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Preface

The Design Synthesis Exercise is the final hurdle within the Aerospace Engineering Bachelor at Delft Univer-
sity of Technology. In light of global events, this year saw a rather different final project, thereby presenting
new challenges for the team to overcome. After ten weeks of intensive research and design, this report shows
the culmination of the team’s efforts.

We were presented with the opportunity to contribute to the examination and monitoring of aviation’s en-
vironmental impact with a focus on near-airport communities. Our system, CARES (Communities near-
Airport Remote Environmental Sensing), is able to measure noise and air quality metrics of aircraft in three
dimensional space and time. We hope that CARES will someday help in the reduction of this impact and
serve a value and purpose within the scientific community.

We would like to thank our tutors Dr Ir Mirjam Snellen and Dr Irene Dedoussi as well as our coaches Ir
Lorenzo Pasqualetto Cassinis and Ir Mark Schelbergen for their academic input, guidance and support
throughout the project. Finally, we would like to extend our gratitude to the OSCC and OSSA, specifically
Daniel Martini Jimenez, for their time and effort devoted to the Design Synthesis Exercise.
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Executive Summary

Modern aviation is a key �gure in today's society's growing globalisation, providing a fast and reliable means
of transportation. With an expected growth of 42% in the number of �ights from 2017 to 2040 [13], the avi-
ation sector will provide a consistently growing demand for employment, increasing the regional develop-
ments by attracting activities and investments.

Apart from the growing threat of Earth's climate change, sustain-
ability is one of the biggest challenges for the aviation industry in
the twenty-�rst century. Over the next three centuries, the Euro-
pean Union Aviation and Safety Agency (EASA) has identi�ed the
six most important aspects, shown in �gure 1, which must be tack-
led to achieve decarbonisation by 2050 and to provide sustainable
aviation for future generations.
To understand how aviation impacts the environment, being able
to measure aviation's environmental footprint is key in improving
the scienti�c understanding of how the long term effects of aircraft
emissions affect human health. While it is known that chemical
compounds such as nitrogen oxides NO x, carbon monoxide CO or
particulate matter PM have adverse health effects, the scienti�c un-
derstanding of the long term effects of aircraft emissions is still not
perfect.

Figure 1: Sustainability aspects considered to
achieve decarbonisation by 2050.

Although ground-level monitoring systems exist and are already in operation, they are unable to quantify
the emissions of aircraft types as they cannot distinguish between different sources. Computational models
on the other hand currently do not re�ect reality in many cases as they primarily rely on assumptions rather
than validated data. The predicted results are therefore considered untrustworthy. With the forecast of
aviation's development over the next 20 years, airports, local communities and policymakers demand better
ways of monitoring the environmental impact of aircraft to enable a constructive discussion on regulatory
and other mitigation strategies.

Mission Need Statement

The growing environmental footprint of modern aviation requires improved ways to mitigate the
impact of noise and air pollution on near-airport communities.

From the need statement, a more speci�c project objective can be formulated for the Design Synthesis
Exercise 2020, conducted at the Delft University of Technology.

Project Objective Statement

Design an autonomous, mobile, near-real-time monitoring system, able to distinguish emissions
between aircraft and external sources using commercial off-the-shelf components within a budget
of e 25000 with 10 students in 10 weeks.

Conceptual Design Following the concept generation in the baseline report [2], the concepts shown be-
low were investigated in the midterm report [3]. For the comparison, cost of operation, performance, pay-
load application, risk and sustainability were analysed and concept 2, the coaxial octocopter, emerged as
the most suitable concept for this mission requirements.
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0. Executive Summary

Concept 1: Helium Airship

The helium airship is a type of aerostat which generates lift from a lifting gas that
is less dense than the surrounding air. Helium was chosen over hydrogen as it
has the same lifting capacity while not being �ammable. To increase the inher-
ently poor manoeuvrability, four electric-driven propellers are added around the
airship.

Concept 2: Coaxial Octocopter

The coaxial octocopter is a type of drone which has outstanding manoeuvrability
and high redundancy due to the coaxial propeller con�guration. This con�gura-
tion can maximise the produced thrust for the limited geometrical design space
of 2 m, increasing the maximum payload, and offering increased stability perfor-
mance due to the torque cancellation of the blades.

Concept 3: VTOL Flying Wing

The VTOL �ying wing is a hybrid con�guration combining a conventional
aircraft-style con�guration with one tail-propeller for horizontal propulsion and
three electric-driven propellers integrated into the frame of the system for verti-
cal propulsion. Since the system can rely on wing-generated lift, the endurance
is highly increased and the VTOL capabilities allow for easier operation.

Detailed Design With the �nal concept chosen, the mission and the associated operations were de�ned.
For each mission, the system will operate in a cylindrical volume with a radius of 5 km and a height of 40 m.
The radius of the measurement volume was set based on [43], which examined the environmental costs of
aviation near airports and correlated the costs to the exposed noise and air pollution emissions.
During each mission, the system will generate a measurement grid which divides the volume into a rect-
angular mesh with equidistant nodes of 150 m. Measurement will be taken at each grid node. To maximise
the operational time of the system, the autonomous navigation system will perform path planning and geo-
caging algorithms to plan the optimal route while staying clear of any active runways and incoming/leaving
aircraft. With a measurement duration of 21 days to cover the entire volume, smaller submissions are de-
�ned which are executed daily, as shown by the different colours in the �gure 2 below.

(a) Measurement radius around the centre of Schiphol airport (b) Segregated volume showing the individual submissions and the
geo-caging around active runways.

Figure 2: Measurement Volume for Schiphol Airport

To gather the necessary measurement data at each grid node, both air pollution and noise sensors have
been selected. The sensors have been selected based on the estimated measurement ranges. These ranges
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0. Executive Summary

were derived from the Gaussian plume model for which the emission indices and air quality measurements
around Schiphol airport were used. To simply the data-processing of the different signals, electrochemical
sensors from Alphasense have been chosen except the ultra-�ne particle sensor. Rather than an electro-
chemical sensor, this sensor is a condensation particle counter which will be provided by Naneos. The
electrochemical sensors will be placed in two sensor housings, each box having the same con�guration to
increase the measurement redundancy of the system.
To measure the different noise levels, MEMS microphones were chosen which can measure frequencies be-
tween 6 Hz and 20 kHz. Eight of these microphones will be placed around the sides of the frame, having two
microphones on each side.

