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Abstract—This paper presents a methodology to assess the
safety of Unmanned Traffic Management (UTM) systems, not
sufficiently addressed in the current state-of-the-art, using the
concepts of the Specific Operations Risk Assessment
methodology (i.e., SORA). This enables a smooth transition
from traditional safety assessment frameworks to the new
Unmanned Aircraft Systems (UAS) paradigms.
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L INTRODUCTION

Operations executed with UAS are gaining more ground
recently, with more complex airborne and ground systems
and more diversified operational scenarios. This important
growth of the UAS traffic implies, among other
consequences, a growing safety risk that should be assessed
and mitigated appropriately. For this purpose, several
regulations were released around the world to define the
rules and procedures required to ensure the safety of UAS
operations. In addition, the SORA methodology was issued
by JARUS (Joint Authorities for Rulemaking on Unmanned
Systems) to provide UAS operators with a methodical
framework to assess the safety of their operations. It can be
observed, on the other hand, that the current state-of-the-art
does not address sufficiently the safety of UTM services
used to plan, deconflict, validate UAS flight requests prior to
their execution, and also to launch the UA and ensure its
safety during the flight. UTM services can be identified
today as a real source of risk for UAS operations. In fact,
such systems have a criticality proportionate to the safety
risks of the UAS operations they support, as their
malfunctioning can affect the safety of those operations.
Consequently, the manufacturers of such systems should
perform safety risk assessments in order to ensure the
management of these risks. Yet, no adapted guidance is
provided today to support this need. Concretely, UTM
system manufacturers need to:

e determine the level of safety risk for their system,

e determine the level of development assurance (i.e.,
the level of industrial development rigor) for their
system,

e and ensure a proportionality between the level of
development assurance and the level of safety risk,
in order to avoid oversized or undersized objectives
of development assurance.

Fateh Kaakai

Thales Research and Technology (TRT),
Palaiseau, France
e-mail: fateh kaakai@thalesgroup.com

This can be challenging considering the operational
specificities brought by the context of UAS operations,
compared to traditional manned air traffic and other safety-
related industries. Hence, traditional safety assessment
methods (including non-specific methods) cannot be used
directly and should be adapted to this new operational
context.

To respond to this need, this paper proposes a
methodology to assess the safety of UTM services and
allocate commensurate safety risk levels according to the
safety risks of the UAS operations they support. To achieve
this goal, this paper integrates traditional safety assessment
principles (e.g., Functional Hazard Analysis FHA) with the
concepts of the SORA.

In the detail, the first contribution of this paper is the
establishment of a severity matrix that defines the relevant
operational aspects to evaluate (i.e., effect on people on the
ground, manned aircraft and UAS crew), and the severity
levels to consider for each of them. This step contributes to
the specification of the operational environment of the
system.

The second contribution of this paper consists of the
development of transfer functions that associate the risks of
UAS operations (represented by the SORA V2.5 risk
metrics ARC, GRC and SAIL) to the commensurate
severity levels. The resulting transfer functions will be used
as part of the safety risk assessment of the system.

Finally, the last contribution of this paper consists of the
validation of this methodology through its application on a
real industrial use case.

As described, the proposed methodology is intended to
enable a smooth transition from traditional safety risk
assessment frameworks to the new UAS paradigms
introduced by the SORA. In addition, this methodology
helps UTM system constructors in fulfilling the regulatory
requirement of demonstrating the safety of UTM systems, as
in the regulation (EU) 2021/664 for instance.

In the following, the paper analyses first the state-of-the-
art on the methods applicable to the context of UAS
operations (in Section II), then describes the proposed
methodology to assess the safety of UTM services (in
Sections IIT and IV). An application of the methodology on
an industrial case is presented after that (in Section V), in

Courtesy of IARIA Board and IARIA Press. Original source: ThinkMind Digital Library https://www.thinkmind.org

Copyright (c) IARIA, 2026. ISBN: 978-1-68558-395-8

84



PESARO 2026 : The Sixteenth International Conference on Performance, Safety and Robustness in Complex Systems and Applications

addition to a discussion of its benefits and limitations (in
Section VI).

II.  STATE-OF-THE-ART ANALYSIS

Considering the various profiles of stakeholders related
to UAS operations, various methods are available in the
literature and regulations to answer their needs in terms of
safety assessment. This section presents those methods and
exposes their different intents and perspectives, in addition
to discussing their potential applicability to the safety
assessment of a UTM system.

