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UTM Co-Exists with ATM in Urban Airspaces

Air traffic management (ATM) UAS traffic management (UTM)
« Connects the world « Connects the community
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https://www.weforum.org/agenda/2018/07/the-world-s-busiest-day-for-air-travel-mapped/ @Air Traffic Management Research Institute (ATMRI), NTU, Singapore
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Emerging Demand for UAS Operations

« Significant growth in
UAS traffic is
forecasted by
academia and industry
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Rapid development of the Parcel delivery in major European
UAS industry (2020-2029) countries (2019-2050)
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« Demand for UAS
operations is already
seen in many areas
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From Concepts to Real-World Operations [@ —=

« ConOps published by authorities

— Many countries and regions have
published UTM ConOps

« Initial flight operations are emerging

— Drones are used in food and package
deliveries, emergent medical goods
transportation

— Multitude of use cases including
reservoir monitoring and building
facade inspection
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Unmanne: d Aircraft System (UAS)
Traffic Management (UTM)

FAA UTM ConOps

Transport of swab test
samples using drones

*_.
U-space
Concept of Operations

Enhanced Overview

CORUS U-Space ConOps

ieee.org/wing
australian-drone-delivery-service

UA delivery in
Australia
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Challenges: UTM Risk Management in Urban Environments

« Singapore faces twin challenges of urban landscape with high population
density and congested airspace environment
— Complex and restricted urban airspace
— High ground risk due to high population density

Air Risk: How to enable the safe and efficient Ground Risk: How to ensure the safety of
integration of UAS into current airspace UAS operations to third parties
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Areas within Skm of an airport or an airbase

Protected Areas

Kites and Parassils allowed up to 200 feet

Area limi for UAV ion in Si . Safety issues that UAV operates in urban environments
rea Imlts map Or U Operatlon in Ingapore alrspace Pang, B., Hu, X., Dai, W., & Low, K. H. (2022). UAV Path Optimization with An Integrated Cost Assessment

https://www.caas.gov.sg/public-passengers/aerial-activities Model Considering Third-Party Risks in Metropolitan Environments. Reliability Engineering and System
Safety, 1-18. https://doi.org/https://doi.org/10.1016/j.ress.2022.108399
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https://doi.org/https:/doi.org/10.1016/j.ress.2022.108399

Opportunities (Digital Era): Data-Driven Approaches

Source: https://csc.gov.sg/.

« Data availability
— Digitalization happening in many
Industries enables the import of data

— Industrial practices providing
experiences

« Methodological readiness
— Exploding computational power
— Maturity of data-driven methods
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Required Data for UTM Safety in UAS Flight Life Cycle

population and other observation
third parties

— Empirical analysis
— Performance review External Data Used in UTM Ecosystem

 Pre-Flight Phase g o B
— Initial screening of high-risk ops &——#e-ruesr———s————n-rucr— E" POST-FLIGHT———-
_ Support robust ﬂight plan | UTM Ecosystem Internal Data | l_ Fos:FIi_ght_ |
I Aircraft characteristic Tracking and UAS traffic flow I )
I data surveillance data | Recordi ngs |
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Pre-Flight & In-Flight Phases:
Internal Data Used in UTM Ecosystem

Data of UAS system Data of UTM system
— Aircraft characteristic data — Navigational resources data
— Aircraft system reliability data — Tracking and UAS traffic flow

surveillance data

— Aircraft status monitoring data T _
— Status of navigational infrastructures

‘Velcro' strip for tedlar bag

-

MUltiGAS (Xcoa: Xsoz: Xuzs, P, T, %RH, xyz)

Drone GPS —___ [or MobileDOAS (SO, column density)] i i
\ Anemometer I
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GPS receiver

Source: https://doi.org/10.5194/amt-14-4255-2021
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Pre-Flight & In-Flight Phases:
External Data Used in UTM Ecosystem

Weather information Static & dynamic obstacles

Weather forecast data
Real-time weather

— Static physical
boundaries for UAS

Y TR,

observation — Moving objects in the
urban area
Ay iy ]«})D/‘ 2.35 pm Sun 17 Oct
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http://www.weather.gov.sg/weather-rain-area-50km https://esrisingapore.com.sg/esri-cityengine
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Data of UTM system

