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What are UAS?

Unmanned Alicrait Systems’ inciuade:
s Alrcraft, communications; systems and pliot.

Avariety off UAS are: currently availanle;
Many: more are  unader develepment.

Sclentists: What can they do?
Engineers: What de you want them| to do?




Why use UAS?

Fhe techinelegy! Is evelving) and Is likely te
preduce uniguer capanilities:

Erem the military:

Dull

DIty

Dangenous

I the Beginning, applications are likely te
be very expensive.




Silver Fox & Manta UAS Evaluation Project
Upolu Point, Hawaii, March 15, 2006

A United States Navy Special Clearance Team 1 program
NOAA Ocean Service, Marine Sanctuaries Progam Objectives

Siliver Eox: i
equipped with '
fixed (20 degree
offset) EO/IR

Cameras

Equipped with
gyro-stabilized,
turret mounted
gimbaled

camera system




Silver Fox & Manta UAS Evaluation Project
Upolu Point, Hawaii, March 15, 2006

To evaluate these platforms for their surveillance
potential for use in National Marine Sanctuaries

Determine whether systems can be used to spot and/or
Identify individual whales and pods of whales

Evaluate potential to control and/or launch from a vessel
Determine whether these systems can be used to identify

vessels, activity aboard vessels and to document precise
locations of above — NOAA Fisheries Enforcement




Maldives AUAV Campaign, Island of Hanimaadhoo
March 05 - 31, 2006

Scripps Institution of Oceanography, UC at San Diego

Objectives: to observe Aerosol-
Cloud-Radiation-Climate

Interactions Simultaneously from

three Stacked Autonomous

Unmanned Aerial Vehicles (AUAVS) =-- -
Groupings of

Determine how the microphysics of
clouds can affect the radiative
properties.

NOAA provided support




NASA/USDA-ES Eire Mission

Summer 2006




Esperanza Fire Rapid Response 28-290ct 2006

An extension of the recently-completed
Western States Fire Mission.

FAA approved a COA in less 9 hours.

Fire mission teams from NASA Ames
and NASA Dryden mobilized 10/27 to
upload the AMS.

The AMS sensor fed real-time IR
Imagery of hot spots to the California
offices. Altair flew for 16.6 hours. Multi-
spectral infrared images were remotely
processed on board the aircraft, and
broadcast in near real-time via satellite
for dissemination to the fire community.




18.4 h NOAA Mission
-14/15 November 2005




Initial Results from UAS
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Future Direction of UAS

I the leng-temnm:
Impreve weather and climate: predictions.

I the short-term;:
Develep capanilities and demonstrate

PENETILS.
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Long-term vision

Oceans comprise ~70% of Earth’s surface Dr. Alexander MacDonald

Climate: Accurate climate sondes at every “climate point” (240 points equally
distributed over oceans and polar regions) every three days.

Weather: Adaptive observations over the globe every 72 hours, including
storms.

Buoys or AXBT’s at each ocean point, measuring temperature, current and
salinity down to about 2000 meters.

BAMS, January 2006




Idea is to use a HALE UAYV (e.g. Global Hawk) to take the most accurate
possible profiles from the stratosphere to deep in the ocean over as much
of the earth as possible.

State variables, forcing, chemistry - correlated with ocean measurements
from buoys

Global Hawk could be the Unmanned Aerial Vehicle platform:

Range: 14,000 miles
Speed: 350 knots
Altitude: 60,000 feet
Payload: 1960 lbs

Prime:Northrop




Dropsonde

GPS Dropwindsonde Specifications

Operate | Accur- |Resolu-| Time | Typ.
acy tion |Const. | Error

Pressure 1060- 0.5mb [0.lmb ([<0.01 [1.0mb
Temperature |-90 to 0.2°C |0.1°C |2.5to |0.2°C

45°C 3.7s
Hum1d1ty 0to 2.0% 0.1% 0.1to |<5% Egzggﬁ?agﬂimensiﬂns

100% 10 sec T ioo Y
Winds 0to 150 [0.5m/s [0.1 m/s 0.5 to

m/s 2.0ms

callects the data fro

GPS satellites used to calculate
wind speed and direction

Prassure sensor

dstemperature,
Humidity sensors and GPS (wind)

an temperature sehsor

Sonde Dimensions
Length: 16"
Diatneter, 275"
Wight: 0.85 Ibs.




Unmanned
Aircraft
Systems have
great potential
to fill this void

Tier Three: Geostationary
Operational Environmental
Satellites (GOES)

~

Tier Two: Polar
Operational Environmental
Satellites (POES)

Tier One (proposed):
Air Platforms

* Globe covered
every hour with
5 satellites

850 km

* Globe covered
every 6 hours
with 3 satellites

* Globe sampled
every 72 hours
with 10 vehicles
(proposed)




NOAA'S Proposed UAS Stations

A% | A
4 Gulf of Mexico




UAS In Alaska and the Arctic

Pl dirty: andf dangerous; often apply. te
e Arctic

Unigue acvantages:

a Sparsely pepulated

s Scientifically impertant

= POOr meniterng capanilities

x Many: USes; heyonad environmental
measurements.










Pecadall Temperature Change

Arctic temperature during the 20th century
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Unmanned Alrcraft can offer a
URIgUErcapaRIAterAIESKe

Weather and Climate: Veasurements
Long-endurance flights (greater than S0 heUrsS).
[Dangereus: situatiens

Search and Rescue

IHemelandl Security.

