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ABSTRACT: The rapid evolution of geoinformatics technologies, particularly through the adoption of 
Unmanned Aircraft Systems (UAS), has brought significant changes to the collection, processing, and 
analysis of spatial data. UAS are increasingly integrated into Geographic Information Systems (GIS), 
remote sensing, and spatial analysis, enhancing efficiency and accuracy in applications such as precision 
agriculture and infrastructure management. However, limited empirical research has examined the 
consequences of their integration for operational efficiency, regulatory compliance, and related 
management practices in the Greek context. This study evaluates how UAS integration into the operations 
of Greek geoinformatics firms enhances efficiency and supports compliance with Greek and European 
regulatory frameworks. A qualitative multi-case study methodology is employed across five Greek 
geoinformatics service providers, and data are collected through semi-structured interviews and secondary 
sources. Findings indicate that UAS integration improves the quality of spatial data, reduces data collection 
costs, and facilitates regulatory compliance of these firms. Finally, the study highlights the emergence of 
optimal operational management policies of UAS including standardized end-to-end workflows, clear role 
allocation and compliance responsibilities, systematic QA/QC procedures, proactive regulatory monitoring 
(PDRA/SORA readiness), which strengthen and promote innovative geoinformatics technologies. 
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1. Introduction 

In recent years, technological advances have significantly contributed to the development and adoption 
of innovative methods for collecting, managing, and using spatial data. More specifically, the integration 
of unmanned aerial vehicles (UAS) into geoinformatics technologies, namely Geographic Information 
Systems (GIS), remote sensing, and spatial analysis, has enforced data accuracy, efficiency, and flight 
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safety. This evolution is marked by a significant shift towards the use of more automated, flexible, and cost-
effective systems that collect and analyze spatial data in real time. 

UAS use now covers a wide range of applications, including mapping, inspection of critical 
infrastructure and the environment, agricultural production, and management of natural and climate crises. 
The use of such technologies strengthens the ability of actors to interconnect complex spatial data and detect 
their dynamic interactions. The ability to collect high-resolution spatial data in real time, accurate 
georeferencing and rapid information processing enables businesses to monitor and analyze critical 
processes with greater accuracy and speed in critical business processes. Furthermore, there is a need for 
internationally harmonized regulatory frameworks that ensure flight safety, operational efficiency, and 
compliance with European and/or American standards. 

At the international level, the International Civil Aviation Organization (ICAO) establishes the basic 
principles and guidelines for integrating UAS into international airspace. At a regional level, organizations 
such as the European Union Aviation Safety Agency (EASA) and the Federal Aviation Administration 
(FAA) are developing specialized regulatory frameworks that ensure the safe integration of UAS into their 
airspace. Despite significant progress in this field, international research shows a limited number of studies 
that have focused on the impact of drone-based geoinformatics on operational efficiency [1,2], and on UAS 
regulatory compliance. 

Most studies are oriented toward technical or individual application areas [3,4], while few examine 
how businesses support the practical use of geospatial technologies and drones to collect spatial data [2]. 
Furthermore, the European UAS regulatory framework is evolving rapidly and creates new challenges for 
companies operating in the geospatial information sector. Despite the obvious technological progress in 
UAS–GIS, it remains unclear to what extent their integration improves companies’ operational efficiency 
while simultaneously enhancing regulatory compliance in a rapidly changing regulatory environment (EU). 
This dual dimension—efficiency and compliance—remains critical for the development of this specific 
sector, but has not been empirically explored, at least in the Greek context. Greece adopted national UAS 
regulations at an early stage (2016–2017) and subsequently, the harmonized European framework in 2020. 
Moreover, the Greek geoinformatics market is highly-fragmented and dominated by small and medium-
sized enterprises. Consequently, it highlights the interaction between regulatory complexity and 
organizational capacity. 

The purpose of this study is to explore how Greek companies operating in this field utilize these 
technologies to improve their operating efficiency and enhance their compliance with the applicable legal 
and regulatory framework, both at the national and European levels. The research is based on a multi-case 
study of five Greek companies that use GIS with UAS in various operational applications and aims to 
identify common practices, best policies, and challenges in the use of these innovative technologies. It seeks 
to find conclusions on how companies can combine technological innovation with regulatory compliance, 
ensuring data quality and flight safety while increasing operational efficiency. Next, the theoretical and 
conceptual framework of the study, the multiple case study methodology, and the data collection process are 
described. This is followed by a cross-case evaluation of the companies and an analysis of the findings. Finally, 
the main conclusions and limitations of the study are presented, along with directions for future research. 

2. Background and Related Works 

Published studies indicate the positive results (cost reduction, efficiency, improved decision-making, 
and real-time data acquisition) of integrating UAS into GIS. In particular, research by reference [1] 
examines this impact on urban planning, smart cities development, agriculture, and natural disaster 
management. Reference [5] analyse the US Secretary of Labor’s program, which aims to create 
geoinformatics scientists and develop UAS-GIS systems that map land areas. The use of drones in 
geoinformatics and cartography is also part of an academic program at the University of Budapest [6]. 
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The reference [4] developed an operational framework for using UAS-GIS to monitor the conditions of 
amusement parks located within national parks. The reference [3] used drone-based remote sensing to create 
maps in order to deal with natural and cultural disasters in the developing areas of southwest China. Similarly, 
The reference [2] explored the design of UAS missions for geodata collection. These missions help collection 
of quality data in minimal time and cost. However, they conclude that effective mission organization is 
required, using appropriate software to plan the optimal flight route for efficient geodata collection. 

The creation of highly accurate maps was examined by reference [7,8]. The use of advanced sensors 
by unmanned aircraft is particularly effective, enabling detailed mapping at low cost. Furthermore, 
unmanned aircraft can be used as platforms for collecting photogrammetric data in difficult-to-access areas, 
offering all the advantages mentioned above. The reference [9] explored the use of drones by geographers 
and their future contribution to the field. 

