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The only Zen you find on the tops of mountains is the Zen you bring up there.
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Summary

Safety Risk Assessment of
Unmanned Aircraft System Operations for
Urban Air Mobility

Chengpeng Jiang

Technology developments has enabled Unmanned Aircraft System (UAS) to be
adopted for various applications, including Urban Air Mobility (UAM) — an air transportation
system for passengers and cargo in and around urban environments. The operations of UAS in
urban environment inevitably raises concerns about the safety impact of UAS.

The operational characteristic of UAS is largely different from the conventional
commercial aviation. which brings novel safety issues for which the safety learning process
has just started. To address these novel safety issues of UAS operations, it is essential to
systematically study them within a formal setting of safety risk assessment.

Safety risk assessment involves a process that comprises risk indicators, risk analysis
and risk evaluation. In recent years, regulators and researcher have dedicated significant efforts
to developing risk assessment for UAS operations. These approaches are largely adopted from
safety risk assessment of commercial aviation. However, it is essential to recognize that UAS
operations have large differences with commercial aviation. Therefore there remains
shortcomings and improvements to be made to the risk assessment of UAS operations.

This thesis addresses the further development of risk assessment methods for UAS
operations for Urban Air Mobility (UAM). The main risk posed by UAM is third party risk
(TPR) posed to people on the ground. Therefore, the focus of this thesis is on improving risk
assessment methods for ground TPR.



The first study focuses on the TPR indicators for UAS operations. Based on these TPR
indicators of commercial aviation, novel TPR indicators and nine separate third party fatality
terms are identified. Subsequently, current UAS regulations are evaluated regarding their
coverage of these nine third party fatality terms. By doing so, the research provides a more
comprehensive understanding of the overall third party risk posed by UAS operations.

The second study aims to develop a safety risk assessment method for the novel ground
TPR indicators proposed in the first study. To achieve this, a Monte Carlo simulation based
risk assessment approach is proposed and applied to a hypothetical UAS urban parcel delivery
case. The results show that the proposed annual ground TPR model and indicators provide an
accumulated understanding of the risk posed to people on the ground. The non-negligible level
of uncertainty in the models adopted highlights the need for further development of more
accurate sub models for UAS ground TPR assessment.

The third study aims to improve the accuracy of the common ground TPR model, where
a key limitation lays in the assumption that the product of impact PoF and size of impact area
are independent of each other. To address this, an improved characterization is developed and
evaluated using dynamical simulation of MBS model of a UAS impacting a human body. The
comparison of the novel approach to existing approaches shows significant advantages of the
novel developed approach.

The fourth study applies the novel approach developed in the third study to an urban
parcel delivery UAS, weighting 15kg, equipped with airbag and parachute. A key motivation
is that existing models do not address the risk mitigating effects of equipping a UAS with a
combination of airbag and parachute. For the UAS equipped with an airbag Multi Body System
(MBS) and Finite Element (FE) models are developed. Subsequently, these models are used to
assess ground TPR for different cases with and without airbag and parachute. This analysis
show that the method developed in the third study is able to quantify the risk reducing effects
of the combination parachute and airbag.

The four interrelated series of studies have developed novel insights and methods in
Third Party Risk assessment of UAS operations. These novel insights and methods can provide
enhanced safety feedback to a UAS design process, and can stimulate further development of
UAS regulation.
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Introduction

This chapter provides an introduction to UAS operations for Urban Air
Mobility, safety issues and safety risk assessment of UAS operations. It describes
the thesis focus, overall aim and objectives. Furthermore, the thesis overview will
be clarified by means of short chapter descriptions which explain how each
individual chapter is linked to the overall research.



1.1 UAS Operations for Urban Air Mobility

An Unmanned Aircraft (UA), also called Unmanned Aerial Vehicle (UAV) or drone is
an aircraft flown without a pilot-in-command on-board. A UA is either remotely and fully
controlled from another place (ground, another aircraft, space) or programmed and fully
autonomous [ICAO, 2005]. When piloted remotely, an UA and its associated elements are
referred to as an Unmanned Aircraft System (UAS) [ICAO, 2011]. The UAS with take-off
weight less than 25 kg is referred to as Small Unmanned Aircraft System (SUAS) [FAA, 2023a].

