Fire Attack Infrared + GIS

Human Aiding Technology for Air Attacks & Incident Command

White Paper by: Mark Zaller, Air Attack Pilot. Feb 11, 2009

1-408-623-4303, mszaller@yahoo.com
Abstract:

FAIRGIS (Fire Attack InfraRed + GIS) is a multi-vendor and inter-agency collaboration to automate new cockpit technology for improved ATGS (Air Tactical Group Supervisors) efficiency, ease of use, safety and transmitting near real-time intelligence to Incident Command fire teams.  It is comprised of inexpensive off-the-shelf (OTS) products in three main areas: 1) good quality infrared (IR) for a clear view of fire and ground through smoke and at twilight.  2) Airborne GIS (Geographic Information System) with detailed moving maps show air attack teams (pilot+ATGS) everything that has already been mapped.  3) Cockpit drawn maps & photos (visible or IR) emailed directly to anyone on the fire (immediately viewable in Google Earth).

Each new function is valuable alone, and by working together they bring increased effectiveness to the Air Attack team, like working at twilight or above smoky conditions that typically stop flights.  Because of the natural intuitiveness no third person in the plane is necessary, and neither the pilot nor ATGS need specialized training. IR+GIS turns on & off with the plane and is hands-off Human Aiding Technology (HAT) to improve safety and keep ATGS eyes more out the window on the fire.  Purchasing costs are very low due to consumer commoditization, and miniaturization makes installation easy.  One time software setup is similar to setting up any computer with several peripherals attached. On going maintenance is like that of a desktop computer.

Introduction:

1) Infrared has long been heralded as a breakthrough Human Aiding Technology for aerial fire fighters.  Historically IR installations were physically large, costing $100,000+ per plane and requiring a trained operator.  Recently some IR products have come down to $15-50,000 plus installation.  Now, good quality IR cameras can be purchased for $3,500, and installed in a day along with FAA approval paperwork.  In-flight operators (third person) are not needed, and without any training, ATGS/Pilot usage is functional on first exposure during live missions.  Systems are automatic and intuitive – turning on and off with the airplane’s master switch.  The ATGS and pilot need only glance at the screen that is already aligned with the normal direction an ATGS looks.  The same unit can also record continuous movies or takes snapshots for immediate transmission to fire fighters below, IC leaders and the GIS team.  
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Photo of a spot fire


               Same spot fire in infrared
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Smoke of a spot fire is dimly visible, but stands out vividly in infrared
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2) GIS is now a standard part of any fire lasting much beyond initial attack.  This GIS is typically used strategically for planning, and Incident Command.  Only recently has GIS been realized as an important tactical tool for the ATGS.  By downloading the standard GIS shape files (.shp) from the Situation Unit’s database (published each morning on NIFC - National Interagency Fire Coordination ftp site), pilots and ATGS’s have an electronic topo map of all the fire data. This directionally oriented moving-map improves situational awareness, and allows quicker, more precise navigation, even when the ground and fire are not visible (due to smoke, clouds or twilight). Finally, GIS information can be updated by the ATGS, and transmitted in-flight back to the Situation Unit for immediate viewing on Google Earth or incorporated into the incident’s GIS.

3) Creating content: Not all ATGSs draw maps or take photos, but if they do, then these electronic topographic maps are easier than a pencil on paper topos for drawing new fire lines, slop-overs, or spot fires. Map drawings are auto-converted to data & transmitted to the ground as GIS or Google Earth files.  Anyone on the airplane’s email distribution list will receive an attachment that auto-loads Google Earth, and shows the mapped fire within 5 minutes of being sent by the ATGS. Photos, IR or Visible, are easier to transmit real-time, than to shoot with a camera and physically hand off once back on the ground.
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Tactical usage is easy with no pilot/ATGS training. Transmitting intelligence to IC requires several clicks 

Together, IR+GIS in the cockpit provide the Air Attack team capabilities not previously realized. For example, on smoky mornings when helicopters can’t even leave the ground, a twin engine Air Attack from a nearby VFR airport can over fly ground obscuring smoke directly to a hand-cut line and “see” whether the fire has jumped it - possibly better than if it was a perfectly clear day.  At twilight, when fires are often more manageable, the Air Attack team can continue working in VFR conditions at a safe altitude while still while seeing the ground, people and fire nearly as well as during the day.

