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NASA Airborne Wildfire Support Heritage asa

1970’s — early 2000’s 2003 - Current

NASA-ARC collaboration with CA to support WRAP: Wildfire Research and
disaster events with “as-needed” / available Applications Partnershi D

airborne sensor data (agreements date to mid-
1970’s). Collaboration to evaluate, test, mature

NASA Earth Science Research Aircraft with and implement emerging technologies,

) instrumentation, and models into
thermal sensing systems supported over 100 : L : -
L : O ) operational utility, improving capabilities to
fires in period with digital imagery on fire

L manage wildfires.
locations:

« NASA C130
« Supported Oakland Hills Fire Focus on Parther needs:

* Supported Yellowstone NP complex » Platforms (UAS) for observations in
* NASA U2/ER-2 hazardous fire environs.
+ Supported numerous CA fires Improved sensor systems.

* Yellowstone NP complex . .. ]
Time-critical, real-time data
collection and delivery.

Adaptable visualization system for
wildfire incident assessments.

Industry
Academia

Research to Operations: Partnership is Key
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Why NASA and USFS Fire collaborations????

Original USFS- RSAC (FRAP) co-located at NASA-JSC in 1970’s to share / evaluate remote sensing data (primarily airborne) for forest studies.

NASA-ARC was “home base” of the Airborne Science Program Aircraft in late 70’s to early / mid 1990’s.  A relationship between the RSAC and ARC developed around aircraft sensing systems support to forest resource analysis and ER-2 pilots “supported” requests for “catch-as-can” multispectral data over fires along / near their science flight mission routes.

WRAP created / funded in 2003 to “formalize a relationship between USFS (RSAC) and NASA to improve observation technologies, processing, data distribution, data sharing.
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Possible UAS Fire Applications
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UAS For Natural Resource Assessments Workshop
CSUMB 2005
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Presentation Notes
In 2005, a UAS for Natural resource Assessment Workshop was organized by NASA and held at CSUMB.  The resource community was invited to develop UAS utility scenarios, based on priority measurements and needs of the various communities.  The graphic illustrates a brain-storming session discussion on uses of UAS platforms for wildfire / disaster scenarios.
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Forest Service Aviation

Owns and operates 27 aircraft and
helicopters

Contracts with over 800 aircraft and
helicopters annually

Missions Include;:

Fire surveillance
Aerial reconnaissance
Air Attack

Delivery of smoke jumpers

Firefighter and cargo transport
Aerial delivery of retardant and water
Natural resource management
Research

CAN UAS AUGMENT THESE AVIATION ASSETS?
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Presentation Notes
USFS currently does not have many aircraft they own.  They contract many aircraft (retardant bombers), lead planes, helicopters from private certified vendors.

The questions that the USFS poses is: Can some of these jobs done by manned aircraft be done by UAS
 	More Efficiently,
  	Cheaper,
	Faster,
	Improved results?

Does the USFS then choose to procure the UAS or contract the UAS services.  Maybe procure UAS and contract the maintenance.


Two-Track Approach to Evaluating UAS

Large Platforms
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Presentation Notes
  When discussing UAS assets within the context of wildfire observations, much like the DoD, “one-size-doesn’t-fit-all”.  To simplify, UAS mission support roles can be broadly classed into two categories:
 Strategic Observations
 Tactical Observations

  Strategic observations are those requiring large-area coverage of fire events / multiple fire events per mission, while tactical observation missions are those supporting individual “teams” in the field, making real-time decisions on the fireline, mop-up operations, etc.
  Think of it as the same model as the war-fighter operational use of UAS assets.  The large, high-altitude assets are used to provide a SYNOPTIC view of the “battlefield”, providing Incident Command (like Pentagon) with strategic intelligence; while the tactical, small UAS assets are used by Hot-Shot crews, BAER teams, line-crews to provide them situational awareness on their immediate vicinity and “just-over-the-hill).  Those tactical crews would get the information fed directly from the platform to them on the “front-lines”.