New technologies such as the enhancement of battery technologies and electric
propulsion as well as major investments made into start-ups have enabled the advancements in
UAS technology and increased accessibility to UAS. The adoption of UAS has rapidly
increased in recent year for a variety of applications, e.g. recreation, aerial photography,
agriculture. For recreational use, UAS are becoming more accessible to hobbyist, allowing for
individuals to capture unique photographs and videos. UAS equipped with high-resolution
cameras and sensors have revolutionized the field of aerial photography. UAS can capture
images and data from previously inaccessible or dangerous locations, providing valuable
information to various industries. The technology has been widely used in fields such as real
estate, environmental monitoring, inspection and journalism. For example, in agriculture, UAS
have become increasingly useful in crop monitoring and pesticides spraying; this helps farmers
to optimize crop yields, reduce costs, and minimize environmental impact [Merz et al., 2022].
A safety improvement application example is employment of UAS for surveillance in support
of the analysis and mitigation of disaster risks for safety-critical industrial sites [Aiello et al.,
2020].

The capability of UAS to transport payloads, has facilitated the development of new
UAS for Urban Air Mobility (UAM) — defined as an air transportation system for passengers
and cargo in and around urban environments [EASA, 2021]. In recent years, UAS have been
employed for UAM applications such as medical services, parcel delivery and passenger
transport. Companies like Zipline [Zipline, 2023], Antwork [Antwork, 2023], Matternet
[Matternet, 2023] are exploring the use of UAS in delivering medical supplies and providing
emergency medical services, improving response times and saving lives. UAS are also used for
parcel deliveries to customers [JD, 2017; Amazon, 2023; Wing, 2023]. This technology
promises to revolutionize the delivery industry, reducing delivery time and cost while
increasing efficiency. Companies like Airbus [Airbus, 2023], Ehang [Ehang, 2023] and
Volocopter [Volocop, 2023] have designed UAS for passenger transport. The potential benefits
of UAS passenger transport include reducing traffic congestion, faster travel times, and
improving accessibility to remote or hard-to-reach areas.

Depending on the design and application, UAS can range from a small unit to the size
of a small aircraft, and can be employed in low altitude and urban environment, as well as in
high altitude airspace integrated into conventional air transportation system. The estimated
market size of UAM in Europe, including R&D, vehicle manufacturing, operations and
infrastructure construction, will be approximately 4.2 billion EUR in 2030 [EASA, 2021]. FAA
forecasted that by 2025, the yearly number of recreational and commercial UAS usage in the
USA can reach 2-3 million flights per year [FAA,2021]. However, concerns have been raised
about the impact of increasing UAS operations on society. Public and future UAM users’
confidence and acceptance will be critical. Issues such as public safety, noise pollution, and
privacy invasion have been identified as main factors in the societal acceptance of UAS
operations. Among these issues, safety concerns come first. On the other hand, it is also shown
that the public trust the conventional manned aviation safety levels and would be reassured if
these levels were met by UAS operations [EASA, 2021].
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Conventional manned aviation has reached a high level of safety [NTSB, 2021]. This is
the result of decades of experience with, and lessons learned from safety events; these have
strongly influenced several safety-critical processes, such as aircraft design, aircraft
maintenance, air traffic management (ATM), and certification processes. The introduction of
UAS into the system brings novel safety issues for which the safety learning process has just
started. Novel safety issues will be posed by UAS operations with large volumes, of different
aircraft types and sizes performing various tasks, and with close proximity to people. The
performance envelopes of UAS also greatly differ from those for which today’s air traffic
procedures were designed [EUROCONTROL, 2018]. A significant challenge for regulatory
authorities is the lack of well understanding of the novel safety issues posed by UAS operations.
Therefore, to safely integrate UAS into our society, it is important to improve the understanding
of novel safety issues posed by UAS operations.

1.2 Safety Issues of UAS Operations

Safety issues related to UAS operations can be caused by various factors, including
UAS malfunctions, operator errors and environmental conditions. These factors can result in
accidents such as UAS collisions with other aircraft or objects, as well as crashes of the UAS
to the ground.

In considering the safety issues for UAS operation, it is important to take into account
the different parties involved. In terms of societal acceptance, different parties have varying
perceptions regarding their involvement with an operation, as well as the benefits and harms
associated with it. This is especially important in determining the safety criteria or thresholds
that should be adopted for specific operations. Understanding the perspectives of different
parties and their respective safety concerns can help regulatory authorities to establish
appropriate safety regulations and guidelines for UAS operations. The types of parties involved
in UAS operations are [Clothier et al., 2018]:

- First parties, consisting of people and property directly associated with the operation;

- Second parties, consisting of people and property not associated with UAS operation,
but directly derive benefit from the operation;

- Third parties, consisting of people and property not associated with, nor deriving
direct benefit from the UAS operation.