During operations, the system will generate two levels of data for the client. Next to the raw measurement
data which includes the air pollutant concentrations, particulate matter histograms and sound spectro-
grams, the system will generate emissions metrics. Based on the measured species concentrations and
weighted noise values for distinct spatial and temporal measurement points the system will generate four-
dimensional emission metrics. To receive information about points of interest which have not been mea-
sured, advanced interpolation using radial basis functions will be used.
To generate these metrics ef�ciently, full autonomy was achieved using a combination radar, GPS-RTK and
stereo vision which will be integrated into the Pixhawk autopilot system. Using the radar modules, the sys-
tem will be able to detect and avoid obstacles while the autonomously landing will be performed using
square markers (ArUco markers) which are detected by the stereo vision. Once on the ground, the system
will charge autonomously using a battery replacement system inside the ground system. As the drone will
also �y close to operating aircraft, an emergency procedure was implemented where the drone will scan the
environment and �nd the closest spot which allows for a safe emergency descend.

For the design of the coaxial octocopter, the structural mass was minimised by selecting the most suitable
material based on the expected load cases the UAV will experience during operations. It was found that high
modulus carbon �bre with cyanate ester with it's high speci�c stiffness will offer the best performance for
the system by minimising the mass and the aerodynamic impact of the system. With the required hardware
and senors selected, the frame of the drone was designed and optimised to both decrease the required vol-
ume necessary as well as providing the necessary air�ow to the sensors which will measure the air pollutant
concentrations. To increase the measurement accuracy of the system, a pipe-like rod was added to the sys-
tem to feed non-turbulent air into the system rather than being in�uenced by the turbulence generated by
the propellers.

To power the drone, modern lithium-polymer cells were chosen to increase the endurance time of the sys-
tem while also providing high manoeuvrability from the increased discharge rates. Based on the selected
cells, structural and payload mass, the system performance was iterated to determine the minimum struc-
tural mass and maximise the endurance time by decreasing the required power during operations. The
iterative scheme showed that the propeller diameter must be maximised to decrease the required power.
The increased propeller diameter will also decrease the inherent noise pollution as the propellers are oper-
ating at a lower rotational speed.
For the power subsystem of the drone, a con�guration of ten cells in series and 16 modules in parallel will
be used to provide the energy for around 30 min. This power system will be paired with eight 32"-propellers
which will be arranged in a coaxial con�guration on four arms to provide increased stability properties in
the wake of an aircraft during take-off.

Further Development Having �nished the design, additional aspects of the system design were taken into
account in the last part of this report. As the system will be using either a composite material with carbon
�bres or plastics for the battery housing, it was chosen to use �lament winding to manufacture the pro-
peller arms and the landing gear. Contrary to hand lay-up, this process is automated and will therefore both
decrease the labour costs and manufacturing time for these components. For the battery casing, additive
manufacturing methods were selected as the required parts have low-stress concentrations yet an increased
complexity with regards to the shape. Therefore, 3D-printing is offering a cheap yet reliable manufactur-
ing method to produce these parts. Additionally, the production and assembly plan for the system will be
proposed.

Another important aspect of the project is the sustainability of the system itself during the different produc-
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0. Executive Summary

tion stages. Therefore, based on the Design4Sustainability concept which was developed by Delft University
of Technology together with the United Nations Environment Programme, the following seven aspects were
analysed.

Design4Sustainability

Low Impact Materials No harmful impact on the environment during extraction and/or pro-
duction. Manufactured in closer proximity to the assembly location. Materials can be down-
cycled/recycled.

Material Use Decrease system weight and size by using more ef�cient design to reduce energy
consumption during use.

Production Techniques Optimise production techniques by reducing toxic and solid waste and
use renewable energy.

Distribution System Optimise transportation strategy to optimise distribution strategy.

Impact During Use Decrease sustainability impact during operations.

Initial Lifetime Improve reliability and durability of the product and minimise maintenance re-
quired during operations.

End-of-Life System Reduce the environmental impact of end-of-life disposal.

To guarantee that the system will be pro�table when going into operations, a �nancial analysis will be pre-
sented. As the hardware costs were �xed to a maximum of e 25000, additional costs such as assembly and
production costs and operational costs have been calculated. As there is currently no �ying environmental
monitoring system which can measure ultra-�ne particles, it can be expected that around 15 products can
be sold per year which will correspond to a return of investment for one product of 14.7 %. One key aspect
in further increasing the pro�tability of the system is by generating revenue by using a subscription model
for the data gathering, transfer and processing through cloud computing.

Figure 3: Pie Chart summarising the total annual system costs. Hardware, testing and assembly & production costs are considered
one-time investments.
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Nomenclature

Acronyms

Symbol Description Dimensions Units

API Application Programming Interface - -

APU Auxiliary Power Unit - -

AQMS Air Quality Monitoring Station - -

ATC Air Traf�c Control - -

BMS Battery Management System - -

CAGR Compound Annual Growth Rate - -

CFD Computational Fluid Dynamics - -

CGM Centre Of Gravity - -

CIS Client Interface Software - -

CPC Condensation Particle Counter - -

CPU Central Processing Unit - -

D4S Design for Sustainability - -

DC Direct Current - -

DFT Discrete Fourier Transform - -

DoD Depth of Discharge - %

DOT Design Option Tree - -

EI Emission Index - -

EMPC Expected Maximum Pollutant Concentration - -

ESC Electronic Speed Controller - -

FBD Free Body Diagram - -

FDM Fused Deposition Modeling - -

FMCW Frequency Modulated Continous Wave - -

GPIO General Purpose Input Output - -

GPS Global Positioning System - -

GSE Ground Service Equipment - -

GT Gradient Threshold - -

IDEF0 Icam DEFinition for Function Modelling - -
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Nomenclature Nomenclature