Forest Service UAS Strategy NASA

Augment, NOT replace, manned aircraft assets!!

Work with partners to identify niche applications that are underserved
by current technology;

Keep the approach simple; work on doing one thing well before adding
additional capabilities;

Provide unified systems that are affordable and have compatible
operations;
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  The USFS DOES NOT see UAS replacing manned aircraft, but sees a future of mixed use and augmentation by UAS to some mission roles / job categories.
  Some of the niche applications currently being investigated where tactical UAS may prove beneficial include:
  Night operations, when rotorcraft are grounded, airspace is “cleaner”, fire is not “ripping-and-roaring”
  Field teams, Hot Shot Crews, Line-Crews: for localized awareness / intelligence
  Mop-up Operations: where crews have to make sweeping decisions on small residual fire pockets that need to be put-out / mopped up
  Post-fire Burned Area Assessment and Burn Severity mapping: To quicken the determination of watershed areas that require remediation actions and access inaccessible terrain for more rapid assessment from imagery / video.


O
Fire Traffic Area (FTA) Environment

After obtaining a COA, there are additional
challenges to using UAS on wildfires...

Lat / Long
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  Airspace over fires is congested with multiple aircraft operating in, or transitioning through the fire airspace working environment.  Even though a TFR is established to preclude intrusion by some aircraft, internal to that TFR there are FTAs that regulate aircraft patters, altitudes, holding zones and work zones.  Integrating UAS into this compact, busy environment is problematic.
  One just can’t walk in to an event and “launch” a UAS
  Must de-conflict with other fire-support aircraft that have the “right-of-way” while still avoiding the “public” aircraft (news helicopters, resident aircraft, transport aircraft) that might be in vicinity (and are allowed in the area.
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Demonstrating Strategic Assets: NASA Ikhana UAS

NASA Ikhana with Sensor Pod

NASA “lkhana” UAV :
under-wing mount

The Ikhana is a derivative of the
Predator B (MQ-9) “Reaper”
UAV, designed as a NASA
science and research platform.
“Ikhana” is a Native American
Choctaw-nation word meaning:
“Intelligence, Conscience or

Aware”.
Autonomous Modular
Sensor (AMS)

Length: 36 feet,

Wingspan: 66 feet

Operations: ~50K ft;

Endurance: ~24-hours

Speed: 170-200 kts ,
Payload: 2400 Ibs of instruments [§& 8 --
Max T/O weight: 10,500 pounds **=
C&C and sensor telemetry: C-
band (local) & Ku-band (global)
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Presentation Notes
Between 2006 and 2009, the USFS and NASA developed autonomous capabilities to demonstrate “strategic” wildfire observations with a large UAS platform (NASA Ikhana (Predator-B)), a 16-channel multispectral channel sensor (AMS), a satellite data telemetry system, and on-board real-time processing over many fires in the western US, providing data directly to Incident Command Centers to affect daily planning, logistics, and resource deployments supporting the wildfire crews.
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Autonomous Modular Scanner (AMS)

Two environmental enclosures

AMS Wildfire Sensor (data disks & GPS; and power Data System

supplies & controllers) Enclosure

Band Wavelength um

0.42-0.45

0.45-0.52 (TM1)

0.52-0.60 (TM2)

0.60 - 0.62

0.63-0.69 (TM3)

0.69-0.75

0.76 - 0.90 (TM4)

0.91-1.05

1.55-1.75 (TM5) (high gain)

2.08 - 2.35 (TM7) (high gain)
3.60-3.79 (VIIRS M12) (high gain)
10.26 - 11.26 (VIIRS M15) (high gain)
1.55-1.75 (TM5) (low gain)
2.08-2.35 (TM7) (low gain)
3.60-3.79 (VIIRS M12) (low gain)
10.26 - 11.26 (VIIRS M15) (low gain)

1
2
3
4
5
6
7
8
9

Total Field of View: 42.5 or 85.9 degrees (selectable)
IFOV: 1.25 mrad or 2.5mrad ( )
Spatial Resolution: 3 —50 meters (variable)
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AMS sensor description.  Originally configured as the Landsat TM Airborne Simulator, with TMS channels in exact position as on the Landsat 5 and 7.

