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ABSTRACT. Background: Distribution using drones is treated as a developmental and promising form of transport 

in the future – an innovative way of moving about. The literature review showed a lack of a comprehensive and holistic 

assessment of the phenomenon of the use of drones in mountain search and rescue in Poland, a research gap. The aim of 

the article is to perform a quantitative and qualitative assessment of this issue, acquiring new knowledge about the basics 

of phenomena and observable facts (cognitive aspect). 

Methods: The subject of the study are drones. The scope of the study covers only the mountain search and rescue in Poland. 

The entities under study are central branches of Mountain Volunteer Search and Rescue (GOPR). The study used the 

method of an in-depth direct interview carried out with mountain rescuers – drone pilots in GOPR. 

Results: The result of the analysis of the material from interviews is an assessment of the use of drones in search and rescue 

in Polish mountains: what drones are already used, in which mountain groups, how many are, how often they are used, 

what rescue tasks they perform, how many drone pilots there are, what competences they have, what opportunities and 

problems are associated with the operation of drones in mountainous terrain. 

Conclusions: Drones are already used in mountain search and rescue by GOPR – mainly for searching for people and 

monitoring avalanches. At the moment, the scale of the phenomenon is not very impressive. However, drones are treated 

as a developmental issue in GOPR. In addition to plans to increase the number of drones, GOPR is also considering the 

introduction of drones into other categories of rescue tasks as well as providing the current fleet with new additional 

equipment. The main barriers to further proliferation of drones in GOPR are legal, insurance, financial, and behavioral 

issues. 
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INTRODUCTION 

Observing the spectacular use of drones in 

high mountains (the Himalayas, the Alps), it is 

only a matter of time before mountain rescuers 

are equipped with such devices in lower 

mountains, including the Polish Sudety and 

Karpaty Mountains.  Increasingly better 

technical parameters of drones coupled with 

increasingly lower costs of their production and 

operation are favourable conditions for their 

further development and proliferation, even in 

such an extreme environment as mountains. In 

situations where difficult mountain terrain poses 

threat to human life and health, drones feature 

key advantages such as their mobility in space 

(flexibility of movement) and objectification 

(possibility of even risking the destruction of a 

device to save a human being). As can be seen 

from the long history of mountain accidents, the 

abilities of mountain rescuers and equipment 

they use have their limitations. In certain 

situations, the risk of responding to emergencies 

is too high. This opens up an option to use 

drones. 

Distribution with the use of drones is seen 

as a promising form of transport in the future and 

is part of economic development framework 

programmes where transport is one of the 

priorities. Supporting mountain rescuers with 

drones will contribute to shortening the time of 

providing help to people injured in the 

mountains. In some situations, when weather 

conditions temporarily prevent rescuers from 

reaching the site where an accident happened, it 
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may be the only option to provide search and 

rescue services (transport of medicines, video 

monitoring of a casualty). 

The current introduction of drones in 

mountain search and rescue in Poland (Internet 

sources search) takes the form of local pilot 

programs implemented by individual groups of 

Mountain Volunteer Search and Rescue 

(GOPR). According to the author of this article, 

so far no systematic and thorough scientific 

research has been carried out on the functioning 

of rescue drones in the Polish mountains - a 

research gap. Therefore, the aim of the article is 

to perform a quantitative and qualitative 

assessment of this issue – acquiring new 

knowledge about the basics of phenomena and 

observable facts (cognitive aspect). 

THEORETICAL BACKGROUND 

A systematic literature review was carried 

out in September 2022 on the basis of the Scopus 

abstract and citation database. The analysis of the 

literature consisted in searching for selected 

characteristic words and phrases in three places: 

title, abstract, and keywords. 

In relation to the subject of drones, one 

selected: 

- a total of 80,861 publications (entry 

“unmanned aerial vehicle” or “uav”), 

- of which only 2,161 relate to rescue 

operations in general, 

- including mountain rescue operations – 

only 52 positions, 

- of which only 4 publications concern the 

territory of Poland. 

- The results of the alternative selection are 

presented as follows: 

- a total of 26,813 publications (entry 

“drone”), 

- of which only 881 relate to rescue 

operations in general, 

- including mountain services – only 26 

positions, 

- with no publication concerning the 

territory of Poland. 