A. SORA and Other Operation-Centred Risk Assessment

Methods

The current regulations in The European Union (EU),
The United States of America (USA) and other countries
allocate to UAS operators the responsibility of
demonstrating the safety of their operations, with the
conduct of safety risk assessments that can be described as
operation-centred for their scope and vision. The SORA is
one of the few methodologies available currently in the
literature that fill this need.

The SORA methodology is developed by JARUS,
providing guidance for the UAS operator on how to evaluate
and conduct a UAS operation in a safe manner. The
European regulation (EU) 2019/947 presents the SORA as
an acceptable means of compliance with Article 11 of the
UAS Regulation (EU) 2019/947, which requires the conduct
of safety risk assessments on UAS operations.

In accordance with its operation-centred perspective, the
SORA aims at assessing the safety risks to which the UAS
operation is exposed. For this, the SORA introduces the
hazard of losing control over the UAS operation to represent
its safety risk. The outcome of this hazard is related to the
risk of a mid-air collision with a manned aircraft, the risk of
a person struck on the ground and the risk of causing
damage to critical infrastructure. While the risk of damage
to critical infrastructure is not addressed by the SORA, the
air and ground risks are represented respectively by The Air
Risk Class (ARC) and The Ground Risk Class (GRC). The
SORA starts with assessing the air and ground risks, in the
case of a loss of control over the UAS operation using the
ARC and GRC. When these are considered as unacceptable,
the SORA defines a set of requirements to reduce the
probability of losing control over the UAS operation. This is
achieved by reducing the probability of malfunctions of a
UAS operation that can cause this hazard. The design of the
UA, human errors of the remote crew, operational
procedures or external systems supporting the UAS
operation are identified in the SORA as possible sources of
this hazard and can be consequently subject to a set of
requirements to robustify them.

Hazard Causes™ lfi;al Outcomes®

| | Person struck
’:'ffg':éf“’—» by the UA on

the ground

Mid-air collision
between the UA|
and a manned

|

|

|

Malfunction of the |
|

aircraft |
|

|

|

|
|
|
|
UAS operation ||
|
|
|
|

|

|

(Characterised |
byARC) |

(e.g., human or
procedural or tool error)

operation

Damage to
critical
infrastructure

! | |
| | |
| | |
| | |
| | | Loss of control ||
Ampli over the UAS —|
| i ]
| | |
| | |
| | |

N \ ~

~ -

Figure 1. Risk Model for UAS Operations in The SORA

Figure 1. presents how these elements constitute the risk
model for UAS operations of the SORA.

B.  Airspace Risk Assessment Methods

The MEthoDology for the U-Space Safety Assessment
(MEDUSA) is a method provided by the CORUS team
(Concept of Operation for EuRopean UTM Systems) to
address the need of assessing the safety of U-space
airspaces. The MEDUSA relies on the SESAR Safety
Reference Material (SRM) where safety assessment
includes both a failure approach and a success one. In the
context of U-space, this enables the assessment of U-
Space’s negative effect on the risk of an accident (failure
approach), but also the positive contribution of U-Space to
aviation safety (success approach).

The MEDUSA uses a holistic approach for the U-space

safety assessment, incorporating both the operator and the
airspace perspectives of U-space service provision, and the
interoperability of these with manned Air Traffic
Management (ATM). For this, the MEDUSA takes into
account the outputs of the SORAs performed on the UAS
operations expected in the U-space. These elements are
integrated as a result in a single U-space safety assessment
to obtain a unified airspace viewpoint.
The MEDUSA can also, on the other hand, recommend or
require changes to be applied on the UAS operations
expected in the assessed U-space, which results in changes
in the SORAs.

More information on the MEDUSA is provided in [14]
and [15].

C. Generic Risk Assessment Methods

To assess safety risks in more generic contexts, several
methods are described in the literature and have been used
traditionally for this purpose. Considering that the method
presented in this article is applicable mainly to safety
assessment methods that evaluate hazard severities, this
section focuses on this type. As its title may indicate, this
type of methods identifies failures at the level of the
analysed scope and analyses their propagation and their
potential effects and severities on the next higher level(s).
Based on the targeted objectives of the analysis, these
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methods can be employed on different levels of a system
(e.g., piece-parts, functions, black-box, etc.).

In opposition to the MEDUSA and the SORA, traditional
risk assessment methods are designed to be generic and
applicable to different operational contexts.

In the context of safety assessments that evaluate hazard
severities, the literature today contains mainly the Failure
Mode and Effect Criticality Analysis (FMECA) proposed
by the National Aeronautics and Space Administration
(NASA) for space program hardware reliability [44], and
the Functional Hazard Analysis (FHA) presented in the
aeronautical safety process in ARP4761 [12].