Two (four with dual gains) TIR channels (11, 12, 15, and 16) were modified to replicate the NASA / NOAA Visible Infrared Imaging Radiometer Suite (VIIRS) thermal channels to allow assessment of fire detection from that satellite sensor mission.  Additional channels allowed veg assessment, corrected false positives (using the visible red reflective band) and allowed for post-fire burned area assessment (burn intensity), equivalent to Landsat-derived burn intensity measurements.


2006-2009 Western States Fire Mission NASA

~ 3

NASA/USFS collaboration via Wildfire
Research Applications Partnership
(WRAP)

Missions conducted using NASA lkhana
UAS

—Standard MQ-9 Predator B / Reaper
w/o “Skyball”; o

Mission Plan:
— One LE mission/week
— 4-5 missions/summer

Mission Durations:

— ~20+ hours ResUlfs:
-:‘%22_-r'ni{ssions
Flight Altitude Operations: ¢ S22 ElES B e .
:.--'iFraversed 8 westernistatesy - L “TEx
— FL230 (23,000 feet MSL) 4"« 2130 operationallhours iff the National-Airspace .+~
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Missions flown over a 4-year period (started in Fall of 2006), using the “new-off-the-shelf” NASA Ikhana (Predator-B) platform, which was delivered to NASA AFRC in December 2006.
  First missions in 2006 were actually flown aboard the NASA ALTAIR UAS over a few prescribed fires, and then the Esperanza Fire (late October 2006).
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Processing Architecture

Airborne Element Ground Element

AMS POS/AV : 5 Clntemet End User)

Scanner IMU/DGPS | P N A

Web Server

Functions:

« Collaborative Decision Environment
* Image Server: Level-2 GEOTIFS &
Science Products
Track Maps

Digitizer
Functions:

- Image Data Capture (ADC)
* NAV Data MUX

(zez-su) e1RA ZHOOZ 'S 1INd

Shared
Storage

Shared
Storage

*——

Sat Com Link
Payload Computer —~—__ Ground Computer
Functions: |3 Mbs Ku (Full Res. Imagery) ] Functions:

- Automated Image Geo-Correction * IMM Interface

Leve 2 uun—— ) * Query Handling
Y O 9.6 Kbs Sensor C&C, IMM) * Sensor C&C
» On-Demand Image Subsetting

- |
<Product QAIQCD
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Data flow architecture for collection, real-time autonomous on-board processing, data telemetry, and web-sharing on the ground.


On-Board Processing

Develop useful fire spectral band combinations for different
collection scenarios (day / night):

— DAY: b12(10.26 -11.26 um), b9 (1.55- 1.75 um), b11 (3.60- 3.79 um)
as R-G-B;
— NIGHT: b12 (10.26 -11.26 um) for night ops
Develop R/T “hot-spot detect algorithm”:

— Modified CCRS algorithm:

Fire = If b11 (3.60- 3.79 um) brightness temp > 380° K; and b12
(10.26 -11.26 um) brightness temp > 240° K; and b11 - b12° > 12K;
and Band 7 (0.76 — 0.9um) < 0.22 (screen high reflectance
commission errors).

Develop R/T BAER visualization spectral band combinations:
- b10(2.08 -2.35 um), b9 (1.55-1.75 um), b7 (0.76 - 0.90 um) as RGB

Develop R/T post-fire, calibrated NBR algorithm data:

b7 -b10 where, (b10 (2.08- 2.35 um); b7 (0.76 — 0.90 um))
b7 + b10
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Level II products, derived from the AMS sensor, were processed on-board the aircraft on a separate processing board.  The processing models / algorithms could be modified on the ground, and sent as command to the platform through the telemetry link, allowing a suite of different processes to be run, dependent on the products that the incident teams / science managers wanted to derive from the AMS data.  Additionally, geo-rectified imagery (3-band color composites) were developed as “visualization” products.  The hot-spot algorithm model, run on the AMS raster data, was output as a series of vector files (polygons) for use in GIS systems or web-map services.