The reference [10] used GIS to identify the dispersion and correlations of data from American manned 
aircraft pilots and UAS pilots sharing the same airspace. The aim is to identify high-risk geographical areas 
so that flight safety can be properly managed. The results of the research show that there is a high density 
of manned and unmanned flights near urban centers and airports, thus, the integration of GIS into air traffic 
management is considered very important. 

Despite these advantages, studies also highlight some significant disadvantages in the use of drones by 
professionals involved in mapping. While collecting geodata via UAS is cheaper and provides higher 
resolution, professionals in the field (geographers, politicians, engineers, surveyors, etc.) are not willing to 
invest in technology that becomes outdated year after year [11]. Disadvantages such as the limitation of 
flights only under visual contact, short autonomy, and the high cost of high-resolution cameras force 
professionals to purchase data from intermediaries and contractors. These disadvantages act as deterrents 
to the use of UAS in areas increasingly prone to flooding, due to climate change or other extreme weather 
events. The reference [12] proposed a flood risk management framework map integrating drones into GIS 
and a decision-making model that contributes to flood risk analysis. 

Significant studies have also been published concerning the training and skills of UAS operators, who 
are also mapping professionals [6,9,13–15]. These training programs prepare mapping professionals to 

become experienced drone pilots. In addition, they are trained to plan missions with UAS-GIS and to 
conduct high-level mapping. For example, civil engineering operators are required to be trained to create 
3D models using UAS to capture the dimensions of buildings [14]. 

These articles so far have focused mainly on the technological potential of UAS-GIS use, with the 
advantages and disadvantages that may arise. Although international research offers partial documentation 
of the advantages and disadvantages of UAS–GIS at the level of operational effectiveness, there are no 
corresponding empirical studies in the Greek context. This gap limits understanding of the Greek market 
and the practices adopted in real business conditions. Therefore, it addresses this gap by adopting an 
organizational and regulatory perspective of UAS integration not as a technical challenge but as a socio-
organizational process formed by governance structures, compliance capacity, and managerial decision-
making of geoinformatics service providers. 

3. Methodology 

This research adopts a qualitative approach, aiming to investigate the operational effectiveness and 
regulatory compliance of companies in the field of UAS-GIS. The choice of analytical qualitative 
methodology was deemed appropriate, as the objective is an in-depth understanding of perceptions, policies, 
and operational strategies rather than statistical generalization. The study employs a multi-case design, 
which is suitable when examining complex phenomena and responding to how and why questions [16]. 

That method allows for the comparative investigation of the approaches adopted by different firms’ 
practices, in order to highlight common patterns, similarities, and differences, and potentially build best 
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practices. Each company represents an autonomous case, while the results are comparatively assessed on a 
cross-case level. In this way, the phenomena are examined in depth, without losing the individuality of each 
case study. By studying multiple cases, the phenomena under investigation can be analyzed in depth as 
each case has distinct characteristics [17]. 

According to the reference [18], multiple case studies can provide a sound basis for grounding theory 
as they generate extensive qualitative data. They are certainly more effective than a single case study, 
although only careful design can achieve the expected outcomes. In addition to qualitative thematic analysis, 
the study incorporates indicative quantitative evidence derived from the interview material. Specifically, 
interviewees were asked to estimate relative changes in project duration and implementation cost following 
the adoption of UAS-based workflows. These estimates are self-reported and not independently audited. 
Yet, they are used to support cross-case pattern identification rather than precise measurement. 

3.1. Research Design and Approach 

The main method of collecting primary data is semi-structured interviews with the relevant project 
managers or directors of the five firms. The choice of that method aims to capture experiences, strategies, 
and practices while maintaining sufficient flexibility to allow new topics to emerge during the interview. 

Each semi-structured interview includes central thematic axes, as follows: 

 operational processes and strategies for improving the collection and use of spatial data; 
 compliance practices with the regulatory framework of UAS and flight safety; 
 difficulties and obstacles in the operational use of UAS-GIS; 
 development of a suitable framework of best practices; 
 perceived challenges and future prospects. 

The interviews lasted 45–60 min and were conducted in person or online (from 20 October 2025 to 20 
November 2025) with the participants’ consent to audio recording and transcription. All data are 
anonymously and confidentially managed, as we mentioned in the previous section. Secondary data were 
collected for the selected companies prior to conducting these semi-structured interviews. These data were 
sourced both from the firms’ websites and from relevant scientific articles. Thus, triangulation is employed 
in this study, using multiple data sources to compare interview responses with secondary sources, in order 
to produce valid results, ensure consistency, and reduce interpretive bias. 

Based on the purpose of the study, the research questions are formulated as follows: 

1. What are the consequences of UAS integration on the operational operations and geospatial data 
production of geoinformatics service providers? 

2. How do organizations ensure compliance with the national and European UAS regulatory frameworks 
when they collect geospatial data and execute missions? 

3. What are the main challenges and difficulties faced by geoinformatics companies when they implement 
projects using UAS? 

4. What are the best operational practices in the use of UAS that can be leveraged to improve efficiency 
and regulatory compliance? 

3.2. Research Analysis 

The analysis will be carried out using thematic content analysis. Initially, the interviews will be 
transcribed, and the interviewees’ responses will be grouped according to the thematic axes of the research 
questions. A cross-case analysis will then be conducted, aiming to identify common patterns, differences, 
and best practices among the five firms. The analysis will follow an inductive approach, allowing findings 
to emerge from the data without imposing predetermined theoretical frameworks [19]. 
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Table 1 presents the content of the semi-structured interviews with executives of geoinformatics firms 
using UAS. The thematic axes were developed based on research questions. 

Table 1. Thematic Axes of Semi-Structured Interviews. 