D. Applicability of Risk Assessment Methods for UTM

Systems

As afore explained, the intent of the SORA does not
cover demonstrating the safety of UTM systems. It cannot
therefore be used alone to fulfil this need, and a generic
safety risk assessment should hence be conducted for this
purpose. However, the SORA prescribes, when needed, a
set of requirements on those systems and any other elements
of the UAS operation to prevent a potential loss of control.
Accordingly, to prevent the failures of UTM systems that
may cause a loss of control, the SORA provides the
Operational Safety Objective OSO#13: “External services
supporting UAS operations are adequate for the operation”.
This OSO should be met with a level of integrity (i.e., safety
gain) and a level of assurance (i.e., method of proof), which
both must be proportional to the risk of the UAS operation.
Therefore, this OSO with its required levels of integrity and
assurance are provided as inputs for the UAS operator to
determine the need to perform a safety risk assessment on
UTM systems.
On another level, the SORA presents an interesting method
to assess the final outcomes of unsafe UAS operations in the
air and ground, through the metrics ARC and GRC. These
ones can be provided as inputs for the safety risk assessment
of a UTM system. This use is possible assuming that the
safety impact of such systems can vary based on the
intrinsic risk of the UAS operations they manage.
In addition, it is important in the safety risk assessment of a
UTM system to consider the operational assumptions and
the mitigation means used in the SORAs of the UAS
operations it manages. On one hand, this enables to retain
the same ConOps studied in the operation SORAs and avoid
thus inconsistencies between the SORAs and the safety risk
assessments of UTM systems. On the other hand, the
mitigation measures taken by the UAS operators (in their
SORAs) can have a potential mitigation gain in the safety
risk assessments of those systems.
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Figure 2. Link between The SORA and Safety Assessments of UTM
Systems

As far as MEDUSA (and potentially other airspace safety
assessment methods) is concerned, this assessment uses the
outputs of SORAs to incorporate the operator perspective.
In addition, if safety assessments of UTM systems in the
assessed U-space are available, the MEDUSA is expected to
take into account the results of those assessments. In fact,
this enables to retain the operational use assumed for those
systems, but also take advantage of the used mitigation
measures. In the other way around, the MEDUSA may
allocate requirements or recommendations to some UTM
systems and/or to other operation elements. These would
therefore result in potential changes to be considered in the
SORAs and the safety assessments of the concerned
systems.

Figure 2. represents the interfaces between the risk
assessment methods, when applied in a context of UTM.

E.  Summary of the State-of-The-Art

The UAS-related risk assessment methods available in
the current state-of-the-art present little work on the safety
assessment of UTM systems. Even less work is provided on
methods that employ the concepts of SORA for assessing
the safety risks of UTM systems. To address this need, this
paper defines a safety methodology with the purpose of
using the SORA concepts in the context of traditional safety
risk assessment methods like FHA and FMECA.

III.  METHODOLOGY RATIONALE

A.  Impact of UTM Systems on UAS Operations

Various types of UTM systems can be distinguished,
based on the operational phase of the UAS operation where
they interfere. Some examples of such systems can be used
in the pre-flight phase, i.e., before the execution of a UAS
operation, notably for verifying the safety of that planned
execution, authorising and preparing it. On the other hand,
other systems can support UAS operations during their
execution, i.e., in their in-flight phase, to ensure their safety.

Independently from the operational phase where such
systems may interfere, the performed activities that rely on
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them can have a potential impact on the execution of the
concerned UAS operations. Consequently, the failures of
those systems, while used to support UAS operations, can
potentially have an impact on their execution as well.

In the concrete, if the failure of a UTM system can
potentially, by definition, affect the execution of UAS
operations and is not mitigated at an early stage, this one
can result in an unsafe execution of the UAS operations that
use the failing system service. An unsafe execution of a
UAS operation takes place in the form of a direct exposition
to its air and ground risks, with a compromised or annulled
mitigating effect of the mitigation means that could reduce
those risks.

In fact, when planning a UAS operation and assessing its
safety, the UAS operator may eventually support it with one
or many tools (e.g., operational procedures, systems) to
reduce its estimated air and ground risks to an acceptable
level. When a failure of a UTM system occurs, the
efficiency of all the used mitigation means possessing
dependencies with this one will be potentially impacted. In
addition, if the occurring failure induces the execution of a
UAS operation in conditions that are different from its
initial plan, this can weaken the efficiency of several
mitigation means or even devalue their use as their
mitigating effect was assessed in accordance with the
initially planned conditions. Therefore, a failure of a UTM
system can compromise or annul the efficiency of those
mitigation means, which implies that the UAS operations
will be exposed to their initially unmitigated air and ground
risk levels (see Figure 3. ).