The hot-spot detection algorithm is similar / near identical to those algorithms run by the CCRS for AVHRR data, by USFS / NASA / NOAA for MODIS satellite fire detections, and similar to the algorithms run by USFS on their sensor data collected from their NIFC NIROPS National Asset aircraft sensors.


Provide adaptable, user-driven, automated, real-time
products from an airborne sensor directly to disaster
management personnel

TR PR
& fire (yellow) derived -
oM AMS, imagery.
Impact:
R/T data, visualized in simple format, allows time savings in
resource allocation and cost savings in fire mitigation!
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Typical “strategic” products derived from the AMS and delivered to IC (or to the NIFC FTP site for access).  All data must be OGC-Compliant and no special formatting should be required, or specialized GIS handling should be required.


Western States UAS Fire Imaging Missionshass

NASA Wildfire Support
2006-2011

2006: Esperanza Fire

2007: Zaca, Tar, Babcock, Colby, Butler, North,
Fairmont, Grouse, Lick, Bald, Moonlight, Jackrabbit
(CA), Trapper Ridge (ID), Castle Rock (ID), WH
(MT), Columbine (WY), Hardscrabble (WY), Granite
Creek (WY), GW (OR), Big Basin (OR), Domke
Lake (WA) South Omak (WA), So. CA Firestorm:
Harris, McCoy, Witch, Poomacha, Horno / Ammo,

Slide, Grass Valley, Buckweed, Ranch, Magic,
Santiago, Rice

2008: Piute, Clover, Silver, North Mtn., American
River, Cub Complex, Canyon Complex, Basin, Gap,
Camp, Cascadel, Hidden

2009: Station and Piute Fires (post-fire assessment)

2011: Lion, Eagle, Great, Coe Prescribed Science
Burn

PLATFORM AIRCRAFT | FLIGHTS FIRES FLOWN
Small UAS Demo 1 various (3) 3] 2 (test fires)
Small UAS Demo 2 various (4) 10 1 (prescribed fire)
WSFM 2006 Altair 4 2
WSFM 2007* Ikhana 12 37
WSFEM 2008 Ikhana 4 16 —— 2
WSFEM 2009 Ikhana 2 2 (post-fire flts) WSV Amgate s (TS
TOTALS: 35 60 b

=

o »

- )


Presenter
Presentation Notes
Western States UAS Fire Imaging Mission Profiles for 2007, The 2007 Ikhana UAS fire season objectives were to showcase a few critical gap-filler needs of the fire community / strategic observation capabilities  The first mission (in red) was a demonstration of extent into the NASA and nighttime observations of a series of fires in high terrain relief areas.  The second mission (yellow) was focused on observations of wildfires near an urban area (Lick Fire, near San Jose, CA), where real-time data was critical to fire crews in a rugged, limited accessible area with dynamic fuels. The third mission (green) was a demonstration of long-endurance / long distance / multiple fire support stretching from Southern California to the Canadian border.  That mission extended over22-hours.  The fourth mission (blue) was another demonstration of an extended mission capabilities, into ARTCC zones (other than the LA / OAK / Seattle.  It also was the first mission that was allowed diversion from original flight plan by SLC ARTCC due to storms in central NV.  This total mission encompassed over 22 hours as well, and covered fires in ID , WY and MT.

Images are “in series” , overlain on each other as the presenter clicks through the presentation.


