Unmanned Aircraft System (UAS) Airworthiness

Statement of Issue
1
Introduction
1.1
It is helpful to read the descriptions of 'Airworthy' and 'Aircraft Certification' which have been developed over the last 100 years or so.  This safety regime has evolved with the safety of human life on board the aircraft as being the primary, possibly exclusive, focus.  It is interesting to note that there is no such reference to human life on board in the two descriptions given below.  The EASA text on Aircraft Certification states 'The EASA certification team and the set of rules that will apply for the certification of this specific aircraft type are being established (Certification Basis).'  The implication of this is that there are many types of 'certification basis'
1.2
Airworthy
One definition:  "Airworthy" (in respect of an aircraft, engine, propeller or part there of)  "The status of an aircraft, engine, propeller or part when it conforms to its approved design* and is in a condition for safe operation". The application of airworthiness defines the condition of an aircraft and its suitability for flight, in that it has been designed with engineering rigour, constructed, maintained and is expected to be operated to approved standards and limitations, by competent and approved individuals, who are acting as members of an approved organization and whose work is both certified as correct and accepted on behalf of the state of aircraft registry. (ICAO international standard of Annex 8 to Chicago Convention on International Civil Aviation) (* local comment – 'approved design' may be understood in the context of 'Certified' as in 'Aircraft Certification'))
1.3
Aircraft Certification (source EASA website):
1.3.1
'Before a newly developed aircraft model may enter into operation, it must obtain a type certificate from the responsible aviation regulatory authority. Since 2003, EASA is responsible for the certification of aircraft in the EU and for some European non-EU Countries. This certificate testifies that the type of aircraft meets the safety requirements set by the European Union.
1.3.2
The 4 steps of the type-certification process:
1.3.2.1
Technical Familiarisation and Certification Basis
The aircraft manufacturer presents the project to EASA when it is considered to have reached a sufficient degree of maturity. The EASA certification team and the set of rules that will apply for the certification of this specific aircraft type are being established (Certification Basis).

1.3.2.2
Establishment of the Certification Programme
EASA and the manufacturer need to define and agree on the means to demonstrate compliance of the aircraft type with each requirement of the Certification Basis. This goes hand in hand with the identification of EASA’s “level of involvement” during the certification process.

1.3.2.3
Compliance Demonstration
The aircraft manufacturer must demonstrate compliance of its product with regulatory requirements: the structure, engines, control systems, electrical systems and flight performance are analysed against the Certification Basis. This compliance demonstration is done by analysis during ground testing (such as tests on the structure to withstand bird strikes, fatigue tests and tests in simulators) but also by means of tests during flight. EASA experts perform a detailed examination of this compliance demonstration, by means of document reviews in their offices in Cologne and by attending some of these compliance demonstrations (test witnessing).
This is the longest phase of the type-certification process. In the case of large aircraft, the period to complete the compliance demonstration is set at five years and may be extended, if necessary.

1.3.2.4
Technical Closure and Issue of Approval
If technically satisfied with the compliance demonstration by the manufacturer, EASA closes the investigation and issues the certificate. EASA delivers the primary certification for European aircraft models which are also being validated in parallel by foreign authorities for operation in their airspaces, e.g. the FAA for the US or TCCA for Canada. Conversely, EASA will validate the FAA certification of US aircraft models (or TCCA certification of Canadian models) according to applicable Bilateral Aviation Safety Agreements between the EU and the concerned Third Country.'
1.3.3
Nomenclature
The term UAS includes all types of aircraft system in which there is no human pilot on board the unmanned aircraft (UA).  This includes UAS which may operate without a remote human pilot (RP) being part of the system, either by design or because of technical issues.  Most authorities currently require a RP to be able to exercise a pilot's responsibilities for safe navigation of the aircraft at all times.  UAS which are designed to deliver this requirement are called Remotely Piloted Aircraft Systems (RPAS).