As part of the literature review, only the 

first result set was considered (higher number of 

sources, better selection accuracy). In the context 

of the Polish mountains, the first publication 

concerns a new method for detecting a person 

captured in aerial images acquired by an 

unmanned aerial vehicle (UAV). The UAV 

images were acquired during the field campaign 

carried out in the Izerskie Mountains (SW 

Poland). The method is used in a newly built 

system that supports search and rescue (SAR) 

activities [Niedzielski et al., 2017]. The second 

publication concerns the investigation of the role 

of clouds in the effectiveness of automated 

human detection in aerial imagery acquired by 

unmanned aerial vehicles (UAVs). Data were 

acquired during a field experiment carried out in 

the Izerskie Mountains (southwestern Poland). 

Sensitivity analysis, carried out on the basis of 

artificially blurred imagery, confirms that 

reduced image clarity may improve automated 

human detection [Niedzielski & Jurecka, 2018]. 

The third publication concerns the investigation 

of a potential impact of boosting saturation of 

aerial imagery on the performance of 

unsupervised human detection algorithms. The 

study is empirical since it is based on processing 

photographs taken during a full-year experiment 

in the Izerskie Mountains (southwestern Poland). 

We found that saturation boost is an image pre-

processing method that may potentially improve 

the performance of human detection [Jurecka et 

al., 2019]. The fourth publication presents a 

report of a search and rescue mission carried out 

by the Bieszczady Mountain Rescue Service near 

the village of Cergowa in SE Poland, where a 65-

year-old man (who suffered from Alzheimer’s 

disease) was rescued after being detected using 

the use of SARUAV software. This software 

uses convolutional neural networks to 

automatically locate people in close-range nadir 

aerial images. The presented case study proves 

that the use of an UAV assisted by SARUAV 

software can accelerate the search mission 

[Niedzielski et al., 2021]. 

In conclusion, the subject of interest of all 

four publications is the search for lost 

individuals. The authors of these articles focus 

mainly on the issues of image processing, 

including the analysis of external (weather) 

conditions affecting it. Individual reports should 

be treated in the category of selective case studies 

from the area of the Izerskie Mountains and the 

Bieszczady Mountains – lack of a holistic 

publication synthesizing the state of facts 
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regarding the functioning of drones in search and 

rescue operations in the entire Polish mountains. 

As part of the extended treatment of the 

analysis of the issue-related literature, it was 

decided to determine what subject matter is 

addressed in publications concerning mountain 

search and rescue operations outside Poland. Of 

the 52 publications, only articles from scientific 

journals were analyzed (maintaining consistency 

of source type) – 22 positions. Individual authors 

undertake the following research points: 

- simulation environment for offline path 

planning of unmanned aerial vehicles on 

three-dimensional terrains – search and 

rescue assisting operations over mountains 

[Oz et al. 2013], 

- novel work on autonomously identifying 

Safe Landing Zones (SLZs) which can be 

utilised upon occurrence of a safety critical 

event – mountain search-and-rescue 

[Patterson, 2014], 

- design and verification of a Conflict 

Detection and Resolution (CD&R) system 

for manned/unmanned aerial vehicle 

(UAV) – useful to additional applications 

to mountain hikers for emergency search 

and rescue [Lin & Lai, 2015], 

- evaluation of the concept and feasibility of 

using a Remotely Piloted Aircraft (RPA) 

