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Introduction




For decades, the Forest Service has provided and primarily relied upon a foundational fire mapping service, the National Infrared Operations program (NIROPS). NIROPS (as currently implemented) provides a good, useable product but has some limitations notably the products provided are often hours old and do not provide real-time fire mapping intelligence.  The intent of this effort is not to replace NIROPSS but to find and report other tools to complement NIROPS capabilities and address additional operational needs through other platforms, products and methods.   Field demand for real-time, near real-time day intelligence and growth capability must be addressed through a collection of different technologies and tools.  

NIROPS has a developed operational model that guides their current mode of operandi, which enables them to map many fires across large geographic areas. The Phoenix system defines hardware that facilitates the actual heat detection and mapping. The NIROPS operations are currently supported by two technicians who upgrade, maintain, and operate the two Phoenix systems, and six pilots. Combined technicians and pilots crew two NIROPS planes. The Phoenix system is capable of fulfilling operational needs/models that differ from the current NIROPS model. Agencies would have to facilitate additional platforms (planes) and personnel (contractors or government) to enact additional operating models.

Additional fire imaging and technology capabilities have become available within the agency, military and private industry. The Firewatch Cobra helicopter program is a successful tactical tool that started as a technology demonstration program. The two Firewatch helicopters are equipped with infrared and electro- optical (color video camera) (IR/EO) as well as a line of sight data transfer technology.  A night air attack group supervisor aircraft (Night Watch) with IR/EO has proven to be very successful in support of night helicopter water drops, ground based firefighters and day operations planning. The Aerial Firefighting Aircraft Use and Effectiveness (AFUE) study will have a dedicated aircraft with IR/EO and/or a wide area scanner to document airtanker and helicopter drops for analysis. Contract aircraft equipped with infrared/color video sensors are occasionally used on incidents.  Unmanned aircraft systems (UAS) are now being proposed to support fire intelligence. Space based imagery has had limited use, but has the potential to greatly expand. 

The use of this technology cannot be supported without decision support requirements and operational objectives which would support innovation, developing technology, and broader use of fire imaging and technology systems.  In the summer of 2016 a group formed to address the first step in that process: identify operational needs for fire imaging and to field test some of the available imaging and technology capabilities.  The group field tested two platforms: The Multiple Mission Aircraft (MMA) operated by the State of Colorado and the Distributed Real Time Infrared (DRTI) operated by the Department of Defense.  Note that there are other sources for similar services that we did not test in 2016.  Information collected during those tests along with a comparison of capabilities of the different sources available are included in this report.  

Contents:
· Operational Needs
· Comparison of Capabilities
· Description of MMA Capabilities
· Description of DRTI Capabilities
· Description of Firewatch / Cobra Capabilities (not studied but included in report)
· Conclusion
· Appendix
Operational Needs





Operational needs were identified for the various stages of detection and response.   Those needs were then used in evaluating the capabilities of various sources.  

Detection
· Early identification of smoke with coordinates of location
· Identification of starts based on lightning detection data
· Heat source detection
Initial Attack:
· Real time IR perimeter of entire fire displaying varying heat signatures
· Real time color video of entire fire and/or specific areas of concern 
· Data link for photo images and info from aircraft to ground resources to share information
· Real time mapping (Intterra or EGP) with ability to display proposed control lines, retardant drops, evacuation areas, structural assessments, etc. on real time digital maps in the air and on the ground as they are created
· Laser targeting of water and retardant drops
· Real time identification of known values, hazards or avoidance areas (powerlines, gas lines, retardant avoidance, critical infrastructure, etc.) displayed on digital maps
· Real time tracking of fire apparatus and personnel locations (heat detection and color imaging)
Extended Attack/Large Fire:
· All of the IA needs above
· Decision aid on evacuations and closures
· Monitor fire impingement of Management Action Points 
· Map Fire Perimeter
· Spot Fire Detection
· Direct forces to hot spots
· Monitor effectiveness of strategy and tactics 
· Large fires or complexes may need more than one platform and/or product to cover the operational needs
Post-Suppression
· Severity of burn
· Monitoring heat for reburn or escape sources
Organizational Level: (GACC, AA’s, IMT, etc.)
· Real time data continually updated in EGP at the macro level
· All updates, videos and maps created are continually archived for future use