NASA Wildfire Support
2006-2011

B\ e |
!;‘ »
2006: Esperanza Fire e G

2007: Zaca, Tar, Babcock, Colby, Butler, North, -
Fairmont, Grouse, Lick, Bald, Moonlight, Jackrabbit

(CA), Trapper Ridge (ID), Castle Rock (ID), WH

(MT), Columbine (WY), Hardscrabble (WY), Granite

Creek (WY), GW (OR), Big Basin (OR), Domke

Lake (WA) South Omak (WA), So. CA Firestorm:

Harris, McCoy, Witch, Poomacha, Horno / Ammo,

Slide, Grass Valley, Buckweed, Ranch, Magic,

Santiago, Rice

2008: Piute, Clover, Silver, North Mtn., American
River, Cub Complex, Canyon Complex, Basin, Gap,
Camp, Cascadel, Hidden

2009: Station and Piute Fires (post-fire assessment)

2011: Lion, Eagle, Great, Coe Prescribed Science
Burn

PLATFORM AIRCRAFT | FLIGHTS FIRES FLOWN
Small UAS Demo 1 various (3) 3 2 (test fires)
Small UAS Demo 2 various (4) 10 1 (prescribed fire)
WSFM 2006 Altair 4 2
WSFM 2007* Ikhana 12 37
WSFM 2008 lkhana 4 16
WSFM 2009 lkhana 2 2 (post-fire fits)
TOTALS: 35 60

& 300" i e B i

Imsag & JOT Repipiinhe

Western States UAS Fire Imaging Missionshasa
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Western States UAS Fire Imaging Mission Profiles for 2007, So. CA Autumn Santa Ana Fires of 2007, and 2008 fire season.  2008 fire season started early in No. CA  (Late June) with thousands of lightning-ignited fires originating 22-23 June 2008).
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Western States UAS Fire Imaging Missionsiasa

NASA Wildfire Support
2006-2011

2006: Esperanza Fire * ' ; 1, ” }j"r'-"aﬁl;l

. WEFM #2 ;qﬁ
2007: Zaca, Tar, Babcock, Colby, Butler, North, .r" { 19 Julv 2008 £ .
Fairmont, Grouse, Lick, Bald, Moonlight, Jackrabbit / & : =0 y "

(CA), Trapper Ridge (ID), Castle Rock (ID), WH e U i D t 2.0 hours

(MT), Columbine (WY), Hardscrabble (WY), Granite 1w e 'f' v "'&"" -"l:‘“ !H

Creek (WY), GW (OR), Big Basin (OR), Domke N W /e

Lake (WA) South Omak (WA), So. CA Firestorm:

Harris, McCoy, Witch, Poomacha, Horno / Ammo,

Slide, Grass Valley, Buckweed, Ranch, Magic,

Santiago, Rice

2008: Piute, Clover, Silver, North Mtn., American
River, Cub Complex, Canyon Complex, Basin, Gap,
Camp, Cascadel, Hidden

2009: Station and Piute Fires (post-fire assessment)

2011: Lion, Eagle, Great, Coe Prescribed Science WSFM #1
Burn 8 July 2008

9.5 hours

PLATFORM AIRCRAFT | FLIGHTS FIRES FLOWN
Small UAS Demo 1 various (3) 3] 2 (test fires)
Small UAS Demo 2 various (4) 10 1 (prescribed fire)
WSFM 2006 Altair 4 2
WSFM 2007* lkhana 12 37
WSFEM 2008 lkhana 4 16
WSFM 2009 lkhana 2 2 (post-fire fits)
TOTALS: 35 60
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Western States UAS Fire Imaging Mission Profiles for 2007, So. CA Autumn Santa Ana Fires of 2007, and 2008 fire season.  @008 fire season started early in No. CA with thousands of lightning-ignited fires originating 22-23 June 2008).

Images are “in series” , overlain on each other as the presenter clicks through the presentation.


Canyon-Cup Complex Fire; No. CA I8 July 2008.

» Fire advancing on Paradise, CA.

* Incident Commands employed R/T info to effect resident
evacuation and improve fire management strategies

Basin Fire Complex Fire,

Big Sur, CA; 8 July 2008.

* Unknown fire expansion
areas (NW and SE);
Smoke inversion
“blinded” Incident
Command teams prior
to this NASA data
collection.

Google -

Station Fire , Pasadena, CA 19 November 2009.