Safety: Different than improved effectiveness, FAIRGIS improves safety on the ground and in the air:

1 Fire borders and jurisdictions are quicker and easier to see.  This keeps Air teams where they are supposed to be minimizing risk of flying into smoke columns or into another agency's controlled airspace.  The improved situational awareness and quick knowledge of fire locations allows for a clearer head and improved decision making.

2 Ground safety is improved because air teams can better see personnel, and vehicles relative to advancing fires or to a planned retardant drop. Even when obscured by smoke.
3. Intelligence delivered to the IC team or individual iPhones helps everyone stay out of harms way.

FAIRGIS is for VFR flight only, and is not legal nor prudent for IFR or Special VFR. Like other intuitive breakthrough technology (TCAS, GPS moving aviation maps, XM satellite weather) pilots must adhere to  their VFR usage and not be lured into conditions beyond set safety standards.  FAIRGIS is not for flight through smoke, low visibility or IFR, but rather makes work more efficient while staying VFR.  At twilight over the fire it is possible to work more safely as long as smoke columns are clearly visible.

Description: 

FAIRGIS is divided into multiple low cost systems, any one of which will bring immediate benefit.  All systems together add up to more than the sum of the parts.  These systems have existed for many years with the military and NASA. Now, thanks to commoditization of consumer products and hi-tech miniaturization, they are not only many time less expensive and available, but incredibly easy to run.  The combination of easy to use, powerful, and complete automation can make both old and new ATGSs more effective.

1) Infrared: IR is the easiest for most firefighters to understand. Due to their small size, IR cameras can now be easily mounted with clear air vision.  A good quality camera, such as the FLIR EVSx, will mount behind a normal inspection panel drilled with a quarter sized hole.  This $3,000 camera resides inside the plane away from the wind & elements, and has a clear air view. The fix mount is aligned to look the same direction as an Air Attack looks from the right window – perpendicular to flight, slightly down and forward of the right wing.  This is called SLIR – Side Looking InfraRed.
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A quarter sized open hole in the fuselage shows the lens, and small camera behind it

Camera power is wired through a power converter or 24 volt stabilizer to the aircraft system, and the whole system turns on and off with the aircraft’s primary master switch or avionics master switch.
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Cockpit displays: Simple video or VGA computer screen, are out of the way, but in the natural line of site 

A 7 inch cockpit display is mounted where the control panel meets the right side of the plane. The display is easily viewed by both the pilot and ATGS, and does not block the pilot’s view to any instruments, nor the outside view.  Although the display is mounted to the right of the ATGS, it still falls into the natural scan for pilots who regularly look right to see the fire and what the ATGS is doing. The display can simply be a headrest Television screen sold commonly at $100 for cars, or a 7-10 inch computer monitor.
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Simple configuration requires turning on the Tablet PC that resides on the ATGS lap
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Aero Commander system turns on both computer and IR with the airplane. All cables are tucked away

2) GIS dataa for is free.  It is created by the Incident Command for strategic planning.  Tactical use of airborne GIS has only recently been realized (2008 whitepaper “Moving Map Topos with Fire GIS”). 

Displaying the GIS will cost barely more than free. The least expensive way defined in 2008 over the Lime Fire Complex, is to install Western US DeLorme Topo ($32 at Amazon.com) onto an existing laptop computer coupled to the plane’s GPS (requirement of type 1 Air Attack platforms).  DeLorme Topo software is very easy to use (complete hands-off startup and moving-map operation), and includes all topos on the hard disk.  With a single mouse click maps will go from a whole National Forest view (with boundaries), down to 20 foot contours, forest road names, creeks, peaks, and even buildings with the phone number.  Situational awareness is worth it alone, and even better when coupled with fire GIS.

