
UAV- UNMANNED AERIAL VEHICLES – ELECTIVE COURSE FOR 
ROMANIAN HIGH SCHOOLS 

A.M. Baldea1,3, M. Garabet1, V. Prisacariu2 
1 SIVECO Romania (ROMANIA) 

2 ”Henri Coandă” Air Force Academy Brasov (ROMANIA)  

3 ”Transilvania” University of Brasov (ROMANIA) 

Abstract 
UAV area confirms of the concepts, materials and technologies at the state of maturity obviously 
causing STEM approaches that can produce values, competencies and skills for future users since 
high school. Transdisciplinary approaches with numerous practical applications of general aspects of 
the field to the specific lead to the establishment of complex connections between the areas 
underlying the use of vehicles unmanned (aerodynamic and mechanical flight, construction and 
operation of aircraft, computer science and programming, electrical and electronics, aviation 
legislation and regulations). 

This course is developed under the frame of MASIM project, Multi-Agent Aerial System with Portable 
Ground Station for Information Management. The objectives of an UAV optional course are related to 
the developing of thinking inter- and transdisciplinary leveraged effect in preparing students and 
raising awareness of all competition mentioned above, using a UAV calls for a personal development 
simultaneously both on the technical core as well as areas related support. The course would use 
innovative STEM educational concepts with mixed groups of students on common teaching and 
learning applications depending on the purpose proposed (real vs humanistic). 

Keywords: UAV, STEM approaches. 

1 INTRODUCTION 
The US Department of Defense defines a UAV as a "powered, aerial vehicle that does not carry a 
human operator, uses aerodynamic forces to provide vehicle lift, can fly autonomously or be piloted 
remotely, can be expendable or recoverable, and can carry a lethal or nonlethal payload"[1]. UAVs are 
a rapidly growing sector in aeronautics and have a great potential to generate jobs amid a fragmented 
regulatory framework especially at EU level with a number of key safeguards not addressed in a 
coherent way. 

UAV technologies are a regulatory challenge, as the current rules on both human resource training 
and aeronautical safety are not tailored to the exponential progress of the market. So there is a need 
to change the regulatory framework from an aircraft-based approach to an operation-oriented 
approach respecting the existing aeronautical rules and procedures when using airspace in common 
with manned aircraft, which leads to the need to develop "detection-avoidance" technologies and 
UAV-specific command and control [2]. 

The operating rules and regulations must take into account the requirements and limits for the 
operation of UAV at specified atmospheric conditions. At the European Union level, three categories 
(proportionate to the level of risk) with different safety requirements are to be implemented as follows: 
open/low risk (air operations do not require prior authorization by the competent authority); 
specific/medium risk (requires prior authorization by the competent authority, except the scenarios 
where a statement by the operator is sufficient); certificate/high risk (requiring a UAV/UAS certified, 
licensed pilot and an operator approved by the competent authority to ensure an adequate level of 
safety), [3]. 

The complexity of the UAV domain requires early, high school type educational approaches where the 
future specialists in the field are already being trained both in technical and management terms. 
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2 EDUCATIONAL APPROACHES IN THE FIELD OF UAV 

2.1 Conception 
The introductory course regarding the use of UAVs stems both from the need for integrated, 
technically focused educational approaches (in general) as well as the assessment and mitigation of 
risks arising from collisions between aircraft of different masses and different categories in view of 
their design characteristics and specific operational requirements (specific). Certain parameters and 
components contribute directly to the severity of the impact and the severity of the event, such as: 
speed and mass, as well as the UAV engine and the charger, [1]. 

Educational approaches to UAV require inter/transdisciplinary approaches that lead to the 
establishment of complex links between the areas underpinning the use of unmanned vehicles 
(aerodynamics and flight mechanics, aircraft construction and operation, computer science and 
programming, electronics and electrotechnics, aeronautical legislation and regulations). 

In the UAV field, integrated system-based training is required with specific approaches depending on 
the category and complexity of the system and the specific mode of operation. 

2.2 Content 
The content of the course may be structured according to the curriculum required by aeronautical 
regulations in conjunction with the main training (engineering and/or system management) including 
introductory elements of aerodynamics and flight mechanics, aircraft construction and operation, 
meteorology, air navigation, radio communications and aerial technical systems management, see 
Figure 1. 