Thematic Axis Dimensions Indicative Questions Purpose 

1. Operational 
Effectiveness 

Process effectiveness; data quality; 
technological adequacy; organizational 
flexibility; deliverables & customer value 

How are UAS-GIS projects organized? 
Which technologies/software are used? 
How is data accuracy ensured? How are 
roles allocated? How is client value 
assessed? 

Understanding 
operational organization, 
technological use, and 
effeciency factors. 

2. Regulatory 
Compliance 

Regulatory requirements (EASA/CAA); 
licensing & certification; risk 
management; data protection; internal 
controls 

Which regulations affect operations? What 
approvals are required? How is risk 
assessed? How is flight safety ensured? 
How is data privacy handled? 

Assessing integration of 
regulatory requirements 
and identifying 
compliance challenges. 

3. Challenges 
& Difficulties 

Technological limitations; regulatory 
constraints; organizational/financial 
barriers 

What are the main technological 
challenges? Are there regulatory 
restrictions? What internal difficulties 
affect UAS–GIS use? 

Identifying obstacles to 
operational efficiency  
and regulatory 
compliance. 

4. Best 
Practices & 
Prospects 

Successful practices; regulatory 
improvements; 
technological/organizational prospects 

Which practices are most effective? Useful 
regulatory projects? Useful regulatory 
changes? Future technol. developments? 

Documenting best 
practices and 
improvement proposals. 

An initial open-coding phase was conducted to identify concepts related to operational practices, 
regulatory compliance, and organizational challenges. These twenty (20) codes were grouped into seven (7) 
higher-order categories, including operational integration, regulatory compliance mechanisms, 
organizational structure, QA/QC practices, data governance, performance outcomes, and integration 
challenges, aligned with the research questions. It should be noted that the four thematic axes were used as 
an interview structuring framework, while the seven higher-order categories emerged inductively during 
the analytical phase and served as analytical constructs for thematic and cross-case analysis. 

3.3. Cases’ Selection 

Moreover, the Greek market of geoinformatics service providers utilizing UAS is relatively limited, 
comprising approximately 10–12 active firms. Therefore, the selection of the five (5) most prominent 
companies constitutes a representative sample. In the context of this study, five Greek companies active in 
geoinformatics using UAS were selected, either for their own project or as contractors providing services 
to other companies, under the following criteria: 

 have an active business activity in the collection and analysis of geospatial data for a considerable 
period of time; 

 use UAS in their business processes or as contractors on behalf of other companies; 
 implement or are required to implement the current European and national UAS regulatory framework; 
 were among the first companies to be licensed in 2017 as UAS operator training centers under the 

Greek regulatory framework (Government Gazette/B/4527/30-12-2016) [20]; 
 their senior executives were willing to participate in our research through semi-structured interviews. 

The real names of the five (5) selected firms are not published to ensure confidentiality and more 
objective responses from senior executives, who knew that none of the answers provided during semi-
structured interviews would be published by name. 
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4. Presentation and Results 

4.1. Firms 

4.1.1. Firm A 

Firm A is an organization providing training for drone pilots, certified as a Remote Pilot Training 
Center approval from the Hellenic Civil Aviation Authority in 2017, the year of its establishment. Since 
then, the firm has expanded by creating branches in various cities in Greece—beyond Athens and Piraeus—
including Chania, Kalamata, Nafpaktos, and Messolonghi. 

Today, it is one of the pioneering Greek enterprises in the field of UAS, having developed activities in 
the provision of geoinformation services and the development of remote sensing and high-accuracy 
mapping applications. It focuses on the collection, processing and analyzing of geospatial data through 
unmanned aircraft, undertaking infrastructure projects, environmental monitoring and precision agriculture. 
It is also the representative of the intuitive indoor drone ELIOS 2 by Flyability and the tethered UAS by 
ELISTAIR, in Greece and Cyprus. 

The firm operates and executes geoinformatics projects on internal operational initiatives and on behalf of 
third parties as well. Its services cover the full spectrum of the geospatial lifecycle, including high-resolution 
surveying and mapping using UAS for primary data collection (RGB, multispectral and thermal), production of 
orthophotos and terrain models (DSM, DTM); photogrammetric and remote-sensing analysis such as the 
creation of three-dimensional surface models, spatial-change detection, thematic classification and image 
processing; GIS integration and spatial analysis combining UAS data with satellite and ground data to create 
integrated geospatial databases suitable for engineering projects, spatial planning, natural-resource management 
and environmental assessment; and the production of cartographic products and technical reports, delivering 
orthoimages, thematic maps and analytical documents with scientific documentation. 

Finally, Firm A participates actively in EU-funded research projects that implement geoinformatics 
applications using UAS. Its participation in such projects demonstrates its strategic positioning as a highly 
specialized technical firm, aiming to incorporate UAS technologies into geospatial infrastructure, precision 
agriculture, and environmental management. Indicative examples of major projects include SmartVitiNet, 
which develops an integrated plant-health and precision-viticulture system using UAS; HECTOR, which 
focuses on ship inspection using unmanned aircraft and ultrasonic sensors; and Oenobotics, an innovative 
precision-spraying and remote-sensing system. 

4.1.2. Firm B 

Firm B is one of the most pioneering Greek companies in the field of UAS. Founded in 2011 in Chania, it 
also has offices in Athens. Since 2017, the company has been licensed as a Remote Pilot Training Center by the 
Hellenic Civil Aviation Authority and later became an approved UAS Training Center under the regulatory 
framework of EASA [21,22]. At the same time, the company is active in the fields of Intelligence, Surveillance 
& Reconnaissance (ISR), air transport, target acquisition, and geoinformation services, with strong involvement 
in projects related to infrastructure, the environment, crisis management and precision agriculture. 