IMU Inertial Measurement Unit - -

LDSA lung-deposited surface area - -

LiPo Lithium Polymer - -

LTI Linear time-Invariant - -

MTBF Mean Time Between Failures - -

OEM Original Equipment Manufacturer - -

OPC Opticle Particle Counter - -

PCB Printed Circuit Board - -

PDE Partial Differential Equation - -

PID proportional integral differential - -

PSD Power Spectral Density - W

RAMS Reliability, availability, maintainability, and safety - -

RBF Radial Basis Function - -

rh Relative Humidity - -

RTK Real-Time Kinematics - -

SAA Sense and Avoid - -

SN Smoke Number - -

SWOT Strengths, Weaknesses, Opportunities and
Threats

- -

TCAS Traf�c Collision Avoidance System - -

TO Take-Off - -

TPM Technical Performance Parameters - -

UAV Unmanned Aerial Vehicle - -

UNEP United Nations Environmental Programme - -

Greek Symbols

Symbol Description Dimensions Units

´ Ef�ciency - -

Á Roll Angle - rad

Ã Yaw Angle - rad

¿ Torque ML 2T-2 Nm

µ Inclination Angle - rad

µ Pitch Angle - rad

Roman Symbols
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Nomenclature

Symbol Description Dimensions Units

FOM Figure of Merit - -

½ Density ML -3 kgm ¡ 3

A Disk Area L2 m2

cP Power Coef�cient - -

cT Thrust Coef�cient - -

CD Drag Coef�cient - -

d Propeller Diameter L m

F Aircraft LTO Frequency - week -1

g Gravitational Acceleration LT -2 ms¡ 2

J Advance Ratio - -

LA Overall A-Weighted Sound Pressure Level - dBA

n Revolutions per Second T -1 s¡ 1

P Power ML 2T-2 W

S Surface area L2 m2

T Thrust MLT -2 N

v Velocity LT -1 ms¡ 1

p Roll rate - rads ¡ 1

PBL frequency band Level - dB

q Pitch rate - rads ¡ 1

R Rotation Matrix - -

r Yaw rate - rads ¡ 1

SEL Sound Exposure Level - dBA

SPL Sound Pressure Level - dB

u, v, w Velocity in Cartesian Coordinates LT -1 ms¡ 1

Other Symbols

Symbol Description Dimensions Units

CH4 Methane - -

CO Carbon Monoxide - -

NOx Nitrogen Oxides - -

O3 Ozone - -

SO2 Sulphur Dioxide - -

PMx Particles with � x &m - -

UFP Ultra Fine Particles - -
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Introduction

Modern aviation is a key �gure in today's society's growing globalisation, providing a fast and reliable means
of transportation. With an expected growth in air traf�c of 42% until the end of 2040, the aviation sector will
provide a consistently growing demand for employment, increasing the regional developments by attract-
ing activities and investments.

As air traf�c will increase, near-airport communities will be increasingly affected by noise and air pollu-
tion. To understand how aviation impact the environment, being able to measure aviation's environmental
footprint is key for improving the scienti�c understanding how human health is affected and enable a con-
structive discussion on regulatory and other mitigation strategies.
Models that simulate the aviation's environmental impact exist but do not re�ect reality in many cases as
must rely on assumptions. The current standard of measuring noise and air pollution is set by ground-level
monitoring systems. These systems can measure noise and air pollution accurately, but they cannot dis-
tinguish between different emission sources. Moreover, as both emissions dissipate over time and space,
stationary monitoring systems require interpolation to map noise and air pollution to its full extend which
inhibits the systems' ability to accurately disclose aviation's environmental impact in all its detail.

Taking Amsterdam Airport Schiphol as an example, current standards regulating the environmental impact
of the airport are in place and the compliance is being monitored by the Dutch environmental department.
Yet, local communities, policymakers and the management board of the airport are struggling to reach an
agreement around the airport's expansion plans as there is not suf�cient scienti�c evidence that the airport
complies with the environmental standards.

The objective of this project is to design an autonomous, �ying environmental sensing system. The system
shall measure both noise and air pollution, distinguish between different emission sources and create air-
craft type-speci�c emission metrics in near-real-time. It must be designed using off-the-shelf components of
which at least 70% can be downcycled and have a maximum hardware cost of e 25000.

This report will outline the design of this autonomous, �ying environmental sensing system. First, the pre-
vious phases of the project will be presented to the reader. Within part I, the general stakeholder / system
requirements will be presented followed by the risk assessment and sustainable development strategies will
be presented which were meticulously applied during all project phases to guarantee a successful project
outcome.

In part II of the report, the detailed design will be presented. First, an outline will be given on how the sys-
tem will perform it's desired mission at the European airports and within the near-airport communities. As
the design primarily revolves around the design of the scienti�c payload, chapter 6 and 7 will present the
sensors which are required to perform the mission and what considerations must be taken into account to
provide accurate and reliable measurement results. Chapter 8 will then explain how the emission metrics
will be generated based on advanced interpolation and optimisation methods to increase the usability of
the measured data. The remaining chapters in part II will then outline the subsystem design of the hard-
ware, including the autonomous, structural, power and propulsion system.

In the last part of the report, part III, further developments will be presented to the reader. This includes
the manufacturing, production and assembly procedure which was worked out for the system as well as the
risk and sustainability assessment of the system. As the �nancial aspect of the system is crucial to have an
economically feasible project, the �nancial breakdown will be presented in chapter 20. The report will close
with a forecast of the future steps which must be taken to prepare this system for the actual operations and
a future vision will be presented on how the system can be further improved to increase the market share
through innovative and sustainable product evolution.

The Python and MATLAB ® scripts and tools used during the project design are available under the following
repository: https://github.com/VladGavra98/DSE_ARS

xiii
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1
Market Analysis

The purpose of the market analysis is to asses the market the system would be part of and to estimate the
competitive cost and volume of the system. A previous market analysis was carried out in the baseline report
[2] and focused mainly on identifying comparable stationary and mobile measurement systems. First, a
market overview is given in section 1.1 and secondly a SWOT analysis in section 1.2. Where necessary a the
conversion rate from dollar to euro of 0.89 was applied from Google Finance.

1.1. Market Overview and Forecast

Monitoring Industry Evaluation It was found that the global air quality monitoring system market size
is expected to reach e 5.7 billion by 2025, rising at a market growth of 7 % compound annual growth rate
(CAGR) during the forecast period 1. The global noise monitoring market was valued at e 624 million in 2019
and has an expected CAGR of 4.21 % from 2020 to 20272. The combined air pollution and noise monitoring
market can thus be calculated by summing the two market values, which results in a market size of e 6.32
billion. This value will be used to calculate the market share in chapter 20.

Airport Sustainability Industry Evaluation Heathrow airport invested over e 6.6 million in electric vehi-
cle infrastructure to lower air pollution caused by the airport 3. For this reason it is expected that a mon-
itoring system will also be invested in. It does not directly lower the amount of air and noise pollution,
but mapping it very carefully can help the airport in �nding solutions to decreasing air and noise pollu-
tion. In addition, schiphol airport wants to become climate neutral by 2040 and is giving e 336000 to local
near-airport communities initiatives 4.

