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Introductioni UAS Application Examples

Commercial: Scientific: '
ASurveying and Mapping  AEnvironmental Monitoring
Aorestry Agriculture Adyper spectral Imaging
Maintenance Aarchaeology

ANews and Media Support ANatural Resource Exploration

First Response Security:
ASearch and Rescue ABorder Patrol

A aw Enforcement ASurveillance
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UAST Various Challenges

A Command-and-control, tele-operation, beyond visual lineof-sight (BVLOS);
A Regulatory/legal issues for operation of UAS;
A Liability and insurance issues for the operators;
A Safety case including:
» System safety assessment NS S i

AReassessment <: Communication Link, |t O
functions Control system

A Assessment of impact of new
functions

» Ground impact hazard
» Midair collision hazard
A Detect (sense) and avoid
A Collision avoidance Aircraft by Francis XGoversi, Decemberl8, 2013 -
A Autonomy, etc.
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Flying Aerial Vehcles

Strategic (longterm, large spatial region, low update rate)
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Human Information Processing and LOA

A Stage 1 Information acquisition (IAcq);
» points all sensors, processes their information, and stores this information in memory.
A Stage 2 Information analysis (IAn);

» consists of most cognitive functions such as performing inference processes (e.g. state estimators an
predictors) and working memory (of past, current and previous measurements and state estimates).

A Stage 3: Decision selectiofDSe);

» makes decisions based on the analyzed information.
A Stage 4: Action implementation(Almp);

» performs one or more actions based on made decisiol-

Can be applied to all stages of typica
flight controller, planning and flight
management approaches

Levels of Autonomy
Low 1 | Thecomputeroffersno assistancehumantakesall decisionsandactions
2 | Thecomputeroffersa completesetof decision/actioralternativespr
3 | narrowstheselectiondownto afew, or
4 | suggest®nealternative
5 | executeghatsuggestionf humanapprovespr
6 | allowsthehumanarestrictedtime to veto beforeautomaticexecutionor
7 | executesautomaticallythennecessarilynformsthe human,and
8 | informsthehumanonly if askedor
9 | informsthehumanonly if it, the computerdecidego.
High 10 | Thecomputerdecideseverything,actsautonomouslyignoringthe human
From: ParasuramanR., Sheridan, T.B., anlfickens C. D. ifA Model for Types and Levels of Hu ma

Systems, Man, and CybernetRart A: Systems and Humans, Vol. 30, No. 3, pji.2B862000.
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LOA Implementation Example

User Input (Ul) in
case of manual

override / \
Environment
DSel LOA: 7 DSel LOA: 10 DSel LOA: 10
Almp LOA: 10 Almp LOA: 10 Almp LOA: 10
L . Unmanned
> oission  t( }—>{ Navigation > j——>f FOWievel flignt > Aircraft
g AN A Systems (UAS)

/ Position Attitude and velocity )

Vehicle ]
Trajector Vehlqle p GPS + Baro +
Memory State Estimator AHRS sensors
IAn LOA: 7-1 IAn LOA: 7-10 IAcqg LOA: 10 _i

N /

In addition, a certain navigation (and surveillance) performance may
be required to perforrertain missions or flight procedures (i.e.,

O H I 0 accuracy, integrity, availability, continuity) 6
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Low Altitude Usel GNSS (GPS) Challenges

A Part 107 - Operational limitations (excerpt):
» < 55lbs, unaided Visual linef-sight (VLOS) even if first person view (FPV) is used;
operation of only 1 UAS at a time; daylight operations;

» weather visibility: >= 3 miles, <100mph (&%) , <= 4006 AGL (exce|
structure),

» Not in Class A; Class B, C, D with ATC permission; class G allowed without ATC
permission

» UAS must be registered, must not fly over people, must not fly from a moving vehicle
A Operator certifications (excerpt):
» Must be at least 16 years old, pass an initial aeronautical knowledge test at-@pprased
knowledge testing center, be vetted by the Transportation Safety Administration (TSA), et

FL 600

Airspace

Classification wous Rural, openrsky  Available, vulnerable
Rural, foliage Challenged
Suburban Available, vulnerable
Urban Challenged
Indoor Not available/low signal

strength/multipath
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Low Altitude Use- UAS Traffic Management

NASA UTM Concept Google UAS Airspace System Overview

| o 1 F HOFO 20 7O FRT0

o T

AIRPORT

Amazon Airspace Design for
Small Drones

Integrated Airspace

500f/152m -

European U-space

400ft/122m -

200f/61m -
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General Approach

Sensor Reference Reference Sensor
data data 7
F\\ \\ /,/ //ﬂ
. \ 7 .
Motion ~_ \* g/ , Motion

compensation's ./ compensation
N\ 4

2.

Self-contained Senso(l nertial)

A

Motion
compensation

Reference
data

|

|

|

|

|

|
¥

Inertial drift
mitigation GNSS

Goal: combine(integrate or fuse) data from multiple sensors (or navigation aids) in such
a way that theequired navigation performance (accuracy, integrity, availability,
— continuity) of the intended operation can be netqured navigatior). —
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GeneralApproach- Example

Laser Range Scanner$ Reference Reference Vision Sensors
data data 1
k\ \\ /// /’ﬁ
Motion '~ N e " Motion
\ * g 7

compensation's ./ compensation
\ 4

ya

Self-contained Senso(l nertial)

Motion
compensation

Reference
data

- —— = >

Goal: combine(integrate or fuse) data from multiple sensors (or navigation aids) in such
a way that theequired navigation performance (accuracy, integrity, availability,
— continuity) of the intended operation can be metqured navigatior). —
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Scenario Example

Outdoor without foliage
(Aclear skyo)

AStructuredo indoor with mufaisifiop fodndoor
path options

Mission: indoor mapping for search and rescue
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Mode 22 GPS+ Inertial + Laser/Vision;
Featuresvegetationmanmade objectsuildings, etc.

Mode 4 Inertial + Laser/Vision; Mode 3. Transition
Featuresmanmade objectsvalls, etc
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NStandar do C
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Flight Results Example
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Mode 4: Sensor IntegratidnLaser Example
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