Based on that, the air and ground risk levels of a UAS
operation are the characteristics to consider when assessing
the safety impact of a failing UTM system, as it directly
affects the severity of its outcome.
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Figure 3. Propagation Scheme of Failures for UTM Systems

The ground risk of a UAS operation is the risk of a
person on the ground struck by the UA, while the air risk of
a UAS operation can be either the risk of a mid-air collision
with a manned aircraft or with another UA. The risk of
collision between UAs is excluded from the scope of the
presented process. Consequently, the application of this
process should be complemented with additional tools to
cover this type of risk.

In what follows, the air risk refers to the risk of collision
between a UA and a manned aircraft.

B.  Use of SORA Concepts for UTM Systems Safety

It is hence clear that, in order to determine the
appropriate severity level to associate to a similar scenario,
it is first necessary to have an adequate method to define the
air and ground risks and to determine their possible levels.

In this perspective, the ARC and GRC, introduced by the
SORA, are estimated to provide a suitable representation of
the air and ground risks to meet this need. As defined by the
SORA, the ARC relates to the risk of a mid-air collision
with a manned aircraft, and the GRC relates to the risk of a
person on the ground struck by the UA (in the case of a loss
of UAS control with a reasonable assumption of safety).

The ARC and GRC metrics and the matrices and
procedures that are established to determine their values
represent an efficient set of tools to express the variance of
the level of risk of a UAS operation. In contrast to risk
models based on continuous functions, the proposed ARC
and GRC definitions furnish a finite number of risk classes
covering the different possible risk degrees (i.e., low,
medium and high risks). This discrete level distribution
enables a simple association of ARC and GRC classes with
severity levels. Furthermore, the ARC and GRC classes are
defined using concrete parameters, which induces more
facility to evaluate the safety impact represented by each
ARC or GRC class and to associate it with the most
convenient severity level. In addition, as the SORA is
endorsed by the European Union Aviation Safety Agency
(EASA) as an acceptable means of compliance with Article
11 of the UAS Regulation (EU) 2019/947, the ARC and
GRC metrics are used for UAS risk assessments in different
parts of the world, including the European Union (EU) and
other countries that choose to follow European UAS
regulations. Finally, these metrics are simple to use for they
can be used independently from any software tools.

The cited elements make the ARC and GRC metrics a
good choice to characterise the risks related to unsafe
executions of UAS operations and to contribute to
characterising the criticality of systems supporting them as a
result.

C. Applicability of Methodology

As designed, the proposed methodology is applicable
mainly to safety assessment methods that evaluate hazard
severities. This includes methods like the FMECA and the
FHA.

In addition, two types of risk related to UA operations
will be addressed as part of this paper, in accordance with
the SORA methodology. First, the “air risk” of a UAS
operation will refer to the risk of a mid-air collision between
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the UA and a manned aircraft. Secondly, the “ground risk”
of a UAS operation will refer to the risk of causing physical
harm to people on the ground, due to a collision with the
UA. The risk of collision between UAs will be excluded
from the scope of the presented process, and its potential
safety consequences in the air and on the ground will not be
considered in the assessment of the “air and ground risks”
introduced earlier.

On another note, the « ground risk » in this article will
not include the risk of a noise impact, privacy concerns or
any other societal issues, nor the risk of damage to
properties or critical infrastructure.

IV. PRESENTATION OF THE SAFETY ASSESSMENT
METHODOLOGY FOR UTM SYSTEMS

A. Definition of The Reference Severity Levels

An unsafe execution of a UAS operation can impact the
safety of operations on three levels. First, it can impact the
capabilities of the UAS remote crew, by increasing their
workload and/or debilitating their efficiency. It can also
impact the safety of air traffic by interfering with manned
aircraft using the airspace, and potentially causing reduction
in safety margins with them which can go up to a mid-air
collision. Finally, it can impact the safety of persons on the
ground by causing events varying from a physical
discomfort to one or multiple fatalities.

As a result, to determine the severity of an unsafe
execution of a UAS operation, its final outcomes on the
UAS remote crew, in the air and on the ground should be
considered. Accordingly, the severity levels to be used in
the context of UAS operations should be defined based on
these three aspects. In alignment with this framework, the
existing literature for the context of UAS operations rely on
these safety aspects to provide definitions for severity
levels.