Tablet PCs show the plane’s track (green) real-time over topos making fire mapping easy.  Batteries last longer than 4 hour missions, and a Bluetooth GPS allows for no wires eliminating cockpit spaghetti.

To see mapped fire lines, dozer tracks, division breaks, drop points, and dips sites on the moving map, GIS teams in 2008 created  GPX files (GPS transfer).  DeLorme Topo also has a drawing function for an ATGS to precisely draw fires (slop-overs, spot fires, advancement, etc.) with just a few clicks.  These drawings report fire size in acreage, and export as GPX files for transmission to anyone on the ground via email (see below for satellite and cellular transmission from the plane)
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Moving-map GIS pioneered on the Panther, Ukanom & Lime fires in 2008 allowed Air Attacks to comfortably continue VFR when helicopters could not navigate due to not knowing terrain and fire location 

[image: image8.png]



Cabin computer displaying moving-map GIS with plane position (green) and infrared video

Much better in 2009, and yet easier, is DeLorme XMap Pro - a full GIS package of the entire US for $250 (includes everything DeLorme Topo has).  XMap will import ESRI .shp files directly from NIFC eliminating intermediary GPX files from the GIS teams. A DeLorme Enterprise server will automatically download and import ESRI .shp files from the Internet to the Air Attack’s computer.  Additionally XMap will convert the ATGS’s fire drawing described above into .kml (Google Earth files).  These KMLs are small and can be emailed over a satellite link while flying over the fire. Ground people (firefighters below, IC, GIS, ECC, dispatch) receive the email attachment within minutes, and by clicking it, the fire drawing is transposed over aerial photographs on any computer installed with Google Earth (for free).  
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Moving-map overlaid with  GIS generated on the 5th day                 Continuous flight video allows mapping

Tablet PCs are required if used in the cockpit, but if mounted in the back, then any laptop, or even desktop PC running Microsoft Windows will work.  When the computer is in the back, the ATGS sees IR+GIS in front of them on a small remote VGA display.  The moving-map GIS is controlled with a wireless mouse.  All computer cables (GPS, Power, Serial connection to Satellite, etc) are neatly tucked away.  An alternative for a quick installation in the cockpit is a Tablet PC using a touch stylus and Outdoor Viewable Screen.  Tough ruggedized units are not needed, and clamshell laptops are in the way in the cockpit.

Importing daily GIS into the plane’s computer needs to occur while on the ground.  Either the plane’s computer attaches to the internet (Ethernet, wifi or 3G AirCard) in the morning, or GIS files are transferred from a USB memory stick by fire base personnel.  Pilot & ATGS can not be counted on for this.

3) Transmitting to Earth:  IR photos, visible photos, GIS, and Google Earth map files can be inexpensively and reliably transmitted from the Air Attack planes to the ground.

AFF (Automatic Flight Following) is required on all contracted Air Attack aircraft.  The Latitude S-200 used for transmitting AFF pings every 2 minutes over the Iridium satellites also sends data.  Latitude has created software to email files (up to 70 Kilo Bytes) to pre-defined email groups.  Photos, print-screens and Google Earth maps are instantly distributed to any number of email addresses, thus allowing all ground people to receive simultaneously, even on iPhones, SmartPhones and Blackberries.  Transmissions over satellite are relatively slow by internet standards, but does work reliably in the most remote areas.  Files are drag’n dropped on to the Latitude Messenger applet, which intelligently breaks large transmissions (photos) into 1 minute and 59 second chunks allowing the AFF ping to always send as first priority.