First parties include the UAS operator and observer, as well as UAS itself. Unlike
manned aviation that has crew members on-board, the first party individuals of UAS operation
are not on-board and hardly exposed to the safety issues of UAS. Therefore the main
consideration for the first party safety issues is the UAS itself.

Regarding second parties, UAS operations can be divided in two types: those with and
without passengers on board. For UAS without passengers on board, the second party
encompasses people and property being served by the UAS, such as infrastructure being
inspected and people receiving delivery packages. In these cases, the safety concerns mainly
revolve around property damage or injury to people in close proximity to the UAS. In contrast,
for UAS with passengers on board, such as autonomous air taxi, the second party individuals
on board are highly exposed to the UAS safety issues, which are at an equivalent level of
conventional aviation. Safety issues for UAS operations with passengers on board include
collision with other aircraft, malfunction of the UAS, and adverse weather conditions.



Regarding third parties, UAS can be divided in two types: those operating in segregated
airspace and those integrated with manned aviation. For UAS operation in segregated airspace,
the main safety issue is related to people and property on the ground. For UAS operation
integrated with manned aviation, a significant additional safety issue is collision with other
manned aircraft or with UAS carrying passengers on-board. Complementary to first, second
and third party safety issues, UAS operations also create other societal issues, such as noise
hindrance, as well as privacy and security issues [EASA, 2021].

In order to better understand and address these safety issues, it is essential to
systematically study them within a formal setting of safety risk assessment.

1.3 Safety Risk Assessment

Safety risk assessment involves a process that comprises risk indicators, risk analysis
and risk evaluation. The aim of the analysis part is to examine the safety risk of a safety-critical
operation using domain-specific risk indicators. Subsequently, in risk evaluation, the outcomes
of the risk analysis are compared against predefined risk criteria. If the level of risk exceeds the
risk criteria, risk mitigation strategies can be developed and implemented to reduce the risk to
an acceptable level.

Safety Risk Analysis

Safety risk analysis of a safety-critical operation typically addresses the following three
questions [Rausand, 2011]:

i.  What may happen? (Hazards)
ii. What is the likelihood of happening? (Probability)
iii. What are the consequences? (Severity)

Safety risk analysis is a process to answer the above questions, i.e. to identify hazards, to
evaluate the probability and severity of the hazards of a safety-critical operation. Probability
and severity of a safety-critical operation are commonly measured in terms of well-developed
safety risk indicator.

The overall risk R of an operation satisfies a summation over all hazard types:

R:ZP{h}-Rh
h

where P{h} is the probability of hazard type h, and R), is the conditional risk given hazard
type h.

This equation shows that there are two approaches in conducting a safety risk analysis:

i. To quantify P{h} and R, per hazard type, followed by a summation over all hazard
types;

ii. To develop a model of the operation that covers all hazard types, and to use this
model to quantify the overall risk R of the operation.

Both approaches are in use for commercial aviation. The first approach is common practice
in airworthiness certification, e.g. [FAA, 2011]. The second approach is common practice in
mid-air collision risk quantification [ICAO, 2002].



Safety Risk Indicators

The definition of R follows from the specific choice of Safety Risk Indicator(s). A risk
indicator is defined as a mathematical function of the probability of an event and the
consequences of that event [Jonkman et al., 2003]. In commercial aviation, examples of
safety risk indicators are “probability of accident per operation”, “probability of fatal accident
per operation” [Boeing, 2022; IATA, 2022; NTSB, 2021] and “probability of Mid Air
Collision (MAC) per operation” [ICAO, 2002], with “operation” referring to “flight” or
“flight hour”

Safety Risk Criteria

Outcomes of a safety risk analysis for relevant risk indicators are then compared with risk
criteria established by regulatory authorities. Each safety risk criterion applies to a specific
safety risk indicator. There are two approaches in defining safety risk criteria: i) for overall
risk R, and ii) for the combination of P{A} and R, per hazard type.