TABLE L TABLE OF REFERENCE SEVERITY LEVELS
Severity Category Effect on People on Effect on Manned Aircraft Effect on UAS Crew
N The Ground
No Safet Discomfort to
g5 | NoSafety scomfort to No safety effect No safety effect
Effect persons
Physical distress or Potential contingeney manoeuvre to Slight increase in UAS crew
. R anticipate a reduction in safety !
S4 Minor minimal injuries to N N workload, such as flight plan
separation, with no safety effect on
persons P changes.
the manned aircraft crew.
Lo Significant reduction in safety Significant increase in UAS
. Non-serious injuries ! cn
S3 Major separation between unmanned and crew workload or impaired
to persons PR o
manned aircraft remote crew efficiency
Serious injuries to Large reduction in safety separation High workload such Lha!‘lhe
UAS crew cannot be relied
S2 Hazardous one or many persons, between unmanned and manned N N
. L N N upon to perform their tasks
with no fatalities aircraft
accurately or completel

Fatality or fatal

injury to one or A collision with a manned aircraft

Catastrophic
many persons

To define the table of severity levels as part of the
method presented in this article, two documents from the
literature were chosen to be used as references: JARUS
AMC RPAS.1309 Issue 2 and ATO Safety Management
System Manual (SMS), December 2022. The consolidation

of both severity tables results in TABLE 1. , which will be
used in the rest of the article.

B.  Association between SORA GRC and Severity Levels

1) Definition of The SORA GRC Metric

The GRC metric is defined in the SORA Step #2
“Determination of the UAS intrinsic ground risk class
(GRC)” and the SORA Step #3 Final GRC determination.
It relates to the risk of a person struck by the UA (in the
case of a loss of UAS control with a reasonable assumption
of safety). Its value is determined based on the maximum
UA characteristic dimensions and/or its maximum speed,
and the population density in the overflown ground area (see
GRC table in the next section). The consideration of one or
many external mitigation means could result in a reduced
GRC value.

2) Strategy of GRC and Severity Association

To associate the GRC values to the appropriate severity
levels, it is important to determine the safety impact
presented by GRC values. In the literature, the fatality of
striking a person on the ground by a UA (due to a loss of
control over the operation) is represented in several existing
workpapers as a function that varies based on the kinetic
energy of the strike. Some proposed models may also
involve the impacted regions of the human body (e.g., head,
thorax, limb) as a second influencing parameter in this
context.

In most of the existing studies, the event of striking a
person on the ground, caused by an uncontrolled UA or
other types of falling debris or fragments, causes a fatal
untreatable injury (i.e., Abbreviated Injury Scale AIS = 6)
and a probability of fatality of 90% when the kinetic energy
absorbed by the human body surpasses 150 Joules (cf.
Figure 4. ). The curve providing this conclusion does not
consider the variability of the fatality based on the impacted
regions of the human body, as it is based on the Average
Body Position data described in Erreur ! Source du renvoi
introuvable.. In addition, the analysed events concern blunt
force traumas caused by falling objects and excludes
penetrating ones.

)

PROBABILITY OF FATALITY ()

KINETIC ENERGY (KE) (Joules)

Figure 4. Kinetic Energy versus Probability of Fatality (Extract from [2])
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The strike of a UA with a 25 m/s speed can generate a
kinetic energy of 150 J if the UA weighs at least 480 grams.
Several consumer UA models on the market with a 25 m/s
speed exceed this weight and thus are expected to release
more than 150 J, considered here as fatal. Based on that, it is
considered that the first column of the table of GRC values
(representing UAs with a 25 m/s speed, cf. TABLE II. )
includes the risk of causing fatalities on the ground.
Therefore, the GRC values contained in this column are
representative of all the possible degrees of ground risk (i.e.,
low, medium, high). Consequently, the association between
the GRC values and the appropriate severity levels can be
done on this column first, before being extrapolated to the
rest of the table. With this strategy, the associations will be
based on a single variable: the population density on the
ground.

In this sense, the first and second cells of the first column
(i.e., GRC=1 and GRC=2) are considered to represent a
negligible risk of having a person struck by the UA, as the
probability of this event in controlled and remote ground
areas is considered as negligible.

The third and fourth cells of the same column (i.c.,
GRC=3 and GRC=4), with a lightly and sparsely population
density, are associated to a minor risk level. The fifth cell of
the same column (i.e., GRC=5), related to suburban/ low
density metropolitans, is related to a major risk level. The
sixth cell of the same column (i.e., GRC=6), related to high
density metropolitans, is related to a hazardous risk level.
The last cell of this column (i.e., GRC=7), related to
assemblies of people, is associated to the highest risk class,
as it represents a high number of persons exposed to the UA
and a limited ability of the persons to avoid it. The other
values of GRC higher than 7 are all related to the highest
risk level as well.