— Census population
distribution

— Observed density of
pedestrians and other

third parties
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Post-Flight Phase:
Recorded Data Used in UTM Ecosystem

UAS Quick Access Recordings (UQAR) Four-dimensional Trajectory Data
— Aircraft performance review — Post-flight TSE verification
— Aircraft maintenance review — Post-event causal analysis

Waypoints

UA ground truth position
UA tracked position

UA ground truth trajectory
== UA tracked trajectory
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Framework of Data-Driven Urban UTM

« A framework is established to overcome the challenges by using
— A guantitative risk management strategy
— Data-driven methods

« The framework consists of:
— Risk Assessment Platform
— Airspace-Resource-Centric (ARC) urban airspace management

Pre-flight In-fl‘ight
data input data input

x Risk-based
i ARC Urban
UAS flight flight plans C Urba Flight
o Airspace Operation
missions Management P
Pre-flight risk In-flight airspace resources
management management
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Risk Assessment Platform: Data-Driven Flight Risk Quantification

 Risk Assessment Platform provides risk estimations at strategic and
pre-tactical phases for urban UAS operations.

Quantitative assessment of Third-Party Risk (TPR) uses aircraft
reliability, population density, geographical, and other data

— Preliminary version focuses on the risk of ground fatalities

UA Database

Graphical User

Interface (Python)
* Operation Request
Details such as UA
Model, Type of

Operation,
Location

Workflow of TPR assessment

Census Population Density

=

Decomposition of ground fatality risk

Probability
of Failure

Probability
of Impact

Probability
of Fatality

~

Crash Area Population Model TPR Analysis

(Python) (Python) (Python)

+Adopts empirical =+ Static population = Computes the rate
crash area model in the operational of ground fatalities
formulated by |:> area exposed to I:> per unit flight hour
(Sang Hyun Kim, hazard taking all inputs
Journal of Aerospace  Census data with from operator and
Information Systems spatial resolution impact parameters
2020) s 4

100m by 100m
L
|

Risk Calculation
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Risk Assessment Platform: Graphical User Interface (GUI)

» Ground fatality rate estimation (A¢qtatity) . Colors on risk
by given flight mission information map display

population
|3 Visual Line of Sight (VLOS) Module v0.12 = X density.
Eind Help
Operator Information Operation Information ¢ Ground fatal |ty

rate indicated
when a rone
hovers over

Activity Permit (AP)

UA Type 9
e A region.
fatality UA Brand Select UA Brand... ~ | UA Model -
com puted given UA Registration No: Select UA Registration Number... -

|

census population
density, crash

Operation Information

Date 4/4/2022 ~ | Time 12:00 AM =
area, shelter and
ang Locati Sub: elect Subzone Location
prObablllty Of ocation (Subzone) S T )
fatal ity Risk Assessment (Fatality Rate) et IGme Mo
Time of Operation
+/ Evaluate Ground Fatality Rate
* Model adapted Afataity & Back Onext Qb

from JARUS SORA

Copyright, Air Traffic Management Research Institute, 2021, All Rights Reserved.
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Risk Assessment Platform: Graphical User Interface (GUI)

« UA reliability threshold estimation via given
Target Level of Safety (TLOS) guideline

B | Visual Line of Sight (VLOS) Module v0.12
Eind Help

Operator Information Operation Information

Activity Permit (AP) Jurong Gateway | .:
e Risk assessment ”
differs when ‘Other’ UA Type .
| |
or Custom UA UABrand | Yuneec ~ | UA Model | Typhoon H X . AP e e
selected UA Registration No: | Select UA Registration Number... - L ") Ground Fatality Rate:  557x10%-6

Operation Information

* UA reliabil ity Date '4/4/2022 ~ | Time |12:00 AM a
th resho I d estl mated Location (Subzone) Jurong Gateway
fo r TLOS of 10 =7 Risk Assessment (Fatality Rate) ot [Otas it
Time of Operation
) +/ Evaluate  Ground Fatality Rate  5.57 x 10 ~ -6
* Equations adapted 4 @ Back O Next Oxit

fro m JA R U S SO RA Copyright, Air Traffic Management Research Institute, 2021, All Rights Reserved.
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ARC Urban Airspace Management: Management Strategy