system to support remote sensing in 

simulated major incident exercises - 

simulated exercise: mountain rescue 

[Abrahamsen, 2015], 

- the flight path optimization algorithm, to 

search and locate lost persons in mountains 

[Xiang et al., 2018], 

- using a drone to locate a mountaineer after 

he and his climbing partner were separated 

while summiting Broad Peak in the 

Karakoram Mountains – drones may 

become an invaluable tool in search and 

rescue operations, helping to reduce 

response time and maintain the safety of 

responders in many other types of difficult 

terrain [McRae et al., 2019], 

- a novel approach to person detection in 

UAV aerial images for search and rescue 

tasks in Mediterranean and Sub-

Mediterranean landscapes – better 

effectiveness than the system currently 

used by Croatian Mountain Search and 

Rescue Teams (IPSAR) [Božić-Štulić et 

al., 2019], 

- a dynamic track planning algorithm for 

disaster detection UAVs – the model was 

constructed for different terrains in the 

environment, and the corresponding 

function model was designed for obstacles 

such as mountains and peaks [Qin et al., 

2019], 

- mission planning method of fire fighting 

and rescue of multi-UAV for multiple fires 

–  

- by dropping fire extinguishing bombs by 

multiple UAVs [Zhang et al., 2020], 

- the optimal allocation of drone base 

stations in a given geographical region – 

reducing the time span between sudden 

cardiac arrest (SCA) and early 

defibrillation by automated external 

defibrillators (AED) [Wankmüller et al., 

2020], 

- several image processing algorithms – 

important resource in search-and-rescue 

(SAR) missions - have been used by the 

Croatian Mountain Search and Rescue 

(CMRS) [Gotovac et al., 2020], 

- the reliability of existing state-of-the-art 

detectors to simulate rescue scenes – 

proposing a model that can be used in SAR 

operations [Sambolek & Ivasic-Kos, 

2021], 

- the determinants that drive the behavioral 

intention of mountain rescuers to adopt 

drones in rescue missions – the relevance 

of personal and environmental factors for 

the acceptance of drones [Holzmann et al., 

2021], 

- evaluation of feasibility of using a rotor-

wing unmanned aerial vehicle to support 

situation assessment in search and rescue 

operations in the mountains (avalanches) in 

the mountains of Setesdalen (Hovden) in 

Norway – a UAV is an effective tool 

carrier and saves time in rough terrain, it is 

a safe supplement to human resources in 

high-risk work environments, like an 

avalanche [Abrahamsen, 2021], 

- a method of search and rescue location 

based on acoustic wave communication in 

the blind zone of communication – the 

search and rescue positioning system has 

been designed in detail [Yunfeng et al., 

2021], 
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- investigation of the viability of using an 

aerial drone-repeater system configuration 

to restore and maintain radio 

communications between incident 

command (IC) and deployed rescuers in 

Southern Utah – this method of restoring 

radio communication among SAR 

personnel could drastically improve the 

ability to assist victims and help mitigate 

the risks faced by rescuers [McRae et al., 

2021], 

- the application using a solar powered 

unmanned aerial vehicle (UAV) to inspect 

mountain sites for the purpose of safety and 

rescue – with the maintenance of positive 

residual energy [Huang & Savkin, 2021], 

- a new image segmentation algorithm using 

the RGB component difference clustering 

(RGBCDC) - the proposed algorithm 

shows a better potential for use in 

uncommon situations, especially for rapid 

emergency rescue after serious mountain 

hazards [Liu et al., 2021], 

- an overview of the developing 

epidemiological situation related to the 

COVID-19 pandemic in mountainous 

areas - the use of technologies, such as 

drones, could contribute to an effective and 

timely emergency response in 

mountainous and remote settings [Van 

Veelen et al., 2021], 

- widespread practical implementation of a 

drone still not taking place – rescuers 

benefit from drone usage, especially in 

urgent missions such as search and rescue 

and emergency items delivery, as the 

technology reduces response times while 

simultaneously minimizing risk exposure 

[Wankmüller et al., 2021], 

- a convolutional neural network-based 

model for the detection of humans in aerial 

images of mountain landscapes acquired 

by unmanned aerial vehicles (UAVs) used 

in search and rescue operations – the 

detection of humans in aerial images based 

on the EfficientDET architecture and 

ensemble learning [Dousai & Lonearic, 

2022], 

- proposal of a three-dimensional path 

planning algorithm for multi-UAVs based 

on LSTM-DPPO (long short-term 

memory-distributed proximal policy 

optimization) framework – the proposed 

method can plan the optimal detection path 

with the minimum energy consumption 

[Zhang et al., 2022]. 

In summary, the thematic spectrum of the 

points is very diverse, although here also the 

topic of searching the terrain – mainly searching 

for people - prevails. Individual publications 

focus on narrow, detailed threads that can be 

divided into two clear categories: technical issues 

and organizational issues of working with 

drones. From the point of view of the complexity 

of the analysis of the phenomenon (similarity of 

the subject treatment to this article), two articles 

are worth noting: the experience of Croatian 

Mountain Search and Rescue Teams [Božić-

Štulić et al., 2019] and the systemic design of the 

drone network [Wankmüller et al., 2020]. 

