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Acronyms

• UAV – Unmanned Aerial Vehicle

• UAS – Unmanned Aerial System

• RPV – Remotely Piloted System

• ROA – Remotely Operated Aircraft

• UVS – Unmanned Vehicle System
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History

• Leonard Da Vinci’s notes

• First autonomous flight of an unmanned aerial vehicle (UAV) on 1896

• Number 5 vehicle, designed by Samuel P. Langley, that travelled 400 meters

• Number 6 vehicle travelled 1600 meters

• In 1916, during the First World War, the Aerial Target vehicle was radio controlled (RC)

• Hewitt-Sperry vehicle in 1916

6
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History

• Before the Second World War the airplanes were converted into autonomous vehicles controlled by autopilots

• The first society, the Radioplane Company, specialized in building was founded by Reginald Denny

• 1500 radio-controlled helicopters were built for the Second World War

• Technological development, smaller processors, lightweight sensor measurement systems, global navigations 
systems and so on boosted UAVs growth

• In Japan, Yamaha Motor company developed an unmanned helicopter for irrigation in 1983

• An autonomous UAV flying with GPS was out in 1988

• It observed volcanic activities at Usu-zan in 2000

1
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Drone taxonomy

1
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Fixed-wing UAVs

• They require a track to take off and land

• High robustness, high cruise velocityReLUIS
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Rotary-wing UAVs

• Vertical take off and landing (VToL) vehicles

• Hovering

• High manoeuvrability 

• Helicopters, quadrotor, hexarotors, ….

ReLUIS



Lezione 3 - Le linee guida per i ponti esistenti

Modulo III - Modelli informativi digitali e tecnologie innovative

Tilted / Tilting

• Tilted (passive) 

• Tilting (active) configurationsReLUIS



Lezione 3 - Le linee guida per i ponti esistenti

Modulo III - Modelli informativi digitali e tecnologie innovative

Blimp

• Lighter-than-air

• High robustness

• Low velocity
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Flapping wing

• Bio inspiredReLUIS
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Taxonomy about dimension and flight time

• HALE (High Altitude Long Endurance)

• MALE (Medium Altitude Long Endurance)

• Tactical UAVs

• Small and man-portable UAVs
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Taxonomy about propellers number and configuration

• Configuration

• Plane

• All propellers on the same plane

• Coaxial

• Pairs of propellers aligned along each axis

• Omnidirectional (passive tilted)

• Propellers not aligned in the same direction

• Cross (+) or X configuration

• Number of propellers (usually multiple of 2)

• Quad-copter: 4 propellers

• Hex-copter: 6 propellers

• Plane or Y6 (coaxial-tri-copter)

• Octa-copter: 8 propeller

• Plane or X8 (coaxial quad-copter)
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Drone components

2
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How it works
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Working principle (quad-copter example)

• Quad-copters use two pairs of identical fixed pitched propellers (hex-copter: 3 pairs, etc.)

• Two clockwise (CW)

• Two counter-clockwise (CCW)

• These use independent variation of the speed of each rotor to achieve control

• By changing the speed of each rotor it is possible to specifically generate a desired total thrust

CW

CCW CCW

CW
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Working principle

4

CW

CCW CCW

CW

RED – High speed motor
BLUE – Low speed motor

TAKE-OFF

CW

CCW CCW

CW

LANDING
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Working principle

4

FRONT

LEFT RIGHT

BACK

RED – High speed motor
BLUE – Low speed motor

FORWARD

BACKWARD

FRONT

LEFT RIGHT

BACK
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Working principle
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Working principle

4

CW

CCW CCW

CW

RED – High speed motor
BLUE – Low speed motor

CW ROTATION

CCW ROTATION

CW

CCW CCW

CW
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Photogrammetry
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Overview of the current European 
Aviation regulation for Aerial Robots
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Summary

• EU set of regulations related with drones/UAS/aerial robots.

• Categories of operations: open, specific and certified.

• Requirements for the open and specific categories:

• UAS Operator

• UAS Manufacturer

• Introduction how to handle autonomous aerial operations (not supervised by a human pilot).

• Options for the integration of an aerial robot into the airspace.

• U-space introduction.