The establishment of risk criteria forms a comprehensive process, requiring regulatory
decisions that are based on research contributions and public feedback. An implicit part of
this process is to select the right safety risk indicators and to develop method for their safety
risk analysis.

1.4 Existing UAS Safety Risk Indicators, Criteria and Analysis

In this section, the existing UAS safety risk indicators, criteria, and analysis methods
are reviewed. Also, a review is given how these are used in regulatory UAS safety risk
assessment frameworks.

UAS Safety Risk Indicators

In UAS literature [e.g. Clothier et al., 2007; Melnyk et al., 2014; la Cour Harbo, 2019; la
Cour Harbo and Schider, 2019; Kim, 2019] and regulations [JARUS, 2015, 2019; FAA,
2019], safety risk indicators for UAS operations have been identified for two types of safety
risk: i) air risk, and ii) ground risk. Air risk is the safety risk posed by UAS to other flights
(UAS, commercial aviation, or general aviation). Ground risk is the safety risk posed to third
parties on the ground.

Regarding air risk, for overall risk of UAS operations, the developed safety risk indicators
are:

- “Probability of losing detect and avoid functions per UAS flight hour” [JARUS,
2015];

- “Probability of Mid Air Collision (MAC) with other aircraft (manned or unmanned)
per UAS flight hour” [JARUS, 2015];

- “Probability of MAC with manned aircraft per UAS flight hour” [JARUS, 2017; la
Cour Harbo and Schider, 2019].

In support of a UAS airworthiness certification process, [FAA, 2019] has adopted safety risk
indicators per hazard type, where the severity includes possible fatalities on the ground.

Regarding ground risk, only one common safety risk indicator has been adopted: the
“Expected number of ground fatalities per UAS flight hour” [Clothier et al., 2007; Melnyk et
al., 2014; Breunig et al., 2018; JARUS, 2019; Kim, 2019; la Cour Harbo, 2019].



UAS Safety Risk Criteria

For UAS operations, a widely used principle in deriving UAS safety risk criteria is Equivalent
Level of Safety (ELOS). The ELOS principle is to use statistical accident data from
commercial aviation to set risk criteria value for UAS operations. This means that for ELOS
two steps have to be adopted: 1) to choose a suitable Risk Indicator; and 2) to identify
requirements or accident statistics from commercial aviation that allow to assess the Risk
Criteria for the safety Risk Indicator from step 1).

Regarding air risk, for the risk indicator “Probability of losing detect and avoid functions per
UAS flight hour”, the risk criterion is commensurate with that of a large transport aircraft,
giving a probability of 1077 per UAS flight hour [JARUS, 2015]. For the risk indicator
“probability of Mid Air Collision (MAC) with other aircraft (manned or unmanned) per UAS
flight hour”. Risk criterion of 10~° per UAS flight hour is used. [JARUS, 2015].

Regarding ground risk, for the risk indicator of “expected number of fatalities per UAS flight
hour”, risk criterion values have been assessed from historical involuntary ground fatalities
in conventional commercial aviation [Grimsley, 2004; Clothier and Walker, 2006]. This leads
to risk criterion values ranging from 107° to 7.6 x 1078 fatalities per UAS flight hour; the
lower value has been proposed by [JARUS, 2017].

UAS Safety Risk Analysis

Regarding air risk analysis, [la Cour Harbo and Schider, 2019] proposed a quantitative
method to analyse the probability of MAC between UAS and General Aviation (GA) aircraft.
The method assumes that flight directions and geographical positions of UAS and GA aircraft
are uniformly distributed in the predefined area. The probability of MAC is determined based
on product of four terms: the probability of horizontal collision, the probability of vertical
collision, the probability of GA aircraft operating below altitude threshold and the
effectiveness of mitigations.

Regarding ground risk analysis, one quantitative method has been developed [Clothier et al.,
2007; Melnyk et al., 2014] and widely adopted [Ancel et al., 2017; Bertrand et al., 2017; la
Cour-Harbo, 2019; Primatesta et al., 2020; Shao, 2020]. This method evaluates ground TPR
using a product of five terms: UAS failure rate, population density of the overflown area,
probability of ground person being sheltered, size of the impact area of the crashing UAS,
and the Probability of Fatality (PoF) in case a human is hit in the impact area.