RESEARCH RESULTS 

The subject of the study are drones, treated 

as an innovative way of distribution. The scope 

of the study covers only the realm of mountain 

search and rescue, limited only to the mountains 

in Poland. The entities under study are central 

branches of Mountain Volunteer Search and 

Rescue (GOPR). There are only 7 such branches: 

Karkonosze Group (Jelenia Góra), Sudety Group 

(Wałbrzych), Beskidy Group (Szczyrk), Podhale 

Group (Rabka Zdrój), Krynica Group (Krynica 

Zdrój), Jura Group (Podlesice), Bieszczady 

Group (Sanok). As part of the study, business 

trips (delegations) were made to each branch. 

The study was conducted in the form of an in-

depth direct interview with mountain rescuers. 

The form of direct study was chosen as it 

primarily enables one to obtain very accurate and 

reliable information. The approach based on 

numbers and narratives was adopted: a 

synergistic co-relationship between quantitative 

components (hard statistical data) and qualitative 

components (soft verbal information). 

As part of the study, 3 business trips were 

made (for the sake of organization and time and 

cost reduction, nearby locations were combined): 

1. Szczyrk, Krynica Zdrój and Rabka Zdrój (20-

24 June 2022), 2. Sanok and Podlesice (11-15 

July 2022), 3. Jelenia Góra and Wałbrzych (18-

21 July 2022). A day was planned to be spent in 

each location to gather data. 
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13 mountain rescuers, drone pilots - were 

interviewed. From 1 to 3 mountain rescuers 

participated in an interview in a given branch, 2 

per interview on average. These were only men 

aged 25 to 55 (average age 44.5 years, median 46 

years, mode 50 years). 

All GOPR Groups are equipped with 

drones. Table 1 presents basic quantitative and 

qualitative data related to drones. 

Table 1. Drones in GOPR – basic data  
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number of drones 2 2 3 6 3 2 1 

drone model DJI Mavic 2 

Enterprise 

Dual, 

Autel Evo II 

Pro 

DJI Mavic 2 

Enterprise 

Advanced, 

Autel Evo II 

Pro 

DJI Phantom 

4, 

DJI Mavic 2 

Enterprise 

Dual, 

Autel Evo II 

Pro 

DJI Mavic 2 

(Zoom, 

Enterprise 

Dual, 

Enterprise 

Advanced) (3 

units),  

DJI Matrice 

300 RTK (2 

units), 

Autel Evo II 

Pro (1 unit) 

DJI Phantom 

4, 

DJI Mavic 2 

Enterprise 

Dual, 

Autel Evo II 

Pro 

 

DJI Mavic 2 

Enterprise 

Dual, 

Autel Evo II 

Pro 

Autel 

Evo II 

Pro 

 

since when in the 

Group 

2020,  

2021 

2020,  

2021 

2016,  

2019,  

2021 

2020,  

2021,  

2022 

2019, 

2020, 

2021 

2020,  

2021 

2021 

area of the Group 

(km2) 

2,160 2,000 4,200 3,800 2,615 3,020 2,400 

Source: Author's own compilation. 

Based on Table 1, it can be concluded that 

drones in GOPR are a new and developing topic, 

tracing its beginning to 2019 (interesting fact: 

historically drones appeared in the Podhale 

Group already in 2016). GOPR possesses a total 

of 19 drones. On average, the majority of GOPR 

Groups have 2-3 drones at their disposal, with the 

highest number of drones being in the 

Bieszczady Group, and the lowest number in the 

Sudety Group. There are 4 drone models in 

GOPR: DJI Mavic (8 units), DJI Matrice (2 

units), DJI Phantom (2 units), Autel Evo II Pro 

(the last one in each group, 7 units – the result of 

a sponsorship scheme in 2021). Most of the 

drones used by GOPR are light drones (weighing 

about 1 kilogram), which can reach a maximum 

service ceiling of about 1,000 meters (in practice, 

the drones in GOPR fly at heights of 50-100 

meters). Under normal stable weather conditions, 

a GOPR drone flies 20-30 minutes on one 

charge, covering a distance of 2.5-3.5 kilometers 

(a need for direct "visibility" of the operator – 

drone). All GOPR drones are equipped with an 

ordinary camera and the vast majority of them 

also have a thermal imaging camera. Additional 

equipment that drones in GOPR feature 

(depending on the needs of a given Group) 

includes: a reflector, a loudspeaker, a strobe 

diode, and a drop kit. In addition (no longer 

directly on the drone), there are: spare batteries 

and software supporting image processing, e.g. 