3) Transfer Function between GRC and Severity Levels:

Based on the ground risk division explained above, the
GRC values are associated with the reference severity
levels, which results in the transfer function provided by the
following table:

TABLE II. TRANSFER FUNCTION BETWEEN GRC AND SEVERITY

LEVELS

< 5,000 (Suburban/ Low density
metropolitan)

< 50,000 (High density
metropolitan)

> 50,000 (Assemblies of people)

Not part of SORA v2.5

40m =
130 ft

Im= 3m= 8m= 20m=

Max UAS Characteristics Dimension 3 10 ft 25 ft 65 ft

Maximum Speed 25m/s 35m/s 75 m/s 120 m/s 200 m/s

Controlled Ground Area 1(85) 1(S5) 2(S5) 3(s4) 3(84)

<5
(Remote)

Maximum
Population
Density
(people/
km?)

2(85) 3(S4) 4(S4) 5(83)

6(S2)

3(s4) 4(S4) 5(83) 6(52)

<50
(Lightly populated)

<500 (Sparsely populated/

Residential lightly populated) SEY

5(83) 6(S2)

C. Association between SORA ARC and Severity Levels

1) Definition of The SORA ARC Metric

As defined by the SORA V2.5, the ARC relates to the
risk of a mid-air collision with a manned aircraft (in the case
of a loss of UAS control with a reasonable assumption of
safety). Its wvalue is determined based the intrinsic
characteristics of the used airspace (e.g., altitude, controlled
versus uncontrolled airspace, etc.), in addition to the risk
reduction potential of one or many strategic mitigation
means.

2) Strategy of ARC and Severity Association

The ARC metric is defined in the SORA Step #4
“Determination of the initial air risk class (ARC)” and the
SORA Step #5 Application of strategic mitigations to
determine the final ARC. However, for the sake of
simplification, the definitions of ARC classes used in this
section are taken from the SORA Step #6 “TMPR and
robustness levels” (see [5]). This SORA Step #6 provides
generic and concise definitions of the ARC classes,
involving both the airspace intrinsic characteristics and the
impact of strategic mitigation means. In truth, the used
definitions describe the ARC classes (i.e., ARC-a, ARC-b,
ARC-c and ARC-d) based on two parameters: the
probability of encountering manned A/C acquired from the
intrinsic airspace characteristics, and the efficiency of the
strategic mitigation means available.

To enable the transfer from the ARC classes to the
reference severity levels as intended, a fifth ARC class
needs to be added to this list. Considering the provided
ARC definitions, the definition of the class ARC-c was
estimated to be potentially dividable into two risk classes, to
meet this need. The differentiation between the obtained risk
classes, ARC-c and ARC-c’, was set based on the same
parameters used to define the other ARC classes.

3) Transfer Function between ARC and Severity Levels:

In the light of this, the resulting transfer function between
the ARC classes and the severity levels is provided in
TABLE III. and TABLE 1V.

The association here between ARC-d and the
catastrophic severity level (i.e., mid-air collision with a
manned aircraft) assumes that no mitigations are available
on the manned aircraft side to avoid a collision with a UA
out of control. Therefore, the severity related to ARC-d can
be reduced if we consider that manned aircraft can detect
and avoid collisions with UAs.
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TABLE III. TRANSFER FUNCTION BETWEEN ARC AND SEVERITY
LEVELS
ARC-a : N " 5
(S5) - Airspace where the manned aircraft encounter rate is expected to be extremely low.
ARC-b - Airspace where the likelihood of encountering another manned aircraft is low but not negligible
(54; and/or where strategic mitigations address most of the risk and the resulting residual collision risk is
low.
ARC-c
(S3) - Airspace airspace with a moderate likelihood of encounter with manned aircraft, and/or where the
ARC-¢' strategic mitigations available are medium robustness.
(S2)

The manned aircraft encounter rate is high, and/or the available strategic mitigations are low.
Therefore, the resulting residual collision risk is high.

TABLE IV. MATRIX REPRESENTATION OF ARC CLASSES

Manned A/C Encounter Probability Efficiency of Available Strategic Mitigation Means

(Based on Intrinsic Airspace

Characteristics) Low Medium High
Extremely low ARC-a (S5) ARC-a (S5) ARC-a (S5)
Low ARC-b (54) ARC-b (S4) ARC-b (S4)
Moderate ARC-c'(S2) ARC-c (S3) ARC-b (S4)
High _ ARC-c’(S2) ARC-c (83)

D. Association between SORA SAIL and Severity Levels

A Specific Assurance and Integrity Level (SAIL) is a
parameter defined in the SORA as combination of the ARC
and GRC levels of a UAS operation. This way, a SAIL is
intended to reflect the level of confidence that the operation
will remain under control, and to determine, when needed,
the Operational Safety Objectives (OSOs) with their
adequate levels of robustness to bring that level of
confidence to an acceptable degree.