It has developed a complete range of geospatial surveying and remote-sensing services, providing 
solutions either as a contractor for third-party projects or to support its own operational and research 
activities. Its activities include high-resolution surveying and mapping using unmanned aircraft equipped 
with RGB, multispectral and thermal sensors for the collection of primary data, processed into orthophotos, 
DSM (Digital Surface Model) and DTM (Digital Terrain Model); photogrammetry and LiDAR for the 
creation of three-dimensional surface models, spatial-change detection, thematic classification and volume 
calculations essential for engineering and environmental projects; GIS integration and spatial analysis 
through the combination of aerial, satellite and ground data to produce comprehensive geospatial databases 
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suitable for urban planning, infrastructure, natural-resource management and precision agriculture; and the 
production of cartographic products, delivering thematic maps and detailed technical reports with full 
scientific documentation. 

These services establish Firm B as an important provider of technical geoinformation solutions, 
combining UAS technology, high-precision sensors, and GIS systems. It also participates actively in 
international research and development projects involving the integration of UAS into critical missions, 
including a Memorandum of Understanding with the Naval Group for the integration of the heavy-lift drone 
ATLAS 8 into naval platforms, as well as participation in operational and research programs with European 
Union entities such as the European Maritime Safety Agency and Frontex in the fields of surveillance, crisis 
management and GIS. 

4.1.3. Firm C 

Firm C is a Greek company based in Thessaloniki, founded in 2002 as a trading company specializing 
in UAS systems, geoinformatics and related equipment. Over time, its original commercial activity was 
expanded into services, system design, technical support, R&D, and training. Since 2017, it has operated 
as a certified UAS remote pilot training center. 

It maintains a 350 m2 main facility in Thessaloniki, along with new laboratory and training 
infrastructures. It offers a wide range of services, especially in the field of geoinformatics, spatial data, and 
UAS, both as a contractor and for its own applications. Its major areas of activity include UAS systems and 
equipment, trading, design and development of UAS, distribution and support of international drone brands 
such as senseFly, Parrot, DJI, and SkyWatch; and official partnerships as a service center for senseFly, a 
tester for SkyWatch, and an authorized DJI representative in Northern Greece. It also provides technical 
support and maintenance services, including support for GNSS receivers, maintenance and upgrades of 
UAS and geoinformatics equipment and software. 

In the domains of mapping, imaging, and geoinformatics services, it provides geodetic surveys, 
mapping and 3D modelling, precision agriculture applications, infrastructure inspections, and 
environmental monitoring. Its work includes photogrammetric surveys, UAS-based LiDAR operations, and 
remote sensing. The company is recognized as a “Pix4D Trainer”, allowing it to organize certified training 
seminars for the international photogrammetry software Pix4D. Its R&D activity includes participation in 
European projects and programs, such as ICAERUS, in which Firm C is a partner, providing UAS and 
geoinformatics solutions. It has established collaborations with public authorities, universities, research 
institutions, infrastructure companies, telecommunications providers, etc. 

4.1.4. Firm D 

Firm D is another Greek company operating in the field of unmanned aircraft systems (UAS). It was 
founded in 2015 in Athens, and describes itself as “the first company in Greece to operate in the field of 
unmanned ‘smart’ flying UAS systems”. The company implements international standards for quality 
environmental management, information security and health & safety.  

It offers a wide range of UAS-related services, including drone design, construction, and operation, as 
well as data collection and analysis. In the field of geoinformatics in particular, it provides UAS design and 
production, along with aerial photography, mapping, and remote-sensing services; data-collection services 
and the analysis of specialized datasets such as thermal-camera data for surveillance, mapping, and 
reconnaissance; and technical consulting, support, and maintenance for UAS capable of integrating 
geoinformatics applications such as mapping and remote sensing. Consequently, the company functions 
not only as a manufacturer and supplier of UAS but also as a contractor delivering geoinformatics services, 
supporting projects that require spatial data collection, mapping, analysis, and results delivery. It also has 
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an international orientation and involvement in UAS markets and manufacturing, positioning it as one of 
the key players in the Greek UAS ecosystem. 

4.1.5. Firm Ε 

Firm E is a representative example of a Greek company that combines UAS remote-pilot training with 
professional geoinformatics services as a contractor for public and private sector projects. It was founded 
in 2014 as the first company in Greece to specialize systematically in providing UAS application services. 
In 2017, expanding its activities, it established its UAS remote-pilot training center, receiving certification 
from the Hellenic Civil Aviation Authority. By 2019, it had acquired a distinct role in the field of UAS 
services, equipment, and training. 

Today, the firms provides consulting services, UAS construction solutions, and equipment to corporate 
clients and government bodies, as well as aerial inspections for renewable-energy projects, medium- and 
high-voltage networks, telecommunications towers, pipelines, bridges, dams, and other technical 
infrastructure. It operates as a provider of geospatial services, covering the entire lifecycle of spatial data 
from collection to analysis and delivery of specialized products. 

It uses GIS for the collection, storage, processing, analysis, and visualization of spatial data, deploying 
both multirotor and fixed-wing UAS. Its capabilities include the production of 2D orthomosaics; creation 
of 3D models; photogrammetry and stereophotogrammetry; volume measurements such as stockpile 
estimation in quarries or mines; and the development of geographic databases for analysis and management. 

The firm undertakes projects in fields such as urban planning, mining, agriculture, environmental 
monitoring, telecommunications, energy, surveying, real estate, and construction. Its ability to carry 
specialized sensors, cameras, and precision instruments on drones enables the production of spatially and 
temporally dense datasets for environmental and geophysical studies, with minimal disturbance to the 
environment. It also undertakes geospatial projects as a contractor, delivering final products—including 
orthoimages, 3D models, databases, and analytical reports—to public authorities, infrastructure companies, 
energy providers, and research organizations (See Table 2). 