» Burn Area Emergency Rehabilitation (BAER) imagery used by
the fire recovery teams to determine burn severity and take
remediation action prior to onset of winter rains on the steep,
denuded slopes.
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These three data sets depict critical usage and adaptation of NASA-derived model and sensor data on wildfires to improve decision-making and disaster planning and management on those events.  Each represent advances in real-time data and algorithm processing, providing Level II products, direct from NASA sensor systems.  More recent advances (2009 and 2010) are focused on showcasing new algorithms for pre- and post-fire condition classes, adding a new capability to uses of multispectral, geo-corrected data.  Because of these advances, the USFS has invested in sensor development processes with industry to derive systems capable of duplicating the NASA-developed AMS sensor.  Another success in demonstrating the “NASA Science  to Operations” technology development model.


= _ _
Post-Fire Rapid Burn Assessments NAsA

Objective is to
prepare a Burn
Area Emergency
Response plan
within 10 days of
fire containment

Satellite and
airborne remote
sensing support
rapid identification
of areas posing
high risk (erosion,
mudslides, etc.)
and high need for
treatment.

AMS Normalized Burn Ratio (NBR) and Landsat Burn Area Reflectance Class’n (BARC)
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Normalized Burn Ratio Data created R/T from AMS data over Station Fire, Pasadena CA, 2009.

Reasons for 10-day mandate: quick assessment for rehabilitation / stabilization of ecosystems, terrain, stream channels, etc.
When satellite data not available, USFS can now use airborne AMS data for real-time solution and fill-in, running same model as Landsat BARC
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Real-Time Info Direct to First Responders Nasa

Right Information, to Right People, at the Right Time!!

*‘)‘ . T ._

—

IKHANA &
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Image (upper left) shows what the firefighter on the ground sees.
Image (top center) is the NASA Ikhana unmanned aircraft with the AMS infrared sensor which can image the fires through the smoke and determine the location and movement of the fire fronts
Real-time-delivered AMS Fire detections (upper right) for the San Diego County Harris Fire, along Mexican border, are shown in landscape 3D perspective views, allowing incident teams to ascertain fire movement on various terrain elements.
Image (bottom) is San Diego County Emergency Operations Center (EOC) on 25 October 2007 at height of SoCA fire siege. Left Screen in EOC is Collaborative Decision Environment tracking real-time location of NASA Ikhana UAS and AMS sensor collection over San Diego County fires.  Flight plan track information is shown, as well as real-time feeds of NASA MODIS satellite current fire detections.  AMS data as collected, appears in real-time on display to allow rapid decision-making.
Partnership between NASA, US Forest Service and CalFIRE; Key element is understanding partner requirements and fitting framework of national incident command structure needs
End to end systems approach – deep understanding of fire science; IR (infrared) sensor technology; web based “sensor web” data delivery; intelligent systems software adapted from s/w developed for the space program (Mars Rovers); putting data into the hands of first responders in near real time (in this image showing the aircraft flight track).
Collaborative Decision Environment (CDE) software architecture developed by NASA adopted by USFS at NIFC (National Interagency Fire Center – Boise, ID) for tracking and managing wildfires across US
Testimonials from Fire Fighters/First Responders on the ability of NASA technology to make a quantum leap in their ability to fight and manage fires and SAVE LIVES; specific examples of timely data leading to evacuation decisions and lives saved on numerous firestorms in California, particularly in 2007 and 2008.
Recognized by then Gov Schwarzenegger and CalFIRE Chief – value to California and the nation; specific examples of timely data leading to evacuation decisions and lives saved
NASA-developed Autonomous Modular Scanner (AMS) instrument being loaned to USFS to support OPERATIONAL use on USFS aircraft for national emergency wildfire intelligence collection. Partnership between NASA and USFS will allowed shared access to sensor and data to improve fire science collection and support national needs for disaster intelligence collection.
Technology has cross-cutting adaptation for supporting other disaster events with critical, real-time airborne intelligence, directly into hands of incident teams.
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Tactical UAS — Right Tool For Right Job  asa

TaC“CaI (S UAS) FiriUAS (LARP) Fire Effort, 1961

The situations where tactical UAS can support
wildfire observations:

Fireline Supervisors use to provide real-time photo /
video and IR imagery in tactical situations;

Direct support to fireline operations / hot-shot crews;

Conditions where manned aircraft are undesirable
(smoke, night, difficult terrain, etc.);

Fire support by sUAS is required immediately;
Ability to launch quickly;

Mop-Up Operations / Spot Fire
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The title is the question one must ask about the use of large or small UAS on a Fire….Is it the Right Tool For the Right Job?