Comparable stationary measurement systems The Aeroqual AQS 1 Urban Air Quality Monitor 5 and The
AQMest 6 are two such examples. Both systems can detect and measure particulate matter up to 1 ¹ m,
ozone and NOx and noise in real time. The AQS 1 is larger and heavier. These systems are, however, not
for use around airports. London Heathrow airport studied air pollution and noise with the use of a net-
work of 40 low-cost sensors around the whole facility that measured NO x, CO2, and CO. Comparing these
measurements to a reference system already present at Heathrow, indicated that the sensors showed con-
structive use due to the found square error of R2 È 0.93. This system had multiple sensors, enabling it to
distinguish non-local emission from emissions related to aircraft taking off. However, this was not done in
real-time and the system only measured air pollution and not noise[31]. Another system is the Noise Mea-
suring System (NOMOS) used at Schiphol. Masts with calibrated microphones on them have been placed in
areas surrounding Schiphol. NOMOS combines the results of the measurements with the �ight schedules
to conclude how much noise a certain aircraft created. The data is transmitted real time and available for
the public [2] 7.

Comparable mobile systems are the Scentroid DR1000 FLYING LAB and the SNiffer 4D. The Scentroid

1https://www.businesswire.com/news/home/20200204005473/en/Global-Air-Quality-Monitoring-System-
Market-Expected [cited June 15, 2020]

2https://www.verifiedmarketresearch.com/product/noise-monitoring-market/ [cited June 15, 2020]
3https://www.heathrow.com/content/dam/heathrow/web/common/documents/company/heathrow-2-0-
sustainability/futher-reading/heathrow-sustainability-report-2018-report.pdf [cited June 26, 2020]

4https://www.internationalairportreview.com/article/80597/royal-schiphol-group/ [cited June 15 2020]
5https://www.aeroqual.com/product/aqs-urban-air-quality-monitor [cited Mar 3, 2020]
6https://www.aqmesh.com/product/aqmesh/ [cited Mar 3, 2020]
7https://noiselab.casper.aero/ams/ [cited Mar 3, 2020]
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1.2. SWOT Analysis 1. Market Analysis

DR1000 is valued at e 14114,79 and can detect and measure a variety of molecules 8. The SNiffer 4D mea-
sures CO, NO2, Ox, SO2, PM1, PM2.5, PM10, CxHy (hydrocarbons), the cost is 12310 USD = e 10820.20 Analy-
sis of these two potential competitors and similar systems is useful when deciding on a competitive market
price for the system, which is done in section 1.1. It can be concluded is that there are mobile systems,
but they measure only air pollution and no Ultra Fine Particles (UFP) or noise. Besides this, they are not
autonomous systems and thus require signi�cant human contribution to gather data.

System Price and Market Volume Estimation There is no other environmental monitoring system yet
that measures UFP, thereby proving a signi�cant gap in the market. It could be argued that a system that
can combine monitoring UFP, noise and other relevant air pollutants will be very competitive as there is
no competitor that can do all three and is also autonomous, making it approximately 4 times more valu-
able (assuming equal value for additional features) than the Scentroid DR 1000 and the Sniffer 4D. Roughly
speaking it can then be 4 times more expensive, while still being competitive. However, UFP monitoring
devices are expensive and alter the system's price signi�cantly. For the �nancial cost model that is applied
in chapter 20, a monthly system price is required to estimate the cash �ow and return on investment. To
obtain this, the Scentroid and Sniffer 4D are assumed to give value for 2 years, because by then their per-
formances and payload will have deteriorated to a futile extent, which results in a monthly operational cost
of e 625 by dividing their system price of approximately e 15000 by 24 (months). As the system described
in this report is 4 times more valuable, a competitive monthly system price is set at e 2500. This does not
include the operational cost, but the operational cost of comparable systems is assumed to be very similar
to the operational cost of the system described in this report because all systems require sensor replace-
ment of parts, maintenance and insurance. This will be further elaborated upon in section 20.1.2. The sole
difference in cost between the system described in the project and comparable systems thus comes down
to the difference in system cost, which is the sum of hardware, production & assembly and testing cost of
the system.
According to [8], all major airports in the UK already perform air monitoring and with over 100 major air-
ports in Europe, there will de�nitely be enough demand, especially from airports who want to expand. The
only real restriction is posed by how many of these systems can be made in a year, Which is estimated to lie
around 15. This is the market volume.

1.2. SWOT Analysis
The SWOT analysis analyses the strength, weaknesses, opportunities and threats of the system and a sum-
marised graphical overview of the SWOT matrix is shown in Figure 1.1. The design's strength and oppor-
tunity is the integration of an integrated noise and air pollution measurement system in combination with
an autonomous �ying design concept. These unique features have the potential to outperform current im-
plemented market solutions discussed in section 1.1. It also provides a wider variety of use cases such as
autonomous noise and air pollution monitoring during rush-hour periods and measurement of toxic gases
during large-scale forest �res. The global pandemic on one hand poses a threat to this project as there is a
potential recession going on in the aviation industry. On the other hand, the reduction in air traf�c provides
an opportunity to look at emission levels when there is no air traf�c, which might enable building a clearer
picture of the impact of aviation. Furthermore, another threat is posed by the increased market attractive-
ness, shown by the market's high CAGRs that can result in an increasingly growing �eld of competitors and
a swift development within the industry and cutting-edge technologies.

Figure 1.1: SWOT matrix originating from the matrix showing the identi�ed strength, weaknesses, opportunities and threats.[2]

8https://scentroid.com/products/analyzers/dr1000-flying-lab/ [cited Apr 28, 2020]

3



2
General System Requirements

In the following section, the system and stakeholder requirements for the autonomous environmental mon-
itoring system will be presented. These requirements were either directly derived from constraints posed
onto the system or from the customer's wishes and demands and play an import role in the design of the
UAV. . Their sources are indicated in squared brackets behind the requirement which, depending on the

case, consists of a risk identi�er, FFD block identi�er, sustainability requirement or the customer needs. To
indicate driving or key requirements, the identi�ers are highlighted with color boxes( driving* , key ). The
complete derivation process for these requirements can be found in [2] and [3].