Having established earlier transfer functions to associate
both ARC and GRC values to the appropriate severity
levels, a transition from SAIL levels to severity levels can
be defined as follows:

TABLE V. TRANSFER FUNCTION BETWEEN SAIL AND SEVERITY
LEVELS
Residual ARC
Final GRC a b c c d

<2 1(S5) 11 (s4) IV ($3) IV (52)

3 11 (s4) 11 (s4) IV ($3) IV (52)

4 1 (s4) 111 (54) IV ($3) IV (52)

5 IV ($3) IV (S3) IV ($3) IV (52)

6 V (S2) V(S2) V (S2) V(S2)

7

>7 Category C operation

V. METHODOLOGY VALIDATION THROUGH INDUSTRIAL
USE CASE

A.  Presentation of The Industrial Use Case

The example used in this section is taken from a system
that provides UA remote crews with the positions of
manned aircraft in the vicinity of their UAs. The provided

service is intended to support UA remote crews while
operating their UAs, by contributing to their situational
awareness and enabling them to detect and avoid potential
mid-air collisions between their UAs and manned aircratft.

In the case of losing this service, the UA remote crew
loses their ability to monitor manned traffic in proximity to
their UA. Consequently, their ability to detect and avoid
manned aircraft, which is considered as a main protection
against the air risk, becomes impaired and/or completely
inefficient. This is particularly impacting when the UAS
operation is conducted in a BVLOS mode (i.e., Beyond
Visual Line Of Sight). The described failure results hence in
a direct exposition of the UA to the risk of a mid-air
collision with manned aircraft.

To assess the safety impact of this failure on the
operational environment, three independent propagation
scenarios were analysed as shown in Figure 5.

The first scenario considers the case of UAS operations
conducted in a VLOS mode. In this type of operations, the
avoidance of mid-air collisions with manned aircraft is
assumed to be fully achievable by the UA remote crew
using their human vision only. Consequently, the safety of
operations is not expected to be impacted by the loss of
manned aircraft positions in the vicinity of their UAs.

The second scenario concerns BVLOS operations, where
the use of external services for the provision of manned
traffic positions has a significantly higher impact on the
situational awareness of the remote crew. In this scenario, it
is assumed that emergency recovery procedures (e.g.,
immediate landing procedures, Return To Home procedures,
procedures for controlled crash, etc.) are available and can
be applied by UAS remote crews to mitigate such cases.
These procedures are generally defined by UAS operators
and are intended to be used in “emergency” situations to
ensure a safe termination of UAS operations. Based on that,
this scenario will lead to protecting the UA against its
operation air risk. However, the occurrence of this
unexpected emergency situation may result in a physical
discomfort of the UAS remote crew, which is related to a
severity S4 in the table of reference severities.

The third scenario, also addressing BVLOS UAS
operations, represents the case where no efficient
emergency recovery procedures are available. This may be
related to the absence of defined emergency recovery
procedures to apply, the existence of defined emergency
recovery procedures that are not efficient at ending safely
UAS operations, or even the existence of defined emergency
recovery  procedures that have  safety-impacting
dependencies with the failing external service. In all the
mentioned cases, the emergency recovery procedures are
considered to have no mitigating effect on the air risk of the
UAS operations. As a consequence, the UA will be exposed
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directly to its operation ARC and the final outcome of this
scenario will vary accordingly.

Severity 35

Implies

The flight crew
monitors manned
aircraft using human
vision

The UA will be A physical discomfort
exposed o its of the flight crew may
operation air risk result

Absent or inefficient Emergency recovery

emergency recovery procedures are
procedures to end applied to end safely
safely the operation the operation

1 r
%

Use of smergency
procedures

[The flight crew cannot]
monitor manned
traffic in proximity fo
their UA

Sesnarioin Scenario in
vLos ElEE

Implies
|

Total loss of manned
aircrait positions

Figure 5. Graphical Representation of The Application Case

B.  Assumptions of The Analysis

To illustrate efficiently the method presented in this
paper, it is important to present a readable application case,
that furnishes simple yet expressive scenarios, without
including details that are irrelevant to this context. To
achieve this vision, a set of assumptions were established to
simplify the presented scenarios:

- It is assumed that a VLOS mode of sight is
considered to be an acceptable tactical mitigation for
collision risk for all ARC levels. This is supported
by AMC 1, Article 11, Section 2.4.4.1 (a) in [5],
applicable in the European context.