Table 2. Five (5) Geoinformation service providers in Greece. 

CompanyFoundedHeadquarters/Branches Services Technologies/Sensors R&D 

Firm A 2017 
Athens, Piraeus, Chania, 
Kalamata, Nafpaktos, 
Messolonghi 

Photogrammetry, Remote 
Sensing, GIS, Mapping 

RGB, Multispectral, 
Thermal 

SmartVitiNet, 
HECTOR, 
Oenobotics 

Firm B 2011 Chania, Athens (Gerakas) 
Mapping, LiDAR,GIS, 
ISR 

RGB, Multispectral, 
Thermal, LiDAR 

EU/EMSA/Frontex 

Firm C 2002 Thessaloniki 
Mapping, LiDAR, Remote 
Sensing, 
3D Modelling 

LiDAR, Multispectral, 
Hyperspectral, GNSS 

ICAERUS 

Firm D 2015 Athens 
Aerial Imaging, UAS 
Design, Consulting 

IR & Thermal Sensors 
International 
Participation 

Firm E 2014 Athens 
Orthomosaics, 3D Models, 
GIS 

Multispectral, Thermal Technical Projects 

4.2. Comparative Findings 

Τhe comparative analysis of the practices adopted by the five Greek companies employing UAS-GIS 
is structured around four key dimensions: (a) operational efficiency, (b) compliance with the UAS 
regulatory framework, (c) the challenges and constraints encountered in UAS framework, and (d) the best 
practices emerging from the analysis (See Table 3). 
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Table 3. Cross-Case Comparison. 

Dimensions Firm A Firm B Firm C Firm D Firm E 

Operational 
Processes 

Autonomous 
& manual flights, 
PIX4D/Metashape 

Most multi-layered 
workflow with central 
coordination 

Standardized 
workflow with GCPs, 
RTK/PPK 

ISO-based 
advanced 
workflows 

Automated DJI-
based workflow 

Role 
Allocation 

Operational Manager and 
field teams; internal 
compliance 

5 structured 
departments incl. 
Compliance 

Operators, 
technicians, PM; no 
compliance unit 

ISO-based units 
incl. compliance 

Simplified roles; 
no compliance 
unit 

Data 
Management 

Metadata; data volume 
challenge 

Advanced data 
governance 

Metadata; challenges 
with data volume 

Strong data 
governance 
(ISO) 

Standard DJI-
based 
management 

Regulatory 
Categories 

Open & Specific with 
SORA/PDRA 

Open & Specific with 
SORA/PDRA 

Open & Specific per 
project 

Open & Specific 
per project 

Mainly Open + 
simple Specific 

Regulatory 
Monitoring 

Systematic EASA 
monitoring 

Systematic EASA 
monitoring 

Through 
CAA/official sites 

Through CAA Through CAA 

Compliance 
Structures 

Internal compliance & 
reporting 

Compliance Department 
No formal 
compliance unit 

Compliance 
Department 

No compliance 
unit 

Technical 
Challenges 

Data volume + equipment 
upgrades 

Equipment upgrades + 
data volume 

Large data volume 
Open-source 
integration 

— 

Regulatory 
Challenges 

SORA rejection risk 
Frequent requirement 
changes 

Approval delays Approval delays Approval delays 

Market 
Challenges 

— 
High demand + stricter 
requirements 

Low-skilled 
providers 

Underuse of 
UAS potential 

— 

4.2.1. Operational Efficiency 

All firms implement standardized procedures for project planning and execution, including pre-flight 
planning, data collection, processing, analysis, and final product delivery—an indication of the sector’s 
overall maturity. Firm B and Firm D exhibit the most comprehensive and multilayered workflows, 
characterized by clearly defined roles and standardized QA/QC (Quality Assurance/Quality Control) 
processes. In addition, Firm B maintains centralized project coordination through its 
Project/Operations/Compliance Department (See Figure 1). 

On the other hand, Firm D implements a Quality Management System in accordance with ISO-based 
standards. Firm C systematically uses GCPs, RTK/PPK, and predefined flight parameters to ensure 
accuracy in data collection. It also follows an organized processing and quality-control procedure, with 
emphasis on georeferencing, metadata, and completeness checks of the final outputs. Firm A follows an 
operational model based on a combination of autonomous and manual flights, using photogrammetric 
software (PIX4D, Agisoft Metashape) and advanced accuracy methods such as PPK, APK, and ground 
control points. Firm E applies a workflow focused on the DJI ecosystem and automated flight plans. Its 
workflow is characterized by automation, limited use of external photogrammetric software, and a high 
degree of standardization from preparation to final delivery. 

All companies maintain distinct roles in project execution, involving UAS operators, GIS technicians, 
photogrammetrists, project managers, etc. Firm B has five clearly defined departments (Project 
Management/Sales, Operations, R&D, Production, and Compliance), which operate with well-specified 
responsibilities. The existence of an autonomous Compliance Department differentiates Firm B from all 
other companies, as it is the only case where monitoring regulatory changes, managing SORA/PDRA, and 
maintaining manuals and the SMS are assigned to a specialized internal team. 
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Figure 1. Project Workflow Diagram of Firm B. 

Firm D also follows a structured role allocation based on the requirements of certified quality 
management systems (ISO). It maintains distinct functional units for project design, fieldwork, processing, 
and quality assurance, as well as for compliance, making it the second most structured company after Firm 
B. Firm A applies a role distribution that ensures operational coordination and mission safety. The 
Operational Manager assigns personnel to two-member field teams, while UAS operators and 
photogrammetry technicians collect and process data. The company maintains internal compliance 
mechanisms and incident-reporting procedures; however, regulatory compliance is not institutionally 
separated into an independent department, as in Firm B. 