System Requirements

Stakeholder

AEMS-SH-PERF-01 The system shall have a maximum setup time of one hour before it is
ready to take-off

AEMS-SH-PERF-02 The system shall be able to operate in wind conditions up to and in-
cluding Beaufort-4

AEMS-SH-PERF-03 The system shall be able to operate in dry weather conditions

AEMS-SH-DIMS-01* The system shall have a maximum overall dimension of two meters
when transported

AEMS-SYS-PERF-07 The system shall have a rechargeable power source

AEMS-SH-DIMS-02 The system shall be transportable by (at largest) a van

AEMS-SH-DATA-01 The system shall produce individual aviation emissions metrics

AEMS-SH-DATA-02 The system shall produce individual aviation noise metrics

AEMS-SH-DATA-03 The system shall produce a combined aviation's environmental impact
metric

AEMS-SH-DATA-04 The system shall display background noise levels

AEMS-SH-DATA-05 The system shall display background air pollution levels

AEMS-SH-DATA-06 The system shall be able to store or send one day's (8h) worth of mea-
surements

AEMS-SH-SUST-01 The monitoring system shall be at least 70% recyclable or re-usable

AEMS-SH-FNCE-01 The hardware cost of the system shall not exceed e 25000, excluding
VAT

AEMS-SH-SYS-01 The system shall use off-the-shelf components

General System

AEMS-SYS-02 The system shall be transported by a van registered under the N2 Eu-
ropean Category for road vehicles [[15], SH-DIMS-02]

AEMS-SYS-03 The system shall have a minimum lifetime of 1 working year [SH-
DATA-01,02]

AEMS-SYS-05* The system shall provide at least one back-up measuring instrument
for both noise and air pollution [Risk PL1]
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3
Risk Strategy

This chapter focuses on the technical risk analysis inherent in the system design. The approach taken for
the risk assessment is to �rst identify and present all of the risks associated with the technical aspect of
the design and organise them by the effected subsystem by assigning a unique identi�er to the risk. The
risks will then be assessed on the likelihood of the risk occurring and the severity of the consequences if it
does. Throughout the design process, prevention and mitigation strategies will then be applied to the risks
in order to lower both the probability and impact of the risk to an acceptable level. Chapter 18 will present
the preventative measures and mitigation strategies.The probability of the risks will be assessed using the
metric shown in 3.1. The impact of the risk will be assessed using the impact metric in table 3.1, where the
scores are explained in terms of the severity to the mission success.

Table 3.1: Impact and Probability Key

Key Impact Explanation

Im
pa

ct

1 Negligible Risk has almost no impact on system functioning.
2 Marginal System should meet majority of requirements.
3 Moderate System should meet most of requirements but performance is suboptimal.
4 Severe System will not meet majority of requirements and mission success is unsure.
5 Catastrophic System will not meet all or almost requirements and mission will be a failure.

Key Likelihood Explanation

P
ro

ba
bi

lit
y

R Rare Almost no chance of occurrence.
U Unlikely Incredibly low chance of occurrence.
P Possible Possibility of occurrence but slim.
L Likely Expected to occur.
H Highly likely Almost certain to occur.

Each risk has �rst been identi�ed by liaising with all departments within the design team and from the
market analysis into similar systems. Financial as well as logistical and scheduling risks were not included
in the assessment as they are present in every subsystem within the design and this assessment will only deal
with technical risks. The risks are organised into categories based on their relevance. The ID (identi�cation)
numbers are a re�ection of the subsystem in which the risk is associated, a breakdown of how the �rst two
letters of the ID relate to the category of risk is listed below:

• Manufacturing risks (MF)

• Structural risks (ST)

• Power risks (PW)

• Propulsion risks(PR)

• Payload risks (PL)

• Maintenance Risks (MN)

• Data handling risks (DH)

• Navigation risks (NV)

• Operational risks (OP)

• Maintenance risks (MT)

• Communication risks (CM)

• Control and stability risks (CS)

Probability and impact are denoted by P and I respectively. The scores are assigned both before and after the
prevention and mitigation scores are applied, the scores before the strategies are applied are shown below.
Section 18 will deal with the risks after prevention and mitigation methods are applied.

PW1-Power system degrades over life time and becomes unusable Probability: H, Impact: 4. This is risk
is driven by the inherent nature of batteries to degrade over their operational life. The likelihood of this
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3. Risk Strategy

happening is high as it is inevitable with all batteries. If this risk is left unchecked the performance of the
drone can be severely effected over time and its ability to perform the mission severely compromised.

PW2-Failure of the power system Probability: U, Impact: 5. The drivers of this risk are that the team
is inexperienced, exposure to the environment and a complex power system integration, these factors all
mean the power system performance is exposed to risk and could fail. The probability of this happening is
unlikely as the system will use off-the-shelf components in the power system. The impact this would have
on the mission is catastrophic as the mission would not be able to be performed if the power system has
failed.

ST1-Failure due to exceeding of design loads Probability: P, Impact: 5. The driver for this risk is that the
drone can experience loads on its structure that it was not designed for, this can happen by way of collision
or high aerodynamic loading. The probability of this occurring is possible as there are situations the team
could overlook or that will be different in reality to the theory. The impact is catastrophic, as the mission
will fail if the drone cannot support loads it needs to �y.

MF1-Unable to manufacture Probability: U, Impact: 5.The driver behind this risk is having a complex
design or unique material choices that mean manufacturing of the structure or components is too dif�cult
to be done to an acceptable quality. The likelihood of this happening is low because the drone design is
common and the need for complex structures is low. The impact this risk would have on the success of the
mission is great. If the drone cannot be manufactured it cannot be used to �y the mission at all.

PR1-Failure to provide enough thrust to the drone Probability: U, Impact: 5. This risk is driven by either
poor design of the propulsion system or high thrust demands. The probability of this happening is unlikely
as the motors and propellers will be chosen by from available components that have been veri�ed and
validated and the drone will not be performing high thrust manoeuvres. The impact is catastrophic because
it will cause either the drone to be incapable of �ying or to be uncontrollable which both will mean the
mission cannot be completed.

DH1-Fails to distinguish between aircraft and background metrics Probability: P, Impact: 5. Require-
ments AEMS-SH-DATA-01/2/4/5mean there must be a distinction made between background and aircraft
data measured, these are the drivers for this risk. The probability is increased due to the need for computa-
tions to extract the aircraft data and the high volume and variation in background data. The impact of this
risk is catastrophic as it will mean the recorded data is unusable. To mitigate it, one can set a number of
minimum measurements per aircraft type to increase the data pool or provide local re-meshing to a denser
grid to extract more information.

DH2-Modelling unable to process data Probability: P, Impact 4. Requirements AEMS-SH-DATA-01/02/03
present the need to be able to make use of the data for the customer. Before analysis it is expected that the
occurrence of this risk is low due to the available resources, however, the impact is severe as the mission
success is in question due to the violation of a stakeholder requirement. It is not catastrophic because some
requirements are still able to be ful�lled.

CM1-Unable to download data from drone Probability: P, Impact: 3. The need to access the data from
the drone would provide near-real-time data for requirement AEMS-SH-DATA-03. This would jeopardise
few requirements, however, the overall mission is unlikely to fail.

CM2-Data is lost before/during data transfer Probability: U, Impact: 5. With no data available, the mis-
sion would be considered a failure as most of the stakeholder requirements would not be met. Modern
technology means that it is unlikely but still has to be considered.