Analytical sub-models have been developed for each of these five terms. For the UAS failure
rate, various models have been developed, such as Fault Tree Analysis (FTA) [Reimann et
al., 2014], Failure Modes Effects Analysis (FMEA) [Freeman et al., 2014], Bayesian Belief
Network (BBN) [Barr et al., 2017, Han et al., 2022], and Petri nets [Goncalves et al., 2017].
Accident reports [Schaefer, 2003] and expert knowledges [Murtha, 2009] are also used for
the estimation of UAS failure rate. For the crash impact area, the models vary from a weight-
based area model [Ale and Piers, 2000], to a planform area model [Weibel & Hansman, 2004],
and a gliding area model [RCC, 2001]. For the PoF of impact, one model stems from the
injury model derived from explosive [RCC, 2000, 2001]; another model stems from blunt
force experimental data [Magister, 2010]. The models adopted for impact PoF and crash
impact area produce a large variation of outcomes [Melnyk et al., 2014; Washington et al.,
2017].

Regulatory UAS Safety Risk Assessment Frameworks

Regulators had to adopt UAS risk assessment frameworks while research is ongoing. Existing
UAS regulatory frameworks distinguish low-risk, medium-risk, and high-risk UAS
categories. In Europe, these are defined as Open, Specific and Certified categories
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respectively [EASA, 2015]. In USA, these are defined as Recreational, Under Part 107 rule
and Advanced categories respectively [FAA, 2023b]. The high-risk category includes UAS
that pose a level of risk similar to manned aviation. The medium-risk category typically
addresses UAS, often weighting less than 25kg, for which risk assessment is needed. For the
low-risk category UAS, no risk assessment is required.

For the high-risk categories of UAS operation, risk indicators and analysis methods from
airworthiness certification process of manned aircraft are adopted [NATO, 2007; JARUS,
2015; FAA, 2019]. [JARUS, 2015] adopts risk criteria from conventional commercial aircraft
for equivalent classes of UAS. [FAA, 2019] and [NATO, 2007] adopt for airworthiness
certification a matrix from commercial aviation, showing combinations of frequency and
severity that define hazard types to be acceptable or not.

For medium-risk categories of UAS operation, [JARUS, 2019] developed the Specific
Operations Risk Assessment (SORA) method. Both for air risk and ground risk, SORA
adopts qualitative assessment approaches.

1.5 Discussion and Focus of The Thesis

Although significant research has been dedicated to developing risk indicators, risk
criteria and risk analysis methods for UAS operations, need for further improvements remain.
These needs are discussed below; first for safety risk indicators, then safety risk analysis, and
finally for safety risk criteria.

Regarding safety risk indicators, there are two important shortcomings:

- Existing UAS ground risk indicators do not take into account that the risk posed to
persons at a specific ground location, depends on the annual amount of UAS
overflying this specific location.

- Existing UAS air risk indicators do not differentiate between UAS with or without
on-board passengers.

Regarding safety risk analysis, different limitations apply to ground risk and air risk.
The common model adopted for ground risk has important limitations:

- One notable drawback is the lack of validation of the developed sub-models for UAS
impact.

- Furthermore, it is shown that there is a significant diversity in the parametric models
for impact PoF and for crash impact area [Melnyk et al., 2014; Washington et al.,
2017].

- In recent years, researchers have started to utilize dynamical modelling and
simulation approach for impact risk analysis, employing Finite Element (FE) model
[Koh et al., 2018; Arterburn et al., 2017, 2019; Weng et al., 2021] and Multi Body
System (MBS) model [Rattanagraikanakorn et al., 2019, 2020a,b, 2022]. The
dynamical simulation has demonstrated the ability to produce risk results that align
with experimental tests. However, these dynamical simulation approaches remain to
be integrated with risk analysis.



For air risk, safety risk analysis methods do not make proper distinction between second
and third parties in the air. Similar as for ground risk, an additional shortcoming is that
the annual number of UAS flights in an airspace area are not considered in the existing
safety risk analysis methods. The importance of both shortcomings will increase with
the future expected increase of passenger UAS flights.

Regarding safety risk criteria, the existing ones consider for UAS operation only the
unit of UAS flight hour. Similarly, as has been identified for safety risk indicators and
safety risk analysis, this poses important limitations regarding air risk and ground risk.

It can be concluded that existing UAS safety risk assessment approaches are largely
adopted from airworthiness certification and ground fatality statistics per flight hour of a
conventional commercial aircraft. However, it is essential to recognize that UAS operations
have large differences with commercial aviation in terms of aircraft characteristics, operation
environment, task types, and commercial incentives to operate in urban areas.