- It is assumed that the operational procedures and/or
technical tools used by the UAS remote crew to
mitigate the residual ground risk of their operation
and to avoid collision with other UAs, do not rely on
the failing service or have any other safety-
impacting dependencies with this one that can affect
their usability or efficiency.

- It is assumed that the operational procedures and/or
technical tools used by the UAS remote crew to
mitigate the residual ground risk of their operation
and to avoid collision with other UAs, continue to be
used to mitigate these risks during the execution of
an emergency recovery procedure.

- It is assumed that the execution of an efficient or
inefficient emergency recovery procedure cannot
induce an increase of the ground risk.

- It is assumed that the execution of an inefficient
emergency recovery procedure cannot induce an
increase of the air risk.

VI. CONCLUSION AND FUTURE WORK

As detailed above, this paper presents a methodology that
uses the principles of the SORA to assess the safety of UTM
systems. This is achieved through:

- the establishment of a severity matrix which defines

a list of possible severity levels that can be achieved
in the case of an unsafe execution of a UAS
operation.

- The development of transfer functions that associates
the risks of UAS operations (i.e., ground and air
risks) to the commensurate severity levels.

This methodology is intended to help UTM system
manufacturers in fulfilling the regulatory requirement of
demonstrating the safety of UTM systems, as in the
regulation (EU) 2021/664 for instance.

In fact, the provided transfer functions, associating
ARC/GRC/SAIL metrics to severity levels, enable a
straightforward conversion of these metrics into adequate
final outcomes with determined severities. This represents a
smooth integration of the SORA outputs into traditional
safety risk assessment methods (e.g., Functional Hazard
Analysis FHA). In addition, the employment of the SORA
concepts here is intended to provide more harmonisation
between the practices of system manufacturers and those of
UAS operators, as the proposed methodology recalls the
same concepts used on the UAS operator side. This will
enable more interoperability between safety assessments
produced on both sides. Also, the SORA brings the
advantage of being a methodology already recognised and
integrated as a UAS-specific safety risk assessment tool in
several regions of the world.

It is important to note, when using the transfer functions,
that the ARC/ GRC/ SAIL values used in the safety
assessment of a UTM system shall have no safety-impacting
dependencies with that UTM system. In fact, the SORA
methodology enables the consideration of potential
mitigations means for risk reduction, which influences the
values of ARC/ GRC/ SAIL. On the other hand, the
methodology proposed in this article uses the ARC/ GRC/
SAIL metrics to evaluate the safety risk related to a UTM
system. Therefore, for a correct risk evaluation within the
proposed method here, the ARC/ GRC / SAIL values shall
not consider the UTM system as a risk reduction means.

On another level, the transfer functions between the SORA
metrics (i.e., ARC, GRC, SAIL) and the end severities are
established using expert-informed heuristics derived from
domain expertise and the current state-of-the-art. This
deliberate choice is considered as more compatible with the
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operation-centric nature of the SORA. It also enables an
easier understanding by safety practitioners and a simpler
integration into their safety assessments. Iterative hardening
is undoubtedly necessary in future enhancements of the
methodology to move toward full industrial maturity. The
growing industrial experience on UTM is also expected to
help align the methodology with variables like the overall
target level of safety for UAS operations, the assumptions
made on the operational environment and the weight of
operational parameters in the estimation of the end
severities. These variables may be impacted due to the
evolution of the operational framework of UTM, but also as
a result of the growing return on experience on UTM
operations.

As for the safety objectives that could be allocated to
UTM systems based on each severity level, these are
considered outside the scope of the proposed method. This
choice is retained as the establishment of safety objectives
for severity levels is difficult to generalise for all UTM
systems. In fact, this relationship depends on several factors,
including but not limited to: the Target Levels of Safety
(also TLS), the contribution of UTM systems to the
occurrence of undesired events and the complexity of UTM
systems.

Moreover, this methodology does not address the risk of
collision between UAs. Consequently, to perform an
exhaustive safety assessment of a UTM system, the
application of this methodology should be complemented
with additional tools to cover this type of risk. One avenue
for future work is to integrate the risk of collisions between
UAs. This would allow UTM system manufacturers to
cover the most significant safety risks associated with their
systems through a single consistent methodology.

Ultimately, the deployment of the presented methodology
in an industrial context is expected to be a gainful use on
several aspects, when used within its applicability
conditions.
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