PL1-Sensors fail to measure any accurate data Probability: P, Impact: 5. The requirements AEMS-SH-
DATA-03 and AEMS-F-AUT-04 mean the data from the emission sensors must be accurate enough for a
metric to be made for the environmental impact of aircraft (this cannot be done without accurate data)
and the navigation and sense and avoid sensors must be accurate enough to avoid collision or entering
restricted spaces. This is possible due to the complexity involved in accurately measuring the correct data.
The impact is catastrophic due to both no accurate emission data and autonomy data will mean mission
failure.
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3. Risk Strategy

PL2-Sensors damaged during operation, transportation or storage Probability: P, Impact 4. The sensors
are required to gather data as well as navigate the drone. Reduced functionality would hinder either or both
of these functions. Assuming not all are damaged at once, the probability is possible and impact severe as
the mission success is left in question.

NV1-Global location of the drone is unknown Probability: U, Impact: 4. The driver behind this risk is
the need to have a global location marker with the emission data and requirement AEMS-F-AUT-04. With-
out a global location, restricted airspace cannot be avoided and the emission data will have no reference
locations, this makes the impact high. The probability will be low as GPS-receivers are commonly used and
reliable.

NV2-The drone is unable to avoid impact with the local environment or restricted area Probability:
P, Impact: 5. This risk is driven by requirement AEMS-F-AUT-04. The probability is possible as without
a thoroughly investigated path planning and avoidance techniques collisions are possible, The impact is
catastrophic as impact will cause damage to the drone and/or the environment and entering restricted
space is both illegal and dangerous.

NV3-Unable to determine route pre-arranged destinations Probability: L, Impact 4. The expected large
number of destinations means determining a route could present signi�cant dif�culties. Not being able
to determine a route means little or no measurements, thereby violating requirements AEMS-SH-DATA-
01/02/03/04/05, thus impacting mission success.

CS1-Drone is uncontrollable Probability: U, Impact: 5. The coaxial octocopter is a commonly used de-
sign and has been proved to be controllable, also the drone will not be performing highly dif�cult and de-
manding manoeuvres. The impact is of course catastrophic as the drone will inevitably crash and be unable
to perform the mission.

CS2-Drone is unstable Probability: L, Impact: 5. The drone design is inherently unstable and must be
kept stable through constant complex control algorithms, therefore a small mistake in calibration could
cause instability. The impact is catastrophic as a crash would be inevitable.

CS3-No suf�cient reaction to necessary sensory inputs (DAA/SAA) Probability: P, Impact: 5. The drone
must respond quickly to sensory inputs to avoid them as the drone will be moving with reasonable velocity
and may face oncoming obstacles such as birds, this means the likelihood of reacting before a collision is
possible. The delay in reaction may cause the drone to collide with obstacles, opposing requirement AEMS-
F-AUT-04.

OP1-Adverse weather conditions damage/reduce the drone functionality Probability: H, Impact 4. Ad-
verse weather conditions will present inherent risks from wind, temperature, humidity and precipitation.
These will hinder the drone's ability to function e.g. manoeuvre with little path deviation in the event of
strong wind that is not designed for. The impact depends on the extent of the weather, however, in most
cases the mission is not expected to fail.

OP2-Drone becomes a noise nuisance to people and animals Probability: P, Impact: 3. Driven by Eu-
ropean UAV regulations (EU:UAV.SPEC.050 1.a.v related to requirement AEMS-SYS-SUST-06), this risk must
be taken into account. It is possible that this may occur, however, the mission could still be completed
successfully and minor changes likely needed to be taken into account.

OP3-Drone causes damage to humans, animals or ground property Probability: P, Impact 4. It is always
desired for no human or animal to be in danger from the drone. This concerns the ability to receive certi-
�cation as well as general safety. Before prevention and mitigation, this risk is seen as possible and would
likely result in re-certi�cation issues, therefore possibly failing the entire mission.

MN1-Unable to inspect parts/sections of the drone Probability: U, Impact 3. The need to be able to
inspect parts of the drone is critical to maintenance, thereby ensuring the safety of the drone. Due to the
use of modular off-the-shelf components, this is seen as unlikely and medium impact score.

Risk Map Now that the risks for the system have been identi�ed a risk map has been made to visualise
them, this is shown in �gure 3.1. The risks that are located nearer the top right of the risk map are those that
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3. Risk Strategy

pose the greatest threat to the mission success and will need the most attention during the detailed design.
The aim throughout the detailed design is to move the risks toward the bottom left of the risk map by way
of prevention strategies, thereby lowering the probability score, and mitigation, to lower the impact score.

Figure 3.1: Risk map

8



4
Sustainable Development Strategy

A sustainable development strategy assures that during the design process the three key concepts of sustain-
ability (Environmental, Social and Economical) are taken into account. This chapter addresses the process
to warrant the successful implementation of a sustainable development strategy. First the project sustain-
ability

4.1. Project Sustainability
The purpose of the system is to help address the impact the aircraft industry has on the surrounding en-
vironment of airports. The aviation industry adds harmful long and short-lived emission species such as
NOx, CO2, soot, particulate matter, ultra-�ne particles and much more to the environment. These species
harmfully impact both climate and human health. Furthermore, noise expelled can lead to not only phys-
ical but also monetary damage. Aircraft noise was �rst regulated in 1971, and although further regulations
have been implemented, it remains one of the greatest concerns for near-airport communities [43]. The low
cost of the system compared to the traditional stationary system makes it an economically viable alternate
solution that can be used to supplement the data retrieved by the stationary measurement stations and
enhance the accuracy of current models. The data retrieved by the system can be used by policymakers,
airport management and aircraft manufacturers to combat the raising impact the aerospace industry has
on the environment and health of individuals living in near-airport communities.

4.2. Designing for Sustainability
The Design for Sustainability (D4S) concept uses several different strategies to assure the engineers create
a sustainable design. The concept was developed by the Technical University of Delft in collaboration with
the United Nations Environmental Programme (UNEP) . The seven different strategies (retrieved from [10])
that should be considered during the design of a product are :

1. Selection of low-impact Materials/Components
2. Optimisation of Material/Component use
3. Optimisation of Production Techniques
4. Optimisation of Distribution/Transportation
5. Reduction of Impact During Use
6. Optimisation of Initial Lifetime System
7. Optimisation of End-of-Life System

A design can be rated according to how it affects each of them. The ratings range from - - to + +. A + +
rating is seen as very feasible to implement while a - - score indicates a very negative score and the option
is completely infeasible to implement. These ratings in between correspond to an almost feasible option, a
neutral option and feasible option respectively [10] [2]. The seven design strategies are discussed in detail
below. Thereafter the de�nitions of how the �nal ratings for each strategy is achieved are tabulated.