1.6 Overall Aim and Objectives of This Thesis

This thesis addresses the further development of risk assessment methods for UAS
operations for Urban Air Mobility (UAM). Future UAM is expected to involve high operational
volumes in urban areas. The main risk posed by UAM is third party risk (TPR) posed to people
on the ground. Therefore, the focus of this thesis is on improving risk assessment methods for
ground TPR. During the thesis work, it was found that relevant experimental data was available
for small UAS; for this reason, the application examples typically are for small UAS.

From a research perspective, it is important to gain an in-depth understanding of existing
literature on safety risk of UAS operations, and to further improve this understanding for UAS
operations in urban environments. This improved understanding of safety risk of UAS
operations will provide regulators and other parties with enriched information in further
improving the regulatory framework. Therefore the overall aim of this thesis is:

To improve the understanding and analysis of safety risk posed by
UAS operations for UAM

To achieve this overall aim, a series of objectives are addressed in the subsequent chapters:

Objective 1: To identify TPR indicators for UAS operations

In literatures TPR indicators for UAS operations are not yet well established. In
commercial aviation such TPR indicators has been well developed in the form of individual
risk and collective risk. As UAS is a new type of operation integrated into the conventional
airspace, it is logical to extend the TPR indicators from commercial aviation to UAS operation.

Objective 1 is addressed in Chapter 2. Firstly, reviews are made of existing TPR
indicators in use for annual commercial flights around an airport. Based on these TPR indicators
of commercial aviation, novel TPR indicators and nine separate third party fatality terms are
identified. Subsequently, current UAS regulations are evaluated regarding their coverage of
these nine third party fatality terms. The conclusion is that for most current regulations the nine
third party fatality terms are partially covered, and none of them consider the accumulation of
risk by multiple UAS flights.



Objective 2: To develop a safety risk assessment approach for the novel ground TPR
indicators identified in chapter 2

Literature on safety risk analysis primarily focuses on ground TPR posed by a single
UAS flight. However, as shown in chapter 2, there is also need for indicators of ground TPR
that are posed by multiple UAS flights over a specific area during a given time period, such as
a year. Objective 2 is to develop a safety risk assessment method for these novel ground TPR
indicators, and to illustrate its application to a UAS based parcel delivery operation.

Obijective 2 is addressed in Chapter 3. A Monte Carlo simulation based risk assessment
approach is developed for the indicators of ground TPR that are posed by the annual UAS flights
over a given area. This simulation-based assessment method is applied to a hypothetical UAS
urban parcel delivery case, and compared to ground TPR of a single UAS flight. The results
show that from a societal perspective, the proposed annual ground TPR model and indicators
provide an accumulated understanding of the unsafety posed to people on the ground, rather
than the established UAS flight hour oriented ground TPR indicator.

Objective 3: To enhance the commonly adopted ground TPR model and its assessment
through dynamical simulation of a Multi Body System (MBS) model

A key limitation of the common ground TPR model is the assumption that the product
of impact PoF and size of impact area are independent of each other. This assumption is not
valid, as the laboratory controlled impact experiments have shown that the impact PoF is highly
dependent of the impact geometries between UAS and human [Arterburn et al, 2017;
Campolettano et al., 2017; Koh et al., 2018; Arterburn et al., 2019]. To address this limitation,
there is a need for an improved mathematical model for UAS TPR.

Objective 3 is addressed in Chapter 4. An improved characterization is proposed, that
replaces the product of crash impact area and impact PoF with an integration over risk values
for different locations of a human relative to the UAS crash centre, and taking into consideration
of various impact geometries (UAS attitude, human face direction, etc.). The proposed model
is evaluated using dynamical simulation of MBS model of a UAS impacting on human body.
The comparison of proposed model to common model results shows that the common model
overestimates the risk up to two orders in magnitude.

Objective 4: To evaluate the effect of risk mitigation measures implementing the enhanced
TPR model with dynamical simulation approach

UAS operations are considered not (yet) safe enough to be allowed to operate in urban
areas with high population density. To abridge this safety gap, further UAS developments have
been proposed, such as designing more reliable UAS, risk aware path planning, and use of risk
mitigation measures of parachute and airbag. Among the developments, the effect parachute
combined with airbag haven’t been explored. Such exploration becomes possible wit