Firm C distributes roles among UAS operators, field technicians, photogrammetrists, and project 
managers. Compliance with regulatory requirements is embedded in the project team’s operation and is not 
supported by a separate organizational unit. Firm E demonstrates the most simplified role allocation. 
Operators are responsible for both flight planning and execution, while processing technicians primarily 
use DJI software for producing deliverables. The project manager coordinates communication with clients. 
The company does not declare the existence of a separate compliance mechanism. 

The firms show differentiated choices regarding photogrammetry software and processing tools. Firms 
C, B, and A use combinations of PIX4D and Agisoft Metashape, which are tools for producing orthophotos, 
3D models, and digital terrain representations. Firm E relies exclusively on DJI Terra, leveraging its full 
integration with DJI systems for automated mission planning and data processing. In contrast, Firm D 
adopts a more flexible and open ecosystem of tools, using open-source software and pipelines such as QGIS, 
VisualSFM, CMVS–PMVS. 

Regarding sensors and equipment, all firms use high-resolution RGB sensors for standard mapping and 
inspection missions. Firms A and B also integrate LiDAR sensors, enabling higher point density and 
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improved performance in areas with complex geomorphological conditions. Firms C and D use 
multispectral sensors where required, mainly in environmental or agro-meteorological applications. Firm 
E uses DJI Enterprise equipment exclusively, maintaining a high degree of homogeneity and 
standardization across its operational platforms. 

As far as georeferencing methods and GNSS accuracy techniques are concerned, Firms A and C apply 
combinations of RTK, PPK, and Ground Control Points (GCPs), enabling high geometric accuracy in their 
final products. Firm B also uses RTK/PPK, adjusting the method according to the technical requirements 
of each project. Firm D uses GCPs and custom accuracy-validation workflows, integrating error-checking 
procedures across multiple processing stages. Firm E relies mainly on the RTK capabilities of DJI models, 
using their embedded technology as the primary accuracy mechanism. 

The firms implement procedures that include the use of metadata to document the collected data and 
the individual processing stages. Among all companies, Firms B and D have the most structured and 
systematic data-governance policies, with standardized practices for classifying and organizing data. Firms 
A and C report that managing the large volume of data generated during missions is a significant challenge, 
especially in large-scale or high-resolution projects. This finding primarily concerns the processes of data 
storage, processing and transfer between teams and software. 

Regarding deliverables, all companies produce the main geospatial imaging products, including 
orthomosaics, Digital Elevation Models (DEM/DSM) and 3D models. Firm D differentiates itself by 
offering additional products such as Digital Twins and BIM-compatible data, expanding the range of its 
deliverables beyond classical photogrammetric outputs. Firm B delivers both processed products and raw 
data, allowing clients to choose the desired level of processing. Firm A notes that the accuracy requirements 
of deliverables vary significantly across clients, which leads to adaptation of technical specifications and 
quality-control procedures for each project. 

4.2.2. Compliance with UAS Regulations 

All firms operate both in the Open Category and the Specific Category of UAS, making use of the 
applicable regulatory framework of EASA and the HCAA for carrying out projects with different levels of 
risk [23]. Firms A and B systematically use PDRA and SORA procedures for managing high-risk missions, 
indicating their engagement in operations with increased complexity and requirements. 

Firm E mainly operates in the Open Category and in simple missions within the Specific Category, 
relying primarily on predefined procedures without extensive risk activities. In contrast, firms C and D apply 
regulatory procedures on a project-by-project basis, adapting the requirements of the Specific Category to the 
particularities of each mission, without the use of specialized PDRA or SORA methodologies. 

Firms A and B demonstrate the most systematic engagement with EASA updates, incorporating changes 
into their operational framework through regular monitoring and participation in relevant networks. The 
remaining companies—Firm C, Firm D, and Firm E—are informed mainly through the HCAA and official 
websites, without reference to an organized or continuous monitoring of European regulatory developments. 

The presence of internal compliance structures significantly differentiates the companies. Firms B and 
D are the only ones that maintain Compliance Departments, which are responsible for managing regulatory 
requirements, monitoring changes to the regulatory framework, and maintaining the necessary 
documentation (manuals, SMS, risk assessments). In contrast, Firms C and E do not report specialized 
compliance units; their related functions are integrated into the project team. Firm A implements internal 
compliance controls and uses the HCAA portal for reporting and managing regulatory requirements. 
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4.2.3. Challenges and Difficulties 

The comparative analysis of the five Greek firms highlights three dimensions of challenges: technical 
difficulties, constraints imposed by the UAS regulatory framework, and challenges arising from the 
structure and maturity level of the market in question. All firms identify the management of the large 
volume of data generated by photogrammetric and LiDAR missions as a key technical difficulty, especially 
in large-scale or high-resolution projects. Firms A and B additionally highlight the need for frequent 
equipment and sensor upgrades, as the rapid technological evolution of UAS requires continuous 
investment and adaptation. Firm D reports an additional technical challenge related to the difficulty of 
integrating open-source pipelines into demanding projects, due to the need for customized solutions and 
complex workflows. 

At the regulatory level, all firms report delays in flight approvals from HCAA/CAA, which affects 
planning and timely project execution. Firm B notes that the frequent modifications to the requirements of 
the Specific Category at the European level create additional administrative burden and a need for 
continuous updates of documentation and procedures. Firm A reports an increased probability of SORA 
rejections in specific areas due to restrictive factors related to the flight environment and risk assessment. 

Regarding market level, Firm C notes the presence of non-specialized providers who, due to low 
technical competence, degrade the overall quality of services in the sector. Firm D highlights that the market 
does not fully exploit the capabilities of UAS, resulting in low adoption of advanced analytical tools and 
limited use of the technology beyond basic applications. Firm B states that the increasing demand for UAS 
services is accompanied by the tightening of both technical and regulatory requirements, which affects 
planning and pre-operational preparation. 

