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Icing can form on:

* Propellers
 Stabilisers

* Engineintakes
* Exposed sensors

* Leading edge of wings
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DECREASED THRUST <

REDUCED LIFT

I
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INCREASED WEIGHT

mm) INCREASED DRAG



$10 000 000

/YEAR IN LOST EQUIPMENT

SEVERE CONSEQUENCES OF ICING

$250 000

MANPOWER & FUEL /WEEK

$250 000

UAV LOSSES /10 DAYS

Agroviranment

10 %

AFFECTED BY ICING

1 500 000

FLIGHT HOURS ON AV UAVS ALONE
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HEAVY
COMPLEX
INVASIVE
HAZARDOUS TO THE ENVIRONMENT

ALL ARE PILOT OPERATED



TEMPERATURE SENSORS ELECTRO-THERMAL SOURCE

CONTROL UNIT
&
POWER SOURCE
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ATMOSPHERIC SENSOR
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A UNIQUE SOLUTION TO A VAST PROBLEM

* Fully autonomous — First of its kind

e Patent pending — more in the pipeline

* Massive lab and on-site testing over past 3 years — Proof of concept

Model-Based Preliminary Flight Flight Tests
Icing Detection Tests Anchorage, Preliminary Flight Tests Flight Tests Ny-Alesund,
Algorithm INERC Ny-Alesund, Svalbard Antarctic Svalbard
Motivation, 4 4 4 A 4
Scope, and Spring October 2014 — Summer Winter
Challenges 2014 ; April 2015 ; 2015 | Fall 2015 | 2015-2016 | May 2016
| | : : : | | | —
Summer Summer April September Winter April 2016
2013 § 2014 § 2015 § 2015 § 2015 - 2016 ; ;
v v v v v v
Thermal Visiting Researcher Ground and Thermodynamic Wind Icing Tunnel Electro-Thermal-
cold room tests NASA Ames Flight Tests Analyses Experiments Based Icing
NTNU Research Center Arctic Detection
Algorithm



INTERNATIONAL COLLABORATION FROM DAY 1

INTERNATIONAL

END USERS

INTERNATIONAL UAV
MANUFACTURERS

NATIONAL
COLLABORATORS

@) AIRBUS

BOEEING

NORTHROP GRUMMAN

Ve Ve

Avroviranment

FF' Forsvarets
forskningsinstitutt

Norwegian Defence Research Establishment

MARITIME
ROBOTICS

@ AND@YA SPACE CENTER
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FUTURE WORK

Rotor UAVs

* No solutions today
* Our solution is transferable to rotary wings

Wind energy
* Ampyx power — UAV-based wind energy harvest
* Wind turbines

:

M:

Conventional Aireraft - | QMvEr
 Added value t B

-
* Increased fuel efficiency

* Less complexity
* Fully autonomous and adaptive
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