V/olcanic emissiens and pollution: plumes

Marne Vammal inventeres

Eisheries Enforcement

Pipeline monitoerng




Arctic; Climate and WWeather:
Chanoes and Impacts

Some of the strongest
changes of the' past twe
decades have heen
ORsenved In the' Arctic.

hese changes have been
complex geegraphically: and ﬁ‘,
temporally.

Native Alaskans talk about & ‘f* - H
oW the Weather has '
changed, Peceming mere

UnRpredictanie:

Changes In| Arctic climate
can efifect the entire glebe.

Attributioniis still the big




SEA ICE:

Amount and quality of sea ice can
change rapidly in the Arctic. Current
monitoring is inadequate to
understand changes and make short
or long-term predictions about
conditions of the ice.

'.:Ir - - LT B o o " ~a - - A
U 1979-2000 mean = 9.3 million &0 km

1975 1980 1985 19490 1958 2000 205 2010
slope = -4 1{+/-1.5) % per decade




Wildlife Monitoring

Alaska’s coasts and marine
sanctuaries are so large in area
and geographically diverse that
a UAS would greatly increase
the knowledge of what is
happening in these sanctuaries.

Long migration paths can require
Long-range monitoring capabilities.




Search and Rescue: UAS can offer a unique capability to communicate over land
and ocean. UAS can go into dangerous
situations and can fly low for long periods of time.
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Homeland Security

Monitoring of the Alaska pipeline —Routine flights could fly
along the entire pipeline route, allowing early detection of
pipeline hazards, potential spills, or terrorist attacks. The
UAS, flying in the stratosphere with high resolution visible and
infrared sensors, is not discernable from the ground, and thus
Is particularly valuable for detecting potential sabotage.




Sensitivities

Elying ever Alaska reguires EAA
approval.

Elying ever the Arctic ©Ocean shoulalbe
accempanieal By multi-natienal suppert.
s GEOd press

s Need for emergency landing support
Native Alaskansiand Inuit need to be
consulted:

a Elying low: ever seme settiements may not
e welceme.

Flying Iow oVer Some: eCosyStems: may.
ave: currently, Unknewn IMmpacts.

Fallures, disappointments




UAS and the Pacific

Lack of
Measurements over
e Paciific limit
Weather predictions.

EcCosystem
MOeNIterng, fISNEHEes
enfercement are
clrrently Untractable
Pacific Typhoon ? :  ..

(August 7,
2006)




UAS Applications in the Pacific
(35% of earth’s surface)

Northwest Hawaiian Islands National Monument -
1400 miles from the mainHawaiian Islands. World’s
largest marine sanctuary This area is one of the most
pristine marineecosystems in the world, nearly untouched
by humans. It is home to morethan 7,000 species, many

Northwestern
Hawaiian
Islands

Ghost nets




Atmospheric Rivers — California Landfall Storms

SSM /1 Water Vapor (Schluessel algorithm)

January 03, 2005 Ascending Passes




UAS and Cyclegenesis

Pregress has heen made withr huracane
predictiens

Mere pregress s needed, particularly. for
several day fierecasts.




AL18
Early-cycle track guidance valid 0000 UTC, 19 September 2005
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AL18
Early-cycle track guidance valid 0000 UTC, 19 September 2005
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Extending Hurricane Prediction Lead Time
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Extending Hurricane Prediction Lead Time

EEEL T 1 ] VaC" 1 1
preaERm Lo i
i‘”@"‘% R . “p
= 5339: NN
@T%mdﬂﬂd f‘ r‘* LS ‘;}% e N
; a
Tﬁg | if5
iﬁi; : :
\.L'"’"\'w«/—-*-a.
5 | A Voo < BEAMUDA =
\\
K/\ j . e 7Y g
| 0
L gf Daly f -Day Forecast jims
4 CIVing Observing Area B? oy
B MEXICO o L\ J
A AR }' P
vl mw\'-mm He
i o LT paung
R ewows ST W-aies o
-\ﬁwh Ny m ﬂtE :
o L \) ﬁm 4
chu L s \%T ‘ Q
105°W 10w W WW 85w 8w W T0W W :IW ¥ ls"w‘)\_\ NII‘W AW uw 15W




Current Challenges

EAA Appreval

a FAA wants te make sure UAS are as safe as
conventienal aireratt systems

s Demenstrate safety.
x “Sense and Avoid?

Meeting 1in Beulder: April 4, 2007
Partnersnip




Current Challenges

Communication

x Beyond Horzonradds, te) complexities and
COSIS

Long-distance: coverage Wil require this
challenge: te e met.




Current Challenges

Cost:
s UAS) are very expensive at this peint.

s All new’ technolegies have Been expensive at
the Beginning

Cost of climate change efifects;and
mitigatien ane larger:

Comparahkle toe current satellite costs.




Current challenges

Natienal and

IRternational

Aceceptance:

x FAA IS enly one
component

Glebal vision reguires

agreement of

IAternational

communities.




NEXT SIERS

Define Initial geals

Continue Instrument develepnent
Carry oui: test missIens

Workwith the EAA

Work with the! UAST manuiactuliers

Work-withrallfinterested parties
Evaltiate results and redefine goals