SARUAV (https://www.saruav.pl/). 
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Table 2 presents the possibilities of using 

drones by GOPR. 
Table 2. Drones in GOPR – possibilities of their use  

 

B
es

k
id

y
 

K
ry

n
ic

a 

P
o

d
h

al
e 

B
ie

sz
cz

ad
y
 

Ju
ra

 

K
ar

k
o
n
o

sz
e 

S
u

d
et

y
 

kind of 

operation 

searching for 

people 

searching for 

people 

searching for 

people 

searching for 

people 

evaluation and 

monitoring of 

avalanches, 

delivery of 

cargo 

searching for 

people 

records of 

dangerous 

places 

searching for 

people 

avalanche 

danger 

monitoring 

searching for 

people 

frequency of 

use (per year) 

6-10 1-5 6-10 10-15 30-40 6-10 1 

Source: Author's own compilation. 

Based on Table 2, it can be concluded that 

at the moment drones in GOPR are used 

primarily to search for people (in each group) - 

the task of searching the area. The second 

significant group of tasks comprises monitoring 

and searching through avalanches, as well as 

making records of dangerous places (only in 

certain Groups). Only the Bieszczady Group 

used drones to transport cargo. Drones were used 

the most frequently in the Jura and Bieszczady 

Groups, the least frequently in the Sudety Group. 

On average, in a given year, a given GOPR 

Group used drones in operations from 6 to 10 

times. Unfortunately, it is impossible to 

determine the most frequent and least frequent 

places of use of drones by GOPR due to the fact 

that accidents are random, they can happen 

everywhere. Due to the specific character of 

drones, the preferred areas of their work are open 

and unforested areas. 

Table 3 applies to pilots – mountain 

rescuers operating drones. 

Based on Table 3, it can be concluded that 

in total in the structures of GOPR there are 58 

drone pilots, who are mainly able to fly each 

drone in their group. The largest number of drone 

pilots can be found in the Karkonosze and 

Bieszczady Groups and the lowest in the Podhale 

and Sudety Groups. The number of pilots (Table 

3) is greater than the number of drones (Table 1), 

indicating the possibility of their effective use at 

all times. To pilot a drone, one must have 

appropriate qualifications. It takes a few days (up 

to a week) to obtain them. It is a cost of PLN 

5,000-6,000. However, as in the case of a driving 

licence, skills are further refined by each pilot in 

practice.  

The cost of purchasing one drone with basic 

equipment is in the order of PLN 10,000-15,000 

(recently there has been a significant increase in 

the cost of these devices in connection with the 

war in Ukraine). Additional optional equipment 

is an expense of PLN 100,000-150,000 thousand 

(the better the equipment parameters, the higher 

the price). The main operating costs of a drone 

include: charging a battery and replacing 

propellers (low, several hundred zlotys a year) 

and insurance – both of a drone and pilot 

(significant, several thousand zlotys per year for 

one package of a drone plus a pilot). 
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Table 3. Drones in GOPR – drone pilots and their qualifications  
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number of 

drone pilots 

8 5 3 16 5 18 3 

substitutability 

(ability to pilot 

each drone in a 

Group) 

full full full full full partial  partial  

number of 

mountain 

rescuers in a 

Group (total) 

350 100 200 200 130 160 120 

number of 

professional 

rescuers in a 

Group (in the 

above-

mentioned 

total) 

22 15 22 20 15 19 16 

Source: Author's own compilation. 