« Discretization of urban airspace

resources :' ~ 7 7 ARC Situation Monitoring 1| :_ T 7 7 TDiscretized Airspace Resources —I
. Separation Mini
—_ S patl al VOIU me : Unoccupied Block : [ @ Spatial Volumn ﬁ In‘;E?:elt;)gizi::ma :
+
Block Allocated A/I [N |
_ C N S resources | to Aircraft | | ((T)) CNS Resources [ #f uPBN Concept |
[ [
Block Requi . : |
_ Non-extreme weather | @ e o o nworeness 10y spmatrompors

and low-risk regions ~  —m T m - mmmm—m—— mmm—m o )

Low Density
Living Area

« Safe UAS operations supported by

— Terrain data and ground High Density
Infrastructures data

— Weather data
— CNS coverage and performances Low Density

data Industrial Area Eigtl:s?r?:ls;t:;ea
— More other data Conceptual illustration of the ARC approach

for urban airspace management
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ARC Urban Airspace Management: Illustrative Application

« The ARC approach maximizes the utilization
of constrained urban airspace resources

* Auniform approach for dynamic management
of airspace including resource allocation and
conformance monitoring

« Compatible with advanced operational concepts
— Risk-based flight management
— Separation management

— UuRNP concept Tt 7] e
_ 4D TBO L | A R

- Support quantitative analysis of airspace FNRNN
resources utilization effectiveness Application example: ARC-based visualization of

airspace utilization heatmap (in different altitudes)
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Key Takeaways

« Datais needed in UTM to improve flight safety
— Applied to the pre-flight, in-flight, and post-flight phases
— Assist the planning, monitoring, and decision-making in UTM operations

« A data-driven framework towards a total flight phases solution has
been established

— Pre-flight risk assessment
— In-flight ARC approach for urban airspace management

« Standardization of data is essential in the future UTM deployment
— Unify the heterogeneous data
— Data interfaces and adaptations
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Closing
Remarks
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Data Acquiring and Testing: Long Journey of Car Industry

Timeline of establishing standards

1970 1978
Established Began testing for :
frontal impact .
1993 .
1996

Using 5-Star Safety
Ratings system

2000

Testing for side crash

Resistance to 2003 .
rollover crashes Rollover tests .
updated
2004 .
Launched 2006 .
SaferCar.gov Required

window labels

2010
Overall

Vehicle Score 2013

Prevent backover

incidents
2015
Crash avoidance

technologies 2016
Automatic emergency
Source: nhtsa.gov/ratings braking systems
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Supporting Tests

Frontal crash tests

Side crash tests

Roof strength test

Head restraints & seats test
Front crash prevention tests
Headlight evaluation

Seat belt reminder evaluation
LATCH evaluation
Verification

2021 INTERNATIONAL CAR SALES

66.7/m units

PASSENGER CARS ARE THE LARGEST CATEGORY OF
MOTOR VEHICLE PRODUCTION

5/m




Data Acquiring and Testing: Aviation Industry (IATA)

Safety and Flight Operations * Aviation Operations Data

Data Solutions o Incident Data eXchange (IDX)
o Flight Data eXchange (FDX)

Established to support a safe,  Meteorological Data

secure, efficient, and economical o Turbulence Aware

air transport industry that is o Roof strength test

environmentally sustainable. « Maintenance Data

o Repair and overhaul (MRO) SmartHub

Safety & Quality Data

o Aviation Safety Culture Survey (I-ASC)
o Integrated Management solutions (IMX)

Source: iata.org/en/services/statistics/safety-data/#tabl

In comparison, there is still some times and many steps away for acceptable
unmanned aircraft system (UAS) operations, specially in urban environments
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Like manned aircraft, cars, & driverless cars,

Mature, reliable, and sustainable UAS eco-
system & implementations for safe multiple-
drone operations take times,

and require several rounds of iterations, as
well as collective effort and mutual “trust”
among different stakeholders.
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Thank you for your interest!

Feel free to reach out for feedback and collaboration:

mkhlow@ntu.edu.sg
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