ReLUIS
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European Aviation regulations related with aerial robots 

• To fly an aerial robot, this is not the only regulation that applies. For example:
• Privacy

• Environmental

• …

• From the point of view of the European Aviation regulation, Aerial robots are considered unmanned aircraft systems or 
UAS

• The different aviation-related regulations that already come into force are:
• EU Regulations 2019/947 and 2019/945

• Framework for the safe operation of civil drones in the European skies

• More information at: https://www.easa.europa.eu/en/domains/civil-drones

• EU Regulations 2021/664, 2021/665, 2021/666

• U-Space related regulation

• More information at: https://www.easa.europa.eu/en/regulations/U-space 

• EASA, in collaboration of the National Aviation Authorities (NAAs) is the EU entity that is in charge of developing and 
updating this regulation

ReLUIS
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Categories of operations

• EU Regulation 2019/947 and 2019/945 defines the following operations with UAS

• Operation-centric

• Risk-based approach 

 Proportional

ReLUIS
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Categories of operations

• EU Regulation 2019/947 and 2019/945 defines the following operations with UAS

• Important points to be remarked:

• No distinction between professional and leisure activities

• No distinction between experimental flights and aerial works

• All this aviation regulation does not apply to indoor flights

ReLUIS
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Open categoryReLUIS
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Open category – What does it mean to fly below 120 meters?ReLUIS
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Open category – SubcategoriesReLUIS
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Open category – Subcategories

Industrial products with 
closed configuration
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Open category – CE marked aerial robots

• From January 2024: only CE marked UAS can be sold in Open category

• How to CE marked an aerial robot for the open category?

• Easier way is to get in contact with a Notified Body. They will support you through the whole process

• Check list of current Notified Bodies at: https://webgate.ec.europa.eu/single-market-compliance-space/#/notified-
bodies/notified-body-list?filter=legislationId:159261,notificationStatusId:1

ReLUIS
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Open category – Subcategories

Prototypes
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Open category – Summary

• Buy and fly concept
• No interaction with the aviation authority

• Only VLOS operations
• It is required to check that the airspace allows Open category operations

• We suggest to start checking the webpage of your ANSP (Air Navigation Service Provider) or National Aviation Authority (NAA)

• Always below 120m

• MTOW not greater tan 25Kg (or less depending how close you intend fly to people)

• Not possible fully autonomous, non-supervised operations
• But you can always execute autonomous functionalities with a “supervising” pilot

• If you plan to commercialize a product, then it is mandatory from January 2024 that your aerial robot is CE marked

• For prototypes, two options
• Below 250grs MTOW

• Up to 25Kg MTOW, but far away from people

ReLUIS
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Categories of operations

• EU Regulation 2019/947 and 2019/945 defines the following operations with UASReLUIS
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Specific category

Also autonomous operations
are allowed in this category☺
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Specific category

• From the UAS/aerial robot operator point of view
• Like Iberia/Lufthansa/Air France in the commercial aviation

• Three possibilities to fly:
• Operational declaration:

• Only for the two approved standard scenarios

• Operational authorization
• Large variety of operations, including fully autonomous (unsupervised) operations, but only low and medium risk operations

• A risk assessment has to be performed based on SORA

• For specific operations, operator can be used PDRA (already “cooked” SORA approved by the Aviation Authorities)

• Light UAS Operator Certificate (LUC) 
• Optional for low and medium risk operations, mandatory for high risk operations

• Certificate given by the National Aviation Authority (NAA) to grant an operator the possibility to start operations in the specific category 
without needing to apply for an operational authorization process

• It is given for a specific fleet of UAS and for a certain type of operations

• But it requires, among other requirements, to implement a Safety Management System

ReLUIS
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Specific category – Operational declaration

• From the UAS/aerial robot operator point of view

• Like Iberia/Lufthansa/Air France in the commercial aviation

• Operational declaration steps:

• Fast and easy:

• Operation fits into one of the two standard scenarios (STS)

• Operation is performed with a CE marked UAS for these standard scenarios (C5 or C6)

• Operator sends the declaration to the National Aviation Authority (NAA) Not to EASA!