 
Fig. 1 Elective course in UAV area.  

The course may contain introductory elements about the main types of UAV, such as the fixed wing 
type (airplane, moto planer), the rotating wing type (helicopter multicopter), the inflatable wing type 
(motor paraglider, airship), see Figure 2. 

  

 

 
a b c 

Fig. 2 Main types of UAV, a. Fixed wing, b. Rotating wing, c. Inflatable wing. 

3 PROPOSAL REGARDING THE "UAV INTRODUCTORY COURSE". 

3.1 Course topics 
The course aims at addressing the UAV domain both in terms of STEM and management. The course 
provides introductory information of medium complexity and includes a series of topics grouped in 4 
modules as follows: 
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Module 1 Construction of UAVs 
Topic 1.1. History, evolution and direction of UAV development. 
Topic 1.2. Classification, construction types and UAV missions 
Topic 1.3. Introductory elements regarding the construction of UAV. 
Topic 1.4. Introduction to UAV systems, installations and equipment. 
Topic 1.5. Introductory elements regarding the requirements and limits imposed on UAVs. 
Module 2. Design, Operation, and Use of UAVs 
Topic 2.1. Introduction to materials used in UAV. 
Topic 2.2. Tools used in the field of UAV 
Topic 2.3. Software used in the field of UAV. 
Topic 2.4. Getting started with UAVs. 
Topic 2.5. Concepts regarding the operation of UAVs. 
Topic 2.6. Introductory elements regarding the use of UAVs 
Module 3. Navigation, weather and aeronautical legislation. 
Topic 3.1. Introduction to air navigation. 
Topic 3.2. Concepts of aeronautical meteorology. 
Topic 3.3. Introduction to aeronautical legislation and regulations. 
Module 4. Aerodynamics and flight mechanics. 
Topic 4.1. Introduction to aerodynamics. 
Topic 4.2. Introduction to flight mechanics. 

The final course evaluation has two parts comprising of a multiple choice test and a written paper with 
a unique topic for each student. 

3.2 Description of the course topics 

3.2.1 Module 1 
Topic 1.1 (History, evolution and direction of UAV development) describes the main historical and 
evolutionary milestones divided in historical periods (eg the first projects/antiquity, the First World War, 
the interwar period) and identifies the technologies that contributed to the evolution of the UAV. The 
UAV range reveals a several of developmental directions, such as: expanding use areas and 
missions, using new materials, swarming UAVs concept or using invisible technology. 

Topic 1.2 (Classification, constructive types and UAV missions) addresses both the main UAV 
constructive types with relevant examples and the main mission categories that can be accomplished 
with UAVs, for example missions see Figure 3 [4]. 

 
Fig. 3. UAV missions security, [4]. 

Topic 1.3 (Introductory elements for the construction of UAVs) includes a description of the UAVs 
constructive elements, as shown in Figure 4. 

3680



 
Fig. 4. Main categories of the UAV. 

Topic 1.4 (Introduction to UAV systems, installations and equipment), deals with introductory elements 
regarding a series of systems, installations and equipment on board UAVs, such as flight controls, 
sensors and radioelectronic equipment. 

Topic 1.5 (Introductory elements regarding UAV requirements and limits) addresses general facts 
regarding a number of UAVs specific requirements, such as design requirements; flight safety 
requirements; requirements for flight acceptance; exploitation and operation of UAVs [3, 5]. 

3.2.2 Module 2 
Topic 2.1 (Introduction to UAV materials) describes the most used consumables, materials and semi-
finished products used in the construction of UAVs, such as: adhesives; wood; Glass fiber and carbon 
fiber (in the form of cylindrical or rectangular bars / tubes); aluminum alloys or steel alloys; perspex. 