Comparison of Capabilities




*Phoenix System is daytime capable but not currently utilized by NIROPS

	Capabilities

	Platform
	IR and Color Capability
	Day and Night Capability
	Video
	Real Time Link to Ground
	Display Product on Fire Map
	Air Attack Capability
	Cost
	Notes

	NIROPS
	Dual Band IR Only
	Night Only *
	No
	Capable
	Yes
	No
	$1250/hr King Air $1850/hr Jet
	Covers 6 mile swath width at 10,000 feet

	DRTI
	IR, EO
	Yes
	Yes
	Yes, range limited
	Yes
	No
	 
	

	MMA
	IR, EO Wide and EO Narrow
	Yes
	Yes
	Radio, text and email
	Yes
	Yes
	@ $1500/hour
	

	Night Watch AA51
	HD IR and color camera, Laser.
	Night only
	Yes
	
	YES
	ATGS assigned
	$5060/day availability
$2249/hr. Flight rate
	

	Firewatch Cobra
	HD IR and color camera, Laser.
	Day Only
	Yes
	Yes, BMS M/W data link, Rover units as well
	Yes
	ATGS assigned
	2,800 per FLT hr. includes ATGS, data van, on site GIS and complete support staff
	


	Initial and Extended Attack Uses

	Platform
	IA Perimeter
	Large Fire Perimeter
	Monitor Burnout Operations
	Monitor Impingement on MAPs
	Spot Fire Detection
	Direct Forces to Hot Spots
	Monitor Effectiveness of Tactics
	Locating People

	NIROPS**
	Not Real Time
	Best Use
	No
	Not Real Time
	Best Use
	No
	No
	No

	DRTI
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	MMA
	Yes
	Yes
	Best Use
	Best Use
	Best Use
	Best Use
	Best Use
	Yes

	Night Watch AA51
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes*
	Yes

	Firewatch Cobra
	Yes
	Yes
	Yes
	Yes
	Best Use
	Best use
	Yes*
	Yes


*Experienced ATGS is part of the package **Phoenix system has capabilities not utilized currently by NIROPS
[image: ]Considerations for use:MMA Aircraft State of Colorado



· Can communicate via radio or text and email
· Is not a scanner like NIROPS – will not cover a large area as quickly as the Phoenix Imaging System
· Because the operator must target the camera it is important to communicate what the mission is – either by identifying target areas on a hard copy map or kml (currently cannot use kmz)
· Fly day or night – day IR or Real Color, night IR only
· Cost is around $1,500/hr
· Flies at an altitude that does not interfere with other fire aircraft in the FTAFigure 1: MMA Aircraft

· Flies at up to 28,000 well above TFR
· Best resolution height is 10 – 15,000 agl
· Has flown as low as 6,000 agl
· Web interface allows real-time information sharing 
· Mission Planning – timeframe, cloud cover, values at risk
· At low levels there is interference from the parts of the aircraft
· At low levels topography influences the image
· Often readily available and uses IR imagery during the day when the fire is most active.
· Best use seems to be during initial and extended attack, using its ability to see under the smoke column when fire is actively burning and spotting, and checking coverage levels of retardant and helicopter drops.  Also useful on large incidents to collect specific data such as MAP point impingement and burnout support
· Can act as Air Attack if ATGS qualified MSO on board
· [image: ]Fully carded for recon, air attack, and IR missions
· Output file for IR imagery is a google earth overlay and part of the reason for the poorer image quality compared to NIROPS. 
· A local resource in the Colorado area, staffed daily and responds quickly when needed.
· Can quickly convert to ATGS role when needed

Color and Thermal Cameras
MX-15HDi Sensor
1. EO WideFigure 2: MX-15HDi Sensor

2. EO Narrow
3. IR

Perimeter maps are developed by the operator following the perimeter of the fire with the optical target unlike NIROPs that uses imaging.