The further development (chances) of 

drone exploration in GOPR rescue operations in 

the Polish mountains will depend on the 

following: 

- creating an internal systemic program of 

drone operation as a dedicated section 

within the framework of GOPR, 

- the possibility of obtaining rights for 

internal certification of drone pilots within 

the framework of GOPR (a pilot's 

qualifications should be updated 

periodically – it is quite expensive), which 

would allow one to reduce the costs of a 

license, 

- simplifying legal regulations and 

preferential insurance regulations 

dedicated to mountain search and rescue 

(GOPR) using drones, 

- spending more time training drone skills as 

part of the search and rescue service in 

GOPR, 

- the number of accidents in the mountains 

related, on the one hand, to an increase in 

the number of tourists, on the other hand, 

to a variety of activities undertaken 

(hiking, skiing, cycling, paragliding) – a 

strong upward trend in recent years, 

- technological development of drones with 

regard to greater speed and accuracy as 

well as extending the time of using devices 

(power supply issue), 

- changes in the attitude of rescuers and 

those rescued toward the issue of drones – 

statistics show that this solution works, so 

it should be trusted, 

- providing financing for the development 

(new purchases) and maintenance 

(additional equipment) of the drone fleet in 

the structures of GOPR. 

In rescuers' opinion, in a mountain 

operation with the use of a drone, the most 

difficult problematic aspects (limitations) 

include the following: 

- adverse weather conditions (strong wind, 

high precipitation, dense fog/cloudiness, 

low temperatures – risk of drone icing), 

- inacquaintance with the terrain in which an 

accident occurred, 
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- the planning stage of a rescue mission and 

then its implementation stage (drone and 

pilot logistics), 

- the issue of electric power backing – the 

need to replace and charge a battery during 

a rescue operation, 

- an element of time pressure and focus – 

working under stress (pilot's concentration, 

risk of drone failure), 

- aviation law provisions that GOPR must 

comply with (risk of flight delays pending 

approval by air traffic controllers), 

- exchange of information and data 

(different standards) between GOPR and 

other services, e.g., the police if they also 

participate in a rescue operation. 

CONCLUSION, LIMITATIONS AND 

FURTHER RESEARCH 

The study result is a comprehensive and 

exhaustive quantitative and qualitative 

assessment of the fleet of rescue drones in the 

Polish mountains in a geographical cross section 

(individual mountain groups): what drones are 

already used, in which mountain groups, how 

many there are, how often they are used, for what 

rescue operations, what tasks they perform, how 

many drone pilots there are, what competences 

they have, what opportunities and problems are 

associated with the operation of drones in the 

mountainous terrain. The results of the study 

allow identification of similarities and 

differences between individual GOPR groups. 

The study results should be treated as pilot 

categories. 

Drones are already used in mountain search 

and rescue operations by all GOPR Groups, 

mainly for searching for people and monitoring 

avalanches. At the moment, the scale of the 

phenomenon is not very impressive: frequency: 

most often several times a year. Within a given 

GOPR Group, there are definitely more drone 

pilots than devices (flexibility of work), and in 

most cases, each pilot can operate any drone 

(mutual substitutability). The issue of drones is 

treated as a development issue in GOPR. In 

addition to plans to increase the number of 

drones, GOPR is also considering the 

introduction of drones into other categories of 

rescue tasks as well as providing the current fleet 

with new additional equipment. 

Knowledge about drones in mountain 

search and rescue operations is much broader 

than presented in this article – limited only to the 

Scopus base. From the point of view of up-to-

date information, popular science articles in the 

press and on the Internet are at the forefront. It is 

planned to review other sources of knowledge in 

the future in order to obtain a more complete 

theoretical picture of the phenomenon. In the 

future, in a few years, it would be advisable to 

conduct an identical empirical study again to 

compare the scale of the changes. The entity 

under study was only GOPR. In the future, it is 

planned to also extend the research to the Tatra 

Volunteer Search and Rescue (TOPR), which 

provides assistance in the highest mountains in 

Poland. 

The author hopes that these study results 

contribute to the development of science, 

originality and novelty. The advantages of this 

article are the following: it relates to 

developmental, future distribution technology 

(drone transport), it is considered in the context 

of a specific, niche research area (mountain 

search and rescue), it is a socially important topic 

from the point of view of protecting human 

health and life (alternative ways of providing 

help). 
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