What Are the “Right Jobs” for sUAS (Tactical).

This image shows the first known use of a small UAS by USFS in fire assessment experiment in 1961 in So. California.


UAS Fire Products NASA




e Conducted primarily to assess UAS
for fire management objectives:

— Short/long endurance missions
— Incident intel and communications

e USFS role:

— Evaluate entire system

— Report, develop guidance documentation

e UAS payloads and capabilities:

EO/IR video and mapping cameras
WX sensors
Communications relay

Software technologies to generate NRT
geospatial products

Aircraft modifications for nighttime ops
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 Forest Service has conducted several UAS demo/eval missions; Stand down was issued by F&AM in summer 2011 until agency UAS policies/plans are implemented
 Evaluate capabilities for meeting mission #2 of CONOPS objectives (long endurance, fire detection/fire behavior observation missions)
 Entire system is evaluated: platform, sensors, telemetry, comms relay, software for processing data and development of geospatial derivatives, command/control, etc.
 Conducting these tests with the same contractor allows for a linear process in technology evaluation; each mission builds upon the previous mission
 RSAC evaluates technologies, reports and make recommendations for enhancements for future missions; and develops SOPs for missions and guidance documentation for contracting these services in the future 
 RS-16 platform
 Catapult launch/skid landing
 12’ 11” wingspan
 ~12-16 hr endurance
 40-50 knots cruise
 25lb payload capacity
 15,000 MSL ceiling
 RS-20 platform
 Catapult launch/skid landing
 17’ 3” wingspan
 ~12-16 hr endurance
 65lb payload capacity
 15,000 MSL ceiling
 Ravens
 Hand-launched
 ~3ft wingspan
 EO/IR video capable
 ~ 1 hour endurance
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Scan Eagle TIR

RxCADRE — Prescribed Fire Combustion Atmospheric Dynamics
Research Experiments; Eglin AFB February 3-6, 2011.



Radio-Repeater & 35 ft Long — Hyper-blimp.
High Resolution Imagery

Initially tethered, autopilot used to
keep airship on station.

Future variants may have EO/IR
sSensors.
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USFS also intrigued by use of RPV airships as a comm relaty point in heavy terrain fire regimes, as well an imaging system over fires areas od far less active fires.




Points to Consider

e Integrating UAS into fire operations is complicated,
but not impossible

« UAS augments manned aircraft capacity
— Expands the “tool kit”
— Transfer of technologies

e It's also about the mission objective, the sensor and
related technologies
—.Sensor characteristics
— Data and products

— Communications; Delivery and dissemination of
data/products

« UAS-derived data and.intelligence can potentially
Increase the safety*and effectiveness of firefighters



Points to Consider

e Large UAS uses on wildfires will continue to be ad-hoc (CBP
Support, etc.);

« SUAS are being evaluated, and in some cases operationalized in
agencies (DOI-USGYS);

« USFS UAS Advisory Group developing agency guidelines for UAS
use on fire and other support efforts;

« Agencies exploring the “own / contract” tradeoff for UAS fire use;

« SUAS seen as augmentation to fire aircraft operations,
supplementing rotorcraft ops /and dangerous conditions (night /
smoky, etc.) use;

» As sUAS platforms.are surplused from DoD to govt. agencies,
there will be a push to utilize in disaster / wildfire support.




Contact Info

Vince Ambrosia
vincent.g.ambrosia@nasa.gov

Everett Hinkley
ehinkley@fs.fed.us
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