[image: ]Interoperable voice and data communications

VHF FM Communications
800 MHz band nationwide channels
Can transfer by text or email, download to hard drive or thumb drive

Final Products:
· Pictures
· Video
· Initial attack perimeters
· Large perimeters (but takes quite a bit of time to develop)Figure 3: Technician Control Panel


Most Effective Capabilities
· Initial attack and detection (utilizing lightning detection maps)
· Spot detection in support of burnout
· Able to walk crews right into the spot or heat
· Able to communicate directly with the ground resources
· [image: ]Laser target for tanker and helicopter drops
· Locating people in a closed area ahead of a burn or fire

Lesser Effective Capabilities
· Large fire perimeter mapping

Missions have included 
· Floods
· Landslides
· Ice FlowsFigure 4: Screenshot of web interface

· Mine Disaster
· Search and Rescue

Availability:
Western Fire Season – 1 hour call
Out of Season – 4 hr callback
The two ships have missed 2 missions in two years combinedWe observed some dissatisfaction with some products (MMA and DRTI) during field testing.  It is important to note that much of that was a result of the lack of sufficient information provided on the request.  We are accustomed to ordering NIROPS by just requesting to “fly the fire” and identifying a box that encompasses the extent of the burned area and a buffer region on all sides.  Different sources and technology that do not utilize a line scanner or fly grids require additional information to get a good product.  For example the Colorado MMA aircraft utilizes a three-lens sensor (IR/Color wide/Color narrow) that must be pointed at the target by the operator.  Simply instructing them to “fly the fire” on a larger incident does not give them enough information to get the intended result.  Producing an overview IR product on a larger incident is not the best use of this technology.  The request should include either a kml (no kmz) with targeted areas identified as labeled polygons or a descriptive narrative such as “check for spot fires across the 498 Road” or “check for hot spots above the structures in the Parson Draw drainage in Division P”.   Including a kml or hard copy of the Operations Map with the request is also a good idea.

[image: C:\Users\kevinmmaier\Pictures\2016-09-11 All\All 114.JPG]
DRTI Distributed Real-Time Infrared Aircraft


Considerations for use:
· Note that this is an Air National Guard asset so availability may be limited
· The high-resolution IR camera is capable of seeing through smoke, though not through large columns/clouds
· Currently DRTI is a packaged product, requiring Joint Terminal Attack Controllers (JTAC) to receive and display information to ground forces.  Three JTACs were included in the DRTI package in 2016.Figure 5: Division Supervisor using DRTI on Pioneer Fire

· Live video is displayed next to a map which graphically depicts where the sensor is looking
· Flies at 10,000-15,000 above TFR
· If ceiling/ cloud cover exists below 6K AGL or less, mission may not be effective
· Aircraft have a 4.5 hour sortie duration, including travel time.  1-2 missions a day can be flown based on crew and aircraft availability.
· DRTI can provide shape files for the fire perimeter in near real-time to ground forces (currently only via JTACs)
· Can carry a qualified ATGS if needed
· Also useful for detection/initial attack after lightning storm passage. Flight crew overlays current lightning map onto flight plan and scans large geographic areas for new starts, detection flight flying that night right after the storm passes by so that all fires are detected and prioritized before IA resources are dispatched in the morning (Smokejumpers, engines, helitack, etc.)
· Extremely accurate and sensitive sensors, but can be too sensitive also. One fire was detected and relayed to ground forces with heat images and exact location, but the fire lookout and IA resources were unable to locate the fire that day, the assumption being that it burned itself out before crews could find it.
· Did not get to use the handheld laser guided targeting system, but it sounds like a very useful tool. If it helps minimize the time that aircraft are flying around looking for targets, than it would pay for itself multiple times on each fire and help minimize exposure of pilots.
Color and Thermal Cameras
MX-15 EO/IR Sensor
PAS-23 MTM – mini thermal monocular 




Interoperable voice and data communications
VHF FM Communications
800 MHz band nationwide channels

Final Products:
· Pictures

· Video
· Perimeter shape files

Most Effective Capabilities
· Perimeter detection/ updating previous perimeter maps on large fires.
· Spot detection Identifying and monitoring trigger points
· New fire detection 
· Identifying and monitoring trigger points
· Live feed fire behavior analysis
· Hot Spot surrounded by unburned fuel 
· Identifying Safety Zones 
· Life and property detection/ Locating people ahead of a fire during evacuation operation (Pioneer Fire)
[image: ]
Lesser Effective Capabilities
· Direct communication with ground forces (JTAC needed)
· Inoperable in cloud cover

Missions have included 
· Large fire support
· IA fire support
· Law enforcement/ evacuation support
· Lightning detection 
Figure 6: DRTI EO Screenshot

Availability:
DRTI was available from 15 July – 28 August 2016.  This 45 day operational period was a demonstration of the capabilities of this technology.