Selection of low-impact Materials/Components Materials are considered low-impact if they can be recy-
cled/reused and do not harm the environment during extraction or production. Components or materials
that need to be transported from companies located far away are also not considered to be a low impact
due to the increased emission expulsion during transportation. The ratings corresponding to the different
strategy attributes are given in table 4.1 [2].

Optimisation of Material/Component use Materials and components should be selected in such a way
that they minimise the impact on the environment during operation. Components with decreased weight
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4. Sustainable Development Strategy

and size lead to more ef�cient designs. As such, the design team should select components that will help
to minimise the sustainability impact of the component during use. Table 4.2 de�nes the corresponding
ratings for the different attributes used for optimising materials/components [2].

Optimisation of Production Techniques
During the production of the �nal product, all aspects of sustainability are affected (environmental, social
and economical). An optimised production technique will ensure that less solid and toxic waste is created.
Furthermore, the power consumption during production should be minimised, and where possible, renew-
able energy should be used. The production of the �nal components/products should also not harm the
workers. Table 4.3 shows the ratings that correspond to the different attributes of this strategy [2].

Optimisation of Distribution/Transportation This strategy has been adapted from the de�nition pre-
sented by the D4S manual, to assess how ef�ciently the design can be transported between different opera-
tions locations. The attributes considered in determining a minimum rating are given in table 4.4 [2].

Reduction of Impact During Use This design strategy is used to create a design that will reduce the im-
pact it has on sustainability during operation. The �nal product should have an overall positive impact on
sustainability, this includes eliminating or at the very least minimising the effect the �nal product has on
sustainability during operation. As an example, it is known that the noise produced by the product might
not be eliminated, but every effort should be made to minimise this impact to end up with an overall pos-
itive added social value. The ratings corresponding to the different attributes used to evaluate minimum
requirements is shown in table 4.5 [2].

Optimisation of Initial Lifetime System The optimisation of the initial lifetime of the system is a strategy
that is to be used to create a design that is reliable and durable. This strategy also considers the type of
maintenance that will be required during operation. The ratings and the corresponding attributes for the
strategy can be found in table 4.6 [2].

Optimisation of End-of-Life System This strategy is to be used to create a design that minimises the
impact of the product once it has been decommissioned. This includes how much energy would be required
to disassemble the product and whether the materials are recyclable. Attributes used to decide on a required
minimum rating can be found in table 4.7 [2].

Table 4.1: Selection of low-impact Materials/Components Rating Table [2]

Rating Attributes

+ + Transported small distance, low production energy consumption, recycled/recyclable
+ Transported medium distance, low use production energy, mostly recycled/recyclable
o Transported medium distance, medium use production energy, partially recycled/recyclable
- Transported medium distance, large use production energy, mostly non-recycled/recyclable
- - Transported large distance, large use production energy, non-recycled/recyclable

Table 4.2: Optimisation of Material/Component use Rating Table [2]

Rating Attributes

+ + Low weight, small volume, compactable
+ Low weight, small volume, not compactable
o Medium weight, medium volume, compactable
- Medium weight, medium volume, not compactable
- - Large weight, large volume, not compactable

4.3. Minimum Objectives
A set of minimum requirements is decided upon by the sustainability manager, the team manager and the
system engineers. The selection of the minimum objectives is based on the provided stakeholder require-
ments and engineering judgement. Sustainable design is considered important for both the stakeholders
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4.3. Minimum Objectives 4. Sustainable Development Strategy

Table 4.3: Optimisation of Production Techniques Rating Table [2]

Rating Attributes

+ + Few steps, low waste amounts, low non-renewable energy use, excellent safety
+ Many steps, low waste amounts, low non-renewable energy use, excellent safety
o Many steps, medium waste amounts, medium non-renewable energy use, good safety
- Many steps, medium waste amounts, medium non-renewable energy use, poor safety
- - Many steps, large waste amounts, large non-renewable energy use, poor safety

Table 4.4: Optimisation of Distribution/Transportation Rating Table [2]

Rating Attributes

+ + Energy ef�cient transport, ef�cient logistical movements, overall small distances
+ Energy ef�cient transport, ef�cient logistical movements, overall medium distances
o Partially energy ef�cient transport, partially ef�cient logistical movements, medium distances
- Energy inef�cient transport, inef�cient logistical movements, overall small distances
- - Energy inef�cient transport, inef�cient logistical movements, overall large distances

Table 4.5: Reduction of Impact During Use Rating Table [2]

Rating Attributes

+ + No toxic emissions, low energy use, reduced noise,positive social value
+ Few toxic emissions, low energy use, reduced noise,positive social value
o Medium toxic emissions, medium energy use, normal level of noise, no social value
- Medium toxic emissions, medium energy use, noise generated,negative social value
- - Large toxic emissions, large energy use, noise generated, negative social value

Table 4.6: Optimisation of Initial Lifetime System Rating Table [2]

Rating Attributes

+ + Extremely reliable and durable product, highly modular design, very easy maintenance
+ Highly reliable and durable product, highly modular design, easy maintenance
o Reliable and durable product, some modular design, maintenance is not to complex
- Reasonably reliable and durable product, some modular design, maintenance is dif�cult
- - Product is not reliable or durable, no modular design, maintenance is expensive and complex

Table 4.7: Optimisation of End-of-Life System Rating Table [2]

Rating Attributes

+ + All components recyclable/reusable, low energy use, no toxic emissions during disassembly
+ Most components recyclable/reusable, low energy use, few toxic emissions during disassembly
o Most components recyclable/reusable, medium energy use, few toxic emissions during disas-

sembly
- Few amount components recyclable/reusable, high energy use, toxic emissions product disas-

sembly
- - Little to no components recyclable/reusable, high energy use, toxic emission during disassem-

bly

and the design team, and as such, a strict set minimum objective has been selected. The minimum ratings
for each strategy are presented in a radar diagram known as a strategy wheel. The strategy wheel is pre-
sented in �gure 4.1. A more in-depth analysis of the selection for the minimum objectives is provided in
the baseline report[3] and [2]. As it is evident from the minimum objectives and the strategy wheel, to be
able to meet the minimum requirements, the design team should take special consideration of the design
strategies related to material selection and the impact during use design strategy. This entails that the team
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especially considers these strategies when starting the detailed design phase for the different subsystems.

Figure 4.1: Radar diagram visualising minimum sustainability objectives for the design process [2].