5. Discussion 

The present comparative analysis of the five Greek companies highlights important aspects of the 
integration of UAS into GIS services in Greece (Bλέπε Table 4). According to relevant studies [1], the use 
of UAS in geospatial applications contributes to cost reduction, improved quality, and the provision of 
high-resolution geospatial data. All firms in the study declare significant percentage reductions in project 
duration and implementation cost. Indicatively: 

 Firm C: +150% productivity/−70% cost; 

 Firm D: 50–70% reduction in time/30–50% reduction in cost; 

 Firm B: 30–50% faster implementation/20–40% cost reduction; 

 Firms A and E indicate equally high performance gains compared to traditional methods. 

These efficiencies stem from several interrelated factors: improved access to otherwise difficult or 
inaccessible areas, the automation of data acquisition processes, the enhanced analytical value of the produced 
outputs, and the capacity to repeat missions under consistent conditions. While the use of UAS in 
geoinformatics is often associated with reductions in time and operational costs, the comparative analysis 
demonstrates that such benefits do not emerge automatically with UAS adoption. Instead, overall performance 
is largely shaped by how regulatory obligations are embedded within everyday organizational routines. 
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Table 4. Factors’ analysis in five Greek Geoinformation service providers. 

CompanyStrategic Orientation Workflow Characteristics 
Regulatory 
Compliance 

Key Challenges 

Firm A 
Technical precision & 
educational role 

Advanced workflows; strong R&D 
& training 

Medium–high; internal 
compliance 

Equipment upgrades; 
SORA/CAA delays 

Firm B 
UAS Center of Excellence; 
international outreach 

Standardized, integrated 
workflows; specialized 
departments 

High; independent 
compliance dept. 

High equipment upgrade 
cost 

Firm C 
Custom geoinformatics 
solutions 

RTK/PPK, GCPs, metadata QC 
Medium; less 
institutionalized 

Non-specialized 
competitors 

Firm D 
ISO-based QMS; 
international focus 

Advanced open-source workflows; 
smart flying systems 

High; structured 
compliance 

Open-source integration 
difficulties 

Firm E 
Integrated UAS solutions & 
training 

Automated DJI-ecosystem 
workflows 

Lower formal 
compliance 

DJI ecosystem 
compatibility limits 

Across the five cases examined, organizations that have invested in structured compliance capacity—
either through dedicated compliance units or clearly defined roles and responsibilities—tend to integrate 
regulatory requirements more effectively into their operations. When this approach is combined with 
standardized end-to-end workflows and clearly established QA/QC checkpoints, these firms exhibit 
smoother project execution and deliverables of more consistent quality, particularly within the Open and 
Specific Categories. Moreover, robust data governance practices—such as systematic metadata 
documentation, controlled data storage, and regulated data transfer procedures—further reinforce 
repeatability and reliability in project outcomes. 

Firms that address compliance in a more informal or case-by-case manner often rely on ad hoc 
arrangements and loosely defined role allocation. Under regulatory constraints, this organizational model 
is associated with greater operational performance variability and heightened vulnerability to approval 
delays. Such patterns underscore the importance of organizational maturity in translating regulatory 
compliance into operational effectiveness. Overall, the findings suggest that compliance should not be 
viewed merely as an administrative burden. It operates as a performance-enabling mechanism that links 
organizational maturity with both operational efficiency and flight safety. In addition, the analysis points 
to a progressive relationship between the level of regulatory compliance maturity and the consistency of 
UAS–GIS service provision. 

The strategic orientation of each firm is directly related to its level of operational effectiveness. Firm 
B, aiming to establish itself as a European Center of Excellence for UAS, demonstrates a major competitive 
advantage through its integrated workflow, strict standardization, specialized departments, and multi-
layered operational structure. This finding aligns with [2], which emphasizes the importance of 
standardized, integrated workflows for ensuring high data quality. 

Firm D adopts an ISO-based Quality Management System and advanced workflows, fully aligned with 
international best practices. It utilizes “smart flying systems” as a vehicle for spatial data collection, 
processing, and analysis, with strong emphasis on quality, reliability, and strategic expansion into 
international markets. Firm A, strategically oriented toward high accuracy, technical specialization, and a 
strong educational role, implements combined advanced workflows and promotes innovation within the 
Greek UAS ecosystem. Its engagement with R&D and professional training is consistent with international 
studies that highlight the importance of technical expertise for producing high-quality geospatial data [5,6]. 

Firm C, strategically focused on providing custom geoinformatics solutions, employs workflows 
emphasizing accuracy (RTK/PPK, GCPs, metadata QC). This approach aligns with research that stresses 
the value of technological specialization for high-accuracy geospatial outputs [7]. Firm E, oriented toward 
delivering integrated UAS solutions and training professionals, implements automated workflows based on 
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the DJI ecosystem, consistent with international trends in flight automation and optimization [4]. The 
strategic direction and organizational structure of these firms are shown to be critical success factors in the 
UAS–GIS domain. 

Compliance with the regulatory framework is identified as the most critical factor for UAS flight safety 
[10,12], a finding strongly reflected in the present case study. Firms B and D, both maintaining independent 
Compliance Departments and multi-layered administrative structures, exhibit the highest level of regulatory 
maturity. Their emphasis on safety and provision of critical services (ISR, defense, infrastructure) drives 
increased investment in compliance. Conversely, companies such as Firm C and Firm E, whose strategies 
are focused primarily on technical solutions, appear to adopt less standardized compliance models—an 
observation consistent with studies noting that small and medium-sized enterprises often lack sufficient 
regulatory management mechanisms [11]. 