[image: ]
 Figure 7: Firewatch Helicopter

Firewatch / Cobra


Considerations for use:
· The ability to provide critical real-time video to fire managers on the ground (must have Firewatch provided field laptop)
· Video and cockpit audio can be transmitted to an incident base camp via a broadcast microwave downlink system. The transmission range to the data van is—line-of-sight—up to 25 miles (40 km).
· Powerful, high-resolution color cameras - capable of reading a license plate at more than half a mile
· Specialized low-light cameras can pick up fine resolution images
· Relay information to ground crews about the direction and strength of a blaze and to help larger planes make more accurate water or fire-retardant drops
· Sophisticated lasers that, during flight, have georeferencing capability to points on the ground. The turret can hold the sensors on a specific geographic location.
· Special infrared capability that can see through smoke.
· The helicopter module includes a contract “Data Van” staffed with a GIS technician who can use the shape files produced on the helicopter to make perimeter maps of the fire.

Color and Thermal Cameras
FLIR Turret (Forward Looking Infrared) is equipped with an infrared camera, low light color camera, spotter scope, laser range finder, and a laser pointer

Interoperable voice and data communications
3 VHF FM and 3 VHF AM aviation radios
Portable microwave receiver—with a 3-mile (5-km) range
Inflight satellite phone

Final Products:
· Pictures
· Video
· GIS compatible map via flash drive or email via satellite phone
· Large perimeters (but takes quite a bit of time to develop)

Most Effective Capabilities
· Hot spot locations
· Infrared mapping of fire perimeter
· Able to communicate directly with the ground resources
· Live video via downlink to crews on the ground

Lesser Effective Capabilities
· Platform for an Air Attack Group Supervisor (ATGS) or a Helicopter Coordinator (HLCO)
· Lead plane


· Ceiling: 10,800 feet
· Daytime operational use

Missions have included 
· Large fire support – GIS and IR
· Intelligence support for commander and ground troops
· ATGS on the directing firefighters on the ground
· Tracking aerial ignition spheres

Availability:
Helicopter/Air Attack 507 based at Redding, CA
Helicopter/Air Attack 509 based at Lancaster, CA


































Conclusion:




NIROPS has been flying thermal infrared detection missions since 1969 providing critical fire information to incident management teams and fire administrative units.  As the fire management environment changes especially fuel conditions, technology and values at risk we continue to look for new and different capabilities to provide improved situational awareness.  As we “discover” new options for this critical intelligence collection we face a challenge in learning when and how to best use these technologies.  This document does not contain all the answers to these questions.  We must continue to explore and investigate these and other options in order to provide the best information possible to fire managers and suppression resources on the ground.  



Appendix: Product Examples


[image: ]
Figure 8: MMA Comparison of Perimeters - NIROPS in red, MMA in white
[image: ]

Figure 9: MMA Screenshot of web interface showing perimeter and image overlays

[image: ]
Figure 10: MMA - Fire Perimeter Beaver Creek Fire


[image: ]
[bookmark: _GoBack]Figure 11: DRTI - Updated map from NIROPS.  Note the darker red lines show update.




[image: ]
Figure 12: DRTI - Spot detection monitoring over HWY 21.
[image: ]
Figure 13: DRTI - New start detection left of bullseye.



[image: ]
Figure 14: Photo from Firewatch platform with Topo map location


[image: C:\Users\dbuske\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\4I79SB4Q\2015_06_09 15_18_34V.jpg]
Figure 15: Photo from Firewatch Platform with GPS coordinates


[image: ]
Figure 16: Firewatch - Gap Fire Aviation Map


[image: ]
Figure 17: Firewatch - Topo land fire perimeter map
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