To implement these minimum objective, system requirements are generated to aid in the design process.
They are listed below in the following coloured box:

Sustainability Requirements

AEMS-SYS-SUST-03* The amount of harmful gases during operation shall be kept at zero
[D4S]

AEMS-SYS-SUST-05 The system shall incorporate changeable consumables [D4S]

AEMS-SYS-SUST-06 The noise produced by the system shall not be invasive to the nearest
airport communities, people and animals [D4S, DroneReg [14]]

AEMS-SYS-SUST-07 The system shall be able to determine the amount of gas emissions it
is producing [D4S]

AEMS-SYS-SUST-08 The system shall be able to determine the amount of noise emissions
it is producing [D4S]

AEMS-SYS-SUST-09 The system shall not carry or use any potentially explosive substances
or compounds [D4S]

4.4. Material Evaluation
Materials considered for the design will be assessed on the following material properties (properties which
are closely related to sustainability), which are extracted from the software tool CES EduPack 2019 [17] [3]:

1. CO2 footprint during production

2. Embodied energy during production

3. Processing energy consumption for different production techniques applied

4. Recyclability of the material

The CO2 footprint during production material property represents the amount (in kg) of the CO 2-equivalent
mass of greenhouse gasses that are released as a consequence of producing 1 kg of the material [17]. The
embodied energy of a material represents the amount of energy needed to produce 1 kg of the material
from the initial feedstocks or ores. Figure 4.2 plots the values of these properties for different material types
found in different material families. As is evident in the �gure, the two properties correlate. The more
energy required to produce a material from the initial feedstock, means higher C02 emissions are produced
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during production. This stems from the fact the a material with a higher embodied energy, undergoes more
processes, these increased number of processes in turn increase the C02 footprint. Popular engineering
materials were labelled in �gure 4.2 to give insight to the reader about what magnitudes are to be expected.

Figure 4.2: Embodied energy during primary production vs. CO2 footprint during primary production for various materials[17]

The different end-of-life options for materials are presented in table 4.8. The design team should aim to
make use of materials that at the very least can be downcycled. This decision was made since only very few
materials can be truly recycled and reprocessed into the primary supply chain.

Table 4.8: End of Life options for materials [17]

End of Life option Description Environmental burden

Reuse Extension of product life Lowest
Re-engineer Incorporation of re-engineered part into new product

+
Recycle Reprocessing of material into primary supply chain
Downcycle Reprocessing into a lower grade material
Combustion Recovery of the calori�c content of the material
Land�ll Disposal of material Highest
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5
Measuring Mission

This section will outline the constituents of the mission of the system with a focus on the measuring system.
This part of the mission is imperative to the selection and installation of the sensors as well as the processing
of their data. It is kept separate from general operations due to its importance and need during detailed
design. A general top-down approach is implemented to ensure a clear overview. Therefore, this will be
discussed in detail before chapters 6 and 7 which deal with the air quality and noise subsystems. Thereafter,
in chapter 8, all of the aforementioned items will be assembled to present a clear picture of the data turned
into information and the process there-behind. First, a measuring mission overview in section 5.1 is given
in order to present a clear outline of the system's measuring mission. Thereafter the dimensional aspects
of the mission will be presented in section 5.2. Veri�cation, validation and further use of the measurement
mission and tools are therefore explained in section 5.4.

The appropriate system requirement is presented in the table below.

Measuring Mission Requirements

AEMS-F-MMI-01 The system shall be able to produce metrics on aircraft types arriv-
ing at minimum once per week [AEMS-SH-DATA-01/02]

5.1. Measuring Mission Overview
The selected concept must provide near real-time information on the impact of the aviation industry on
near-airport communities. To ful�l this (requirement AEMS-SH-DATA-03), the measurement system is to
build up a database of information for points within the measuring volume with a ground station located
at or near the centre. These points will be referred to as nodes. Over time these nodes will become more
populated and information on measured parameters may be presented. Figure 5.1 presents the �ow of the
mission with respect to the measuring systems in order to achieve this goal.

While the drone is on the ground (left half of �gure), the set measuring volume and airport information
are loaded into the drone's RAM via an external computer. This software process block is elaborated upon
in section 9.2.2. Before launching of the drone, three checks are made: battery level suf�ciency, ATC clear-
ance obtained (requirement AEMS-SYS-REG-08) and that the weather is favourable (minimum requirement
AEMS-SH-PERF-02). The latter ensures the prevention of risk OP1. Only then may it take off and travel to
the �rst node. Once it has arrived, the system performs the �rst set of measurements. A further note can
be made on the measurements. This includes measuring for all air pollution species de�ned in chapter 6 as
well as noise levels. Further details can be found in section 6 and 7 respectively. The drone then re-positions
to the next node to perform the same set of measurements, assuming that the battery level is suf�cient still
and the wind speeds are again less than 8 ms ¡ 1, thereby again aiming to prevent risk OP1. Once all measure-
ments are complete, such that the drone can still return to the ground station with the remaining battery
level, the drone returns. If, however, any of the conditions are not satis�ed, the drone must return earlier.

5.2. Measuring Volume
The system must have a de�ned volume within which it is to operate. The volume will be discretised into
a cylindrical 3D grid consisting of four layers and a radius of 5 km. The cylinder is chosen for its optimal
ability to reduce the distance the drone needs to �y between measuring nodes and the ground station. An
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5. Measuring Mission

Figure 5.1: Measurement Mission Overview

even number of vertical layers is optimal so the system can measure while returning back to the base. Thus,
four layers are opted for because it provides enough vertical resolution even without interpolation, in com-
parison to two which is not deemed suf�cient. Finally, 5 km is selected to include near-airport communities
whilst maintaining the smallest region to measure to keep costs, operating time and unwanted data to a
minimum. A 5 km distance stems from [43], a report in which an examination of environmental costs near-
airports of varying sizes was performed. Whilst these are costs, they deal directly with air quality and noise,
explaining that by 5 km, these costs are around 5% of the zero distance estimates [43]. Whilst the author
mentions that there are associated errors with the 5 km estimate, a compromise is found, namely, that a
measurement volume with 5 km radius is to be designed for with the option of adding more measurement
areas at the customer's choice. This could be opted for where certain areas are to be examined for example
lack of previous data for a new community or where the airport's perimeter extends beyond 5 km, such as
at Schiphol. Figures 5.2 and 5.3 present this approach with Schiphol as a basis airport.

A rectangular mesh is used as it provides an appropriate initial base layer of information with equally spaced
distances. It is entirely possible that, before deployment, at many airports, there is little to no information
available which means an optimised grid shape can not be found. A note should be made that, after initial
deployment, certain areas within these volumes may become of more interest, for example, an area of high
air pollution concentrations or high noise levels. Therefore the drone will be able to return to these areas
to obtain more data points. The metric details on this are elaborated upon in section 8 and the navigation
aspect in 9.2.2.
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