• NAA confirms completeness and receipt of the declaration

• Operator can start operating

• However, 

• NAA can audit at any time the operator to confirm that everything that was included in the operational declaration is fulfilled 

• Can only be used with CE marked drones. Not possible to use prototypes with this option 

• Please go to your country NAA to get more information about STS-01 and STS-02 and how to submit an operational declaration

ReLUIS
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Specific category – Standard scenariosReLUIS
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Specific category – Standard scenariosReLUIS
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Specific category – Operational authorization

• From the UAS/aerial robot operator point of view

• Like Iberia/Lufthansa/Air France in the commercial aviation

• Operational authorization steps:

• Long process (around 3-6 months depending on the complexity):

• Definition of CONOPs and application of SORA risk assessment methodology

• If operation is low and medium risk level, then it can continue. 

• For high-risk operations, only LUC option is possible to fly

• Operator compiles all the required documentation (Operation Manual, justification of Operational Safety Objectives and 
Mitigations, UAS characterization, insurance, etc.)

• It may need information provided by the UAS manufacturer

• Operator sends the documentation to the NAA

• NAA revises it and there is usually some interactions to clarify aspects and include more evidences, if required

• NAA approved the operations and send the operational authorization to the operator

• Operator can start operating

ReLUIS
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Specific category – Operational authorization
• From the UAS/aerial robot operator point of view

• Like Iberia/Lufthansa/Air France in the commercial aviation

• SORA risk assessment methodology:
• Qualitative risk assessment

• Evaluate ground risk

• How big is the aircraft?

• Rural or urban area?

• Evaluate air risk

• Am I flying close to an airport?

• Controlled or uncontrolled airspace?

• Below 120 meters or above?

• The combination of both risks, provides the overall risk level (SAIL from I to VI)

• Low risk: SAIL I and II

• Medium risk: SAIL III

• High risk: SAIL IV, V and VI

• Depending on the risk level, different requirements will apply (the so called OSOs)

• Operator needs to justify to the NAA how they plan to comply with all the OSOs (and also mitigations)

• Current applicable version of SORA can be consulted at: 
https://www.easa.europa.eu/en/document-library/easy-access-rules/easy-access-rules-
unmanned-aircraft-systems-regulations-eu

• It is a complex methodology (a lot of options), and it also requires certain experience the 
development of the required documentation to 

• If you do not have experience, I suggest to contact a consultancy company from your country 

ReLUIS
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Specific category – Operational authorization

• From the UAS/aerial robot operator point of view
• Like Iberia/Lufthansa/Air France in the commercial aviation

• If you operation fits a PDRA, then it is easier:
• Operator does not need to apply SORA

• Operator does not need to define how to justify the different requirements 
(OSOs) and mitigations 

• But the rest is the same as with the regular operational authorization 
process

• List of PDRAs (already “cooked” SORA approved by EASA and NAAs)

• PDRA S-01 – Agricultural works, short range cargo ops

• PDRA S-02 - Surveillance, agricultural works, short range cargo ops

• PDRA G-01 - Surveillance, long range cargo ops

• PDRA G-02 - All range of ops

• PDRA G-03 - Linear inspections, agricultural works
• All of them are low risk operations (SAIL I or II) 

• More information about PDRAs at: 
https://www.easa.europa.eu/en/domains/civil-drones-rpas/specific-
category-civil-drones/predefined-risk-assessment-pdra 

ReLUIS
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Specific category – LUC

• From the UAS/aerial robot operator point of view
• Like Iberia/Lufthansa/Air France in the commercial aviation

• Light UAS Operator Certificate:
• Long process with the NAA

• Main requirements for the operator:

• Safety management system (SMS)

• Remote pilot competencies along with planning, implementation, maintenance and administrative skills

• Documentation system

• LUC safety manual

• Right now, the details of these requirements are not clearly defined

• Privileges

• To conduct operations covered by standard scenarios without submitting a declaration

• To self-authorise operations conducted by the UAS operator and covered by a PDRA without applying for an authorisation

• To self-authorise all operations conducted by the UAS operator without applying for an authorisation. 
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Specific category

• From the UAS/aerial robot manufacturer point of view
• Like Airbus/Boeing in the commercial aviation

• Design verification of the UAS options:
• Open category and STS: CE marked

• For time and cost estimations, you can contact Notified Bodies (list on current Notified Bodies in previous slide)

• Operational authorization (SORA or PDRA application):
• SAIL I, II and III: Declaration of compliance of the drone with the technical OSOs

• This option is very very new, so not much information available yet

• The declaration will be submitted to the NAAs along with full package of evidences that they will audit