Topic 2.2 (Tools used in the field of UAV) includes a series of concepts about measuring instruments 
and specific control devices used in the construction and operation of unmanned aircraft, such as 
anemometer, propeller balancer, electronic tachometer, digital endoscope, digital infrared 
thermometer, see Figure 5, [6]. 

    
a b c d 

Fig. 5. Tools and devices, a. anemometer, b. tachometer, c.termometer, d. battery checker, [6] 

Topic 2.3 (UAV Software) provides a general description of the most important categories of software 
tools used in the design, construction and operation of unmanned aircraft and flight simulators as 
follows: 

• for designing UAVs: ANSYS, Dassault System Solidworks, Dassault System Catia, [7, 8]; 

• for making UAVs: Cura, Repetier (3D print) and Mach 3 (CNC machine), [9]; 

• for operating UAVs: Ardupilot / Mission Planner, Navio [10] and Microsoft Flight Simulator FSX / 
Real Drone Simulator for flight simulators [11, 12]. 

Topic 2.4 (Introduction to UAVs) includes the description of methods and techniques used in UAVs 
manufacturing, techniques using traditional methods (classic assemblies: gluing, screwing) or modern 
methods (3D printing, 3D CNC router) see figure 6. 
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Fig. 6 CNC manufacturing of component parts. 

Topic 2.5 (Concepts regarding UAV operation) includes a series of concepts regarding the operation 
of component parts of UAVs, such as: piston/electric propulsion systems or flight controls (command 
chain/servo-actuators), see figure 7. 

  
a b 

Fig. 7 Types of engines, a. Combustion engine, b. Electric engine, [6]. 

 
Fig. 8 Flight control system, [15]. 

Topic 2.6 (Introduction to UAVs) includes theoretical concepts related to the main training and flying 
activities with UAVs, which are grouped into three categories: flight preparation and Planning (flight 
analysis to be performed, weather conditions analysis, checking and preparing the UAV); the actual 
flight (3D UAV handling in the area - figure 9, real-time flight data visualization, UAV recovery) and 
post-flight activities (flight assessment, after-flight maintenance and UAV transport preparation). 
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Fig. 9 Flight control transmitter Tx, [15]. 

3.2.3 Module 3. Navigation, weather and aeronautical legislation 

Topic 3.1 (Air navigation introductory elements) includes a number of elementary navigation concepts 
such as cartography and navigation maps, flight planning elements, [13] see figure 10 and 11. 

  
Fig. 10 Flight directions, [13]. Fig. 11 Navigation map, [13]. 

Topic 3.2 (Aeronautical Meteorology) presents a series of basic concepts regarding atmospheric 
factors/climatic characteristics and meteorological phenomena that have an influence on the flight of 
UAVs. The following aspects are addressed: visibility, wind, clouds and temperature. 

Topic 3.3 (Introduction to aeronautical legislation and regulations) deals with the main national 
regulations applicable to unmanned aircraft, such as: Aircraft Code, Flight Admissibility of Civil Aircraft 
Categories (RACR-AZAC), [14]. 

3.2.4 Module 4. Aerodynamics and flight mechanics 
Topic 4.1 (Aerodynamic introductory elements) includes basic information regarding the behavior of 
aircraft in optimal flight conditions (no weather influences). Aerodynamic knowledge focuses on airflow 
around the UAV body using software demonstrations, see figure 12. 
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Fig. 12 Drag and lift for the flying wing. 

Topic 4.2 (Introduction to Flight Mechanics) presents theoretical concepts related to the characteristics 
and performance of unmanned aircraft, such as: geometric characteristics (range, length) and mass 
(maximum weight, payload); flight performance (maximum speed, autonomy), see figure 13, using 
software tools. 

 
Fig. 13. Forces of the horizontal flight. 

4 CONCLUSIONS 
The introductory course on UAVs can provide students with basic information and training related to 
the unmanned aircraft sector through a comprehensive and multidisciplinary approach. However, the 
lectures on each topic require practical modules with the active participation of students. During this 
course, students will gain the competencies: to operate and link math and physics concepts with 
programming algorithms underlying multi-agent communication, sensors (acceleration, image, 
biometrics) and actuators used (servos, propulsion elements); to explain the principles, the design and 
the manufacturing technologies, the materials used for the UAV-s; to explain and to use the dynamic 
concepts from the point of view of norms, regulations and laws that underlie the use of unmanned 
aerial systems in modern airspace conditions [18]. 
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