1.4
Key Features of UAS   UAS have certain key features which typically are different from current manned aviation.  These include:
1.4.1
UAS currently have no human life on board.  There is consideration of using UAS in 'search and rescue' and similar scenarios (eg fire-fighting) to use UAS to rescue people who already are at significant risk and who cannot be rescued by other means.  However, the routine carriage of people on board UAS/RPAS is only at the conceptual stages.  Should there be an intention for the routine carriage of people by UAS, then it is likely and certification basis will have a great deal in common with that for manned aviation, admittedly with exceptions to deal with the lack of a human pilot on board and related issues (eg communications).  A key issue is that with no human life on board, the only risks to human life are to other airspace users and those on the Earth's surface.  While these risks exist for manned aviation too, the provision of high levels of safety for human life on board give similar risk reduction to other airspace users and those on the surface.
1.4.2
UAS have no human pilot on board.  Instead the remote pilot is typically at a remote pilot station exercising the responsibility for the safe navigation of the aircraft using remote controls and communications.
1.4.3
Some UAS require special launch and recovery systems.  Some UAS may use antenna farms and communications relays/satellites etc.  While operators may own and operate their own line-of-sight radio communications systems (eg VHF radio, with or without relays), operators who use satellite communications for flight control are much more likely to be buying communications service provision from the satellite operator under a quality of service arrangement.  Some UAS have different remote control locations dealing with the operation of a UAS payload,  These and other factors mean that safety assessments for a UAS should be much more heavily based on a full systems approach than for current, comparable manned aviation.
1.4.4
Having to accommodate a human pilot in manned aviation means that the minimum size and mass of a manned aircraft have lower limits.  UAS, on the other hand, can operate successfully for specific missions weighing only tens of grams.  Huge numbers of new aviation applications are constantly being developed for UA/RPA weighing much less than would be required for a human pilot on board.
1.4.5
With no human life on board, UAS can be used deliberately for very high risk missions such as fire-fighting, monitoring extreme weather and volcanic eruptions.  In some cases, a UA may be deliberately sacrificed once it has transmitted the required data.
1.4.6
New technology and system solutions are being developed to handle the removal of the human pilot from the aircraft and to seek to ensure continuous remote pilot control over operations.  There are several, such as a 'Detect and Avoid' systems, means of dealing with communications outages, often referred to as 'Lost Link Procedures' and ways to replace the local cockpit's pilot sensing of on-board features (eg smell of burning, excess vibration, odd noises).  These also have to be part of any full system safety assessment.
1.4.7
UAS technology is evolving very rapidly and the quest for ever greater innovation, performance and economically efficient operation means that the service life of UA (and also the whole UAS) is currently hugely shorter than that for General Aviation and especially Commerical Aviation, where service lives can extend over decades.  Current aircraft certification for manned aviation can take years and is very costly. This acceptable if the costs can be amortised over large fleet sizes and many year of use but this is much less the case for the rapidly evolving UAS sector.
1.4.8
Not only are there many technical (equipment) differences between current manned aviation and UAS but there is a need for a host of training, licensing and procedural issues to be addressed to ensure safe operation of UAS.  Standards and Recommended Practices (SARPs) not only have to be created for UAS but also those for manned aviation have to be amended and validated to accommodate the access of UAS into national and international airspace.
2
Current Work
2.1
All of the above has long been recognised by national and international authorities/regulators and by standards development organizations among many others.  As a result there is a great deal of work underway to provide solutions to provide routine access to non-segregated airspace by RPAS.
2.2
Many countries and groupings have recognised that different approaches for operational approvals can be helpful.  These include an Open Category for very low risk, local operations of typically small and light RPA in which, if the operator and system are inside the specified 'parameter envelope' and conform to the operational rules and the pilot appropriately licensed and the RPAS registered, no further approvals are necessary.  A Specific Category typically applies to operations which are outside the provisions of the Open Category.  Here each operation (or type of operation) is given limited operational approval on a case by case basis once the proposer/operator has demonstrated a safety case which meets the regulator's requirements. Specific approvals can be very specific indeed and may have strict location, altitude, timing, date and many other restrictions.  A Certified Category can be compared to certification for manned aviation, in which the RPA may have a much wider approval to fly in different location, altitudes etc but there would typically be restrictions.
2.3
There has been a rapid growth of Open-style operations for both recreation and aerial work (with the regulations for both converging in many countries/regions) and in many countries the number of RPA exceeding that of all manned aviation aircraft combined.
2.4
Many believe that the Specific Category, at least for the short and medium terms, is where the main commercial opportunities exist.  There are large numbers of commercial operations which can be undertaken by RPA smaller and lighter than manned aircraft but which far exceed the limitations of Open-style categories.  The challenge is that approvals for such operations are typically on a case by case basis and are resource-intensive for both the applicant and the authority/regulator.  It appears that this area is the one which requires the biggest effort to improve efficiency and performance for all concerned.
2.5
In the longer term and with the increasing requirement for larger, long-haul RPAS, a certification regime, analogous to that for manned aviation, is highly desirable.  Much can be learned from the experience of approvals for Specific-style operations and as the technologies and systems evolve for that sector, they will facilitate a successful Certified-style category for UAS.
3
Nature of the UAS/RPAS Operational Risk
3.1
Without human life on board, the only risks to human life are to other airspace users and those on the Earth's surface.  While these risks exist for manned aviation too, the provision of high levels of safety for human life on board give similar risk reduction to other airspace users and those on the surface.
3.2
It can be argued that for the evolution of safety regulation has not focused a great deal on the risk to third party airborne and terrestrial people.  There are different certification bases and Certification Specifications (CS), such as CS23 and CS25 for manned aviation, which do have different operational limitations and requirements but in many cases, once an aircraft type it certified it can fly in many, if not all, operational environments, such as in busy airspace and over centres of population.  Keeping the people on board acceptably safe means that a similar level of safety protection exists for third parties.
3.3
This is not the case for UAS, where the risk to human life is entirely third party.  So the nature of UAS operational risk is very different.  It is not only a function of the RPAS (RPA and entire system) but critically of the operational environment which involves a large number of factors, principally manned air traffic density and behaviour and terrestrial population density, distribution, protection (eg people in open or in concrete buildings) etc.  There are also collateral damage considerations (eg RPA crashing into a chemical plant which releases life-threatening chemicals).  Since the assessment of third-party operational risk has not been the main focus of manned aviation safety regulation development, this is an area which needs a great deal of work with respect to RPAS.  Papers have been written and promulgated and there is an acceptance that a revised form of 'Risk-Based Approach' adopted for RPAS.

4
Specific-type Approvals
4.1
Specific-type approvals from regulators typically require the proposing operator to provide sufficient evidence that the proposed operation is acceptably safe and this is done on a case-by-case basis.

4.2
It is proposed that after many applications and approvals, patterns will emerge among both the operational and environmental parameters and among the types of sufficient safety mitigation.  This might result in the identification of 'classes' (or similar term) of operation, operational environment and safety mitigation regime.  Should there be sufficient confidence in such identified 'classes' they could become more defined/delineated so that future applications falling with with such 'classes' would be more efficiently handled by both the applicant and the regulator.  Some authorities and regulators (among others) have already proposed various 'scenarios' in this respect.
5
Conclusion
This short paper only addresses a selection of the many issues related to airworthiness approvals and/or certification of UAS/RPAS at a very high level.  It seems clear that if the huge potential benefits which are offered by UAS are to be made globally available safely and economically efficiently, a great deal of innovation has to be implemented within the airworthiness regime.
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