• SAIL IV: Design Verification Report 

• Process in which EASA (not the NAA) confirms that UAS complies with SC-LUAS requirements

• More information at: https://www.easa.europa.eu/en/domains/civil-drones-rpas/specific-category-civil-drones/design-verification-
report 

• It can take around one year and several hundred thousands or a few millions of euros

• SAIL V and VI: the use of a UAS with Type Certificate

• Apply Part 21 (formally EU Regulation 748/2012) with EASA (not NAA)

• Very complex and very costly process. Same processes used for manned aviation

• It can take around 3 years and tens of millions of euros

• LUC: same options as the operational authorization, depending on the SAIL level of the operations

Low-medium
risk

High risk
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Specific category

• From the UAS/aerial robot manufacturer point of view

• Like Airbus/Boeing in the commercial aviation

• List of CE marked UAS

https://www.easa.europa.eu/en/domains/civil-drones/drones-regulatory-
framework-background/open-category-civil-drones
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Specific category

• From the UAS/aerial robot manufacturer 
point of view

• Like Airbus/Boeing in the commercial aviation

• List of DVR issued by EASA (so far only
subystems not complete UAS)

https://www.easa.europa.eu/en/domains/civil-drones-rpas/specific-category-civil-
drones/design-verification-report

ReLUIS

https://www.easa.europa.eu/en/domains/civil-drones-rpas/specific-category-civil-drones/design-verification-report
https://www.easa.europa.eu/en/domains/civil-drones-rpas/specific-category-civil-drones/design-verification-report


Lezione 3 - Le linee guida per i ponti esistenti

Modulo III - Modelli informativi digitali e tecnologie innovative

Specific category – Autonomous operations

• The Specific category is the only category where fully autonomous 
operations (without a supervised pilot) is allowed

• But only possible under the operational authorization option

• The details of how the different levels of automation has to be 
considered in the SORA risk assessment are not yet fully defined

• JARUS, a worldwide association of Aviation Authorities, published in 
March 2023 for open consultation a draft version of “Methodology 
for Evaluation of Automation on UAS Operations”

• Define levels of automation for UAS operations

• Describing functions and safety dependence

• Impact of Automation into SORA risk analysis

• However, this work is still under development, so it will require still 
some time until we have a clear way how to obtain an operational 
authorization for a highly automatic or autonomous operation

• More information at: http://jarus-rpas.org/publications/ 
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Specific category – Summary

• Include a large variety of operations

• 3 options to fly
• Operational declaration

• Only operations that fit into one of the two standard scenarios

• It is required a CE marked UAS (C5 for STS01 and C6 for STS02)

• Operational authorization
• Only for SAIL I, II and III operations (including operation that fits into one of 

the published PDRAs)

• UAS requires a declaration of compliance of the drone with the technical OSOs

• Light UAS Operator Certificate (LUC):
• Optional for STS and SAIL I, II and III operations(including PDRAs)

• Mandatory for SAIL IV, V and VI operations

• UAS requires a declaration of compliance or DVR depending on SAIL level

• Please remember that this applies to aerial works and experimental 
flights

• However, experimental flights can be performed in dedicated test flight 
centers

• This flight test centers usually has a set of mitigations (like segregated airspace 
or unpopulated area around) that usually allows to fly long distances or large 
aircrafts under SAIL I, II or III at most
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Categories of operations

• EU Regulation 2019/947 and 2019/945 defines the following operations with UASReLUIS
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Certified category

• Boundary between the Specific and the Certified categoriesReLUIS
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Certified category

• This category requires a pilot

• Same regulation as manned aviation: 

• Adapted to the fact the fact that part of the system is not on the aircraft (the informally known control station) and crew is 
not on-board

• Certification of the operator, certification of airworthiness for the UAS (design, manufacturer and maintenance 
certifications), and official license for the remote pilot (not required in the Open and Specific categories)

• Recently, EASA published an Opinion (previous formal process to publish a EU regulation  related to aviation) 
related with the Certified category and the eVTOL aircrafts (also manned) for innovative aerial mobility services

• Opinion 03/2023: https://www.easa.europa.eu/en/document-library/opinions/opinion-no-032023 

• We are far away into the application of aerial robotics technologies and systems for the certified category

• Also, EASA has published a second version of the roadmap about the application of IA (data driven approaches) 
for aviation application