Firm A, with a dual strategic character (operational and educational), implements effective internal 
compliance mechanisms, although it does not maintain an independent department. As a training 
organization, it has comprehensive knowledge of the UAS regulatory framework, confirming international 
findings on the importance of education [13]. The delays in flight approval by the HCAA, SORA rejections 
in high-risk areas, and frequent changes in the Specific Category requirements reflect international results 
documenting significant bureaucracy and regulatory instability [21]. 

The findings in the Greek sector further confirm international evidence that the collection of large data 
volumes, high equipment costs, and the need for continuous upgrades constitute major challenges for drone-
based geoinformatics providers [11]. However, the extent and nature of challenges faced by each firm are 
directly linked to their strategic orientation: 

 Firms A and B constantly face the need for equipment upgrades; 
 Firm D, relying on open-source development, experiences integration difficulties with pipelines; 
 Firm C, focused on specialized solutions, is affected by competition from non-specialized providers—

consistent with findings on low market maturity in emerging sectors [9]; 
 Firm E, oriented toward the DJI ecosystem, faces challenges mainly in compatibility rather than 

heterogeneous equipment management. 

International literature [13,15] highlights that geoinformatics training is foundational for safe and 
accurate UAS missions. The present multi-case study findings reveal a clear correlation: companies with 
stronger geospatial expertise, certified UAS operators, and more organized structures (Firm B, Firm D, 
Firm A) also demonstrate higher regulatory consistency. 

Although this study is empirically grounded in the Greek geoinformatics sector, its findings have broader 
relevance for UAS–GIS services provision in other European firms, operating under the harmonized EASA 
regulatory framework. The five Greek firms share regulatory obligations, operational categories (Open and 
Specific), and compliance mechanisms that are common across EU Member States, allowing analytical 
insights and an optimal framework that extends beyond national boundaries (See Table 5). 

Finally, despite the operational benefits, the integration of UAS into geoinformatics workflows entails 
a series of technical, regulatory, and organizational trade-offs that constrain performance. This includes 
regulatory constraints (approval delays, frequently changing Specific Category requirements, SORA-
related risks), technical challenges (data volume management, processing capacity), and organizational 
pressures (equipment upgrades, compliance workload). 
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Table 5. Guidelines for an optimal framework. 

Thematic Axis Guidelines 

Operational Practices 
GIS-UAS efficiency is enhanced through standardized workflows, clear role allocation, systematic 
QA/QC procedures, and structured data management. 

Compliance & Regulatory 
Framework 

Regulatory consistency requires systematic documentation, monitoring legislative changes, and 
internal compliance mechanisms; less bureaucratic regulatory authorities are needed. 

Technical & Operational 
Challenges 

Large data volumes, equipment upgrade needs, and administrative delays directly impact 
operational efficiency. Continuous adaptation to technological developments is required. 

Role of Skills & Expertise 
Interdisciplinary knowledge (UAS, GIS, photogrammetry, remote sensing) and continuous training 
are critical for mission quality and safety. 

Overall Perspective 
Successful UAS integration in geoinformatics arises from the synergy of technology, 
organizational structure, regulatory competence, and workforce training. 

6. Conclusions 

This study has shown that the integration of UAS in GIS is a complex process, influenced not only by the 
technological capabilities of the platforms or the quality of the sensors, but—above all—by the way in which 
operational practices are structured and implemented. The efficiency of UAS depends largely on the availability 
of standardized, clearly defined workflows that cover the entire project lifecycle, from mission planning to data 
processing and final delivery to the client. Quality-control procedures, metadata documentation, the use of 
specialized georeferencing methods, and organized data-management structures constitute fundamental 
mechanisms that ensure the accuracy and consistency of the generated geospatial products. 

Regulatory compliance emerges as an equally important factor to technological infrastructure. Meeting 
safety requirements, monitoring regulatory developments, and systematically documenting procedures 
(SMS aligned with UAS standards, proactive PDRA/SORA preparation) determine the extent to which 
organizations can conduct UAS operations safely and consistently. The presence of internal compliance 
mechanisms, along with a clear understanding of the obligations under the Open and Specific Categories, 
facilitates the reduction of operational risk and enhances alignment with European regulatory requirements. 
Overall, the cases indicate that the way regulatory compliance is organized within the firm plays a key role 
in shaping the consistency and reliability of operational outcomes. 

At the same time, the research reveals significant technical and operational challenges, most notably 
the management of large volumes of data, the need for continuous equipment upgrades, and administrative 
delays associated with flight approvals or frequent revisions to regulatory requirements. These challenges 
directly affect operational efficiency and highlight the need for more flexible, scalable, and technology-
neutral approaches to workflow design, as well as less bureaucratic public-sector procedures. 

The role of skills and professional expertise is of particular importance in the use of UAS for geospatial 
applications. Effective utilization of these systems depends not solely on pilot proficiency but requires 
interdisciplinary knowledge, including photogrammetry, remote sensing, geospatial analysis, and mission 
design and preparation. The quality of the data and the safe execution of flights are closely linked to the 
level of training, experience, and specialization of the teams involved. 

Overall, the findings indicate that the successful integration of UAS in GIS depends on technology, 
organizational structure, and regulatory competence. Efficiency is strengthened through standardization, 
systematic documentation, and collaboration between technical and managerial roles, while regulatory 
compliance is achieved through internal control mechanisms and continuous training. The study highlights 
that UAS are not merely data-collection tools; rather, they require a comprehensive operational approach 
in which processes, people, and technology collectively determine the final quality and reliability of 
geospatial information. While the empirical focus of this study is Greece, the analysis provides insights 
relevant to a wider set of European geoinformatics service providers operating under a common European 
regulatory regime. The best practices adopted by the firms examined in this study may serve as a reference 



Drones Auton. Veh. 2026, 3(1), 10003. doi:10.70322/dav.2026.10003 16 of 17 

 

framework for the further development of the sector in Greece and as a basis for future research aimed at 
identifying and comparing similar practices at the European level. 
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