Implementation is very inexpensive because the Latitude S-200, or similar product, is already required and installed in all contracted fire aircraft.  Sending data does cost about $1 per minute.  Most maps transmit in less than a minute, while photos may take several minutes.  The S-200 has a serial port (9 pin RS232) that is connected directly to a computer with a $5 cable.  If the S-200 is outside the plane’s cabin, then a port should be wired closer.  Older and new S-200s work the same, but older units will likely need a free upgraded firmware from Latitude.  Originally all computers included serial ports, but less so in recent years.  A Keyspan USB -> Serial port can be added.
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AFF antenna, satellite transceiver, and cabin serial port for emailing down photos & Google Earth maps

Cell phones: EVDO (Verizon) and GSM (ATT) both sell hi-speed air cards for very fast wireless internet communications. When these work, they are great, fast and inexpensive.  Unfortunately they are designed for the ground in urban areas.  Signal strength is often lost at altitudes of more than 1000 feet or over rural areas.  A signal booster can be placed in the plane, especially if connected to an outside antenna, but this could conflict with flight instruments, is not FAA approved, or assured to be FCC legal.  Also computers like to have continuous connections called a “session”.  When an air card jumps to new cell towers or momentarily looses signal, a PC can drop the session.  Re-connection often must be started over and may take several minutes, sometime not re-establishing before the session is again dropped.  
In some locations the signal strength is good, especially in sight of urban or serviced rural areas.  Circling over a fire often keeps within one cell tower, so it works great.
Cell phones or Smart Phones on the other hand are designed to be “sessionless” making them much more resilient to changing signal strength.  An alternative to transmitting IR and map data over the satellite is to simply use a camera phone to take snapshots of the computer map screen, the IR display or the ground, and send it (using MMS or phone based email). Although not ideal, picture-phones often work well because ATGSs know this function from exchanging photos with young progressive members of their family. Also available are phone apps to send photos with GPS position & direction directly to Google Earth.
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Visual picture of smoke over the Williams fire
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IR screen-shot seeing through smoke of the Williams fire

Recording for transmission, fire mapping, planning and archive.  

IR and visible video of the entire Air Attack flight can be continuously recorded to the same computer running the moving-map GIS.  Video Capture (Frame-grabber) is available for $39 that will display the IR continuously on the computer screens.  The computer based IR can be continuously recorded as video (with or without audio from aircraft radios) or just snapshots (screen grabs).  Screen-grabs can then be transmitted to the ground over the above satellite or Air Card link.  Continuously recorded video is too large for aerial transmission without specialized communications equipment, and must be handed off after landing.

Locating where a video or snapshot is taken can be difficult for anybody, including the person who took it.  A GPS Lat – Long position can be overlaid on the video and snapshots (Horita ~$450), but situational awareness is still difficult.  Having the GPS position on every image never hurts, but this is often not the best way to geo-locate images.  A single photo with a transposed Lat-Long over the top can take a topo-savy person more than a day to orient and interpret (it is not easy if you weren't there).  

A better alternative for photos is to use DeLorme’s integrated Geo-Tagging.  This will correctly position photos on topo maps according to a GPS track.  One click zooms into each photo for detailed analysis after flight. Software is also available to upload directly to Google Earth.  A mixed blessing is that on a typical Air Attack mission there are hundreds of shots overlaying each other as the airplane circles for four hours.
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Air Attack’s GPS track over the Big Meadow fire with hotlinks to 15 MegaPixel photos captured every 30 seconds by an intervalometer. Better than photos is full motion HD video because motion is more intuitive.

Another option is to playback the saved GPS track in DeLorme Topo or XMap. Go to a specific spot on the GPS track, and identify the time. Use this time to find the picture shot at that exact same time (computer and camera clocks need to be synchronized to the GPS clock).  Visa-Versa also works:  Find a desired photo, and then go to the GPS track to see where it was shot.  These methods also show the photos directional orientation (facing North, East, South, West), which will NOT be apparent if a single Lat – Long is overlaid on the photo.
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Aircraft GPS track at 17:50 and 34 seconds     Spot fire photo taken automatically on 15 MegaPixel 

   intervalometer at 17:50 and 34 seconds 

Mission Video: Recoding photos or video is inexpensive, easy, (turns on/off automatically with the plane) and very useful to fire planners and the Incident Team, but it must be set up. It is important first to pre-alert the Incident Team to accept this free data available from every flight.  Entire fires have been mapped using post flight video before a mapping team or the well equipped Fire Watch Cobra helicopter arrives.