• More information at: https://www.easa.europa.eu/en/newsroom-and-events/news/easa-artificial-intelligence-roadmap-20-
published 
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UAS integration into the airspace

• So far, we have “just” commented the requirements for the UAS operator and manufacturer without considering 
the integration of the UAS into the airspace

• This is specially relevant for BVLOS operations -> the pilot is not able to directly operate the aerial robot with 
his/her eyes

• Right now there are four main options for BVLOS operations (only for Specific and Certified categories)
• Operate into a segregated airspace -> not really an integration into the airspace

• For example this is what usually happens in test flight centers

• In non-segregated:

• Operate below 150m above ground level (AGL) where there is very limited manned traffic. Two main options:

• In non-controlled airspace, making use of a qualified Detect and Avoid system with coordination operational procedures

• Operate in U-Space airspace (within controlled or un-controlled airspace) using the services of a U-Space Service Provider 
(USSP) 

• Operate above 150m AGL

• Then, it will be required to operate following visual or instrumental flight rules (VFR or IFR) and with the same requirements 
as manned aircrafts (ATM/ATC regulation) but the pilot is not on-board the aircraft. 

• Very difficult and costly. Aeronautical industry is working in achieving this for certain types of airspaces and only for the 
Certified category
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UAS integration into the airspace

• Operations in non-segregated airspace below 150m AGL

• In non-controlled airspace, making use of a qualified Detect and Avoid system with coordination operational procedures

• Not yet available on the market a qualified Detect and Avoid system

• It can be on-board the aircraft or using ground infrastructure

• Right now, EUROCAE (European aeronautical standardization body) is working on defining the requirements for a qualified 
Detect and Avoid system for operations below 120m AGL

• Operate in U-Space airspace (within controlled or un-controlled airspace) using the services of a U-Space Service Provider 
(USSP)

• EU Regulations 2021/664, 2021/665, 2021/666

• More information at: https://www.easa.europa.eu/en/regulations/U-space  

• U-space is only for Europe. A similar concept is developed in other parts of the world under UTM acronym (Unmanned Traffic 
Management)

ReLUIS

https://www.easa.europa.eu/en/regulations/U-space


Lezione 3 - Le linee guida per i ponti esistenti

Modulo III - Modelli informativi digitali e tecnologie innovative

UAS integration into the airspace

• Why U-Space?

• Then, we need a digital system automating air navigation service provision
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U-Space

• U-Space is a new type of airspace
• It can be within a controlled or un-controlled airspace

• U-Space airspaces are designated by the NAAs within their national geography, and before that, they need to perform an 
airspace risk assessment 

• Not a SORA, this is a different risk assessment which is more complex.

• NAAs have to define a CIS (Common Information Service) which is a unique and trusted data exchange point between 
ATM and U-Space ecosystems)

• Once a U-space airspace is formally defined and CIS is certified and operational, certified U-Space Service Providers 
(USSPs) can start offering their services in this U-space airspace

• Four mandatory services:

• Network identification

• Geo-awareness

• UAS flight authorisation

• Traffic information

• Two optional services:

• Weather information

• Conformance monitoring
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U-Space

• What are the advantages to operate in an U-space airspace?
• For the SORA analysis and BVLOS operations, the air risk will usually be ARC-b (low air risk)

• It is a digital and automated system, so UAS flights will be authorized fast and with easy-to-use interfaces

• In the future, it will facilitate the operation of UAS in airspaces with a lot of UAS operations (high density)

• Does the operation in U-Space airspace impose further requirements for the UAS operator or manufacturer?
• Yes, although only right now high-level requirements are defined in U-Space AMC/GM (Acceptable Means of Compliance / 

Guidance Material)

• More information at: https://www.easa.europa.eu/en/document-library/acceptable-means-of-compliance-and-guidance-
materials/amc-and-gm-implementing 

• Which is the current status of the implementation of U-Space?
• The European regulation come into force January 2023 (only a few months ago)

• There is not yet a official U-Space airspace defined in Europe

• Then, it is not possible yet to use U-space services

• IT is expected that first U-space airspaces and USSP services will be launched during next year
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Thanks for your attention!

Prof. Vincenzo Lippiello
University of Naples Federico II

vincenzo.lippiello@unina.it
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