Solid-state consumer camcorders capture 4+ hours of High Definition (HD) video to a single SD-HC (Secure Digital – High Capacity) chip.  Hard disk camcorders should be avoided because aircraft vibration can cause lock-ups.  Progressive video recording is preferred over interlaced.  After flight, the video is played side-by-side the GPS track moving-map in DeLorme. Seeing the two synchronized (split screen, dual monitors or even two laptops) makes it is easy to visualize the plane’s view at each moment of the video.  This is the easiest and fastest way to precisely map a whole fires in just 30 minutes (~1000 acres) after a flight.  Video has the added benefit of capturing retardant drops for the BAER (Burned Area Emergency Response) team, and is also used for ATGS training.

Usage 

Air Attack IR allows an ATGS to perform over smoky conditions that would normally make seeing the fire line impossible and negate the mission.  An Air Attack platform can see spot fires, hotspots, slop-overs, mop-up trouble spots, threatened structures and identify tactical trigger points (evacuation timing, firing locations, etc.), all through ground obscuring smoke below.
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Video sequence glancing right from the IR display to the visible view out the window (white is fire)

Coupled with moving map topos and fire-GIS overlays the ATGS can, without seeing them, fly precisely over creeks, named roads, ridges, meadows, natural features, mapped dozer/hand-cut line, fire edges & crew locations at twilight or on top of an overcast layer of smoke/clouds. With no visible ground the exact fire position will be seen, and all landscape/cultural features known. 
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Smoke over the Big Meadow fire in Yosemite
Same angle with a $3000 IR camera and $99 display

During normal operations, Infrared will enhance the safety of fire crews working directly and indirectly to the fire line by keeping continuous visual contact with them, even when smoke unexpectedly passes below to obscure line of sight.  IR capability can allow aerial supervision with a twin engine aricraft “VFR on top”  to continue over crews and line building during twilight, morning or when the inversion holds the smoke low, obscuring visibility.

Air Attack IR+GIS will allow the ATGS to draw more exact fire maps on the Tablet PC and immediately email them to the fire team below through a satellite data link.  These drawing are also valuable to the Air Attack on following missions when the ground is obscured by smoke, or to share with their second shift. 
IR makes lightning recon more effective by detecting small fires that are not yet visible or producing smoke.  Strikes can be downloaded and pre-mapped on the plane’s moving map computer, and then precisely circled with infrared to assure there are no residual hotspots.

Controlled burns are better watched.  Every ping-pong ball show up as a dot on the ground, similar to a line of perforations on a paper with light shining through.  When an incendiary devices incorrectly falls across a creek or fire break, it is immediately obvious.

Training:

 For common usage of viewing infrared or moving GIS maps there is no training needed.  FAIRGIS operates very similar to another window in the airplane.  It remains passively ready for someone to look at, or not.  Complete FAIRGIS turns ON & OFF with the airplane (main or avionics master).  No computer experience or touching the system is needed.

Advanced usage of drawing GIS maps of the fire require more preparation.  Some ATGS refresher courses  currently teach fire drawing on these electronic maps.  Or, many ATGS are self taught by spending one hour with the stylus and software before usage.

Transmitting GIS, IR or visible photos to the ground can be automated to a single click, but if this is not implemented, then training on the transmission process will be required.

Ground support people will need more training than the ATGS:

· How to load daily GIS on to the plane’s computer is a days worth of training

· Mapping fire from video is intuitive and might take no training if someone is good at mapping.  People not experienced with topo maps and mapping may require several days of training.

Costs and links:
Costs will vary depending on the airplane and existing equipment.  Here is the typical cost per plane for IR+GIS with air to ground transmission:
- Materials $3500 (assumes existing AFF in plane, and personal laptop/tablet)

- Initial mechanic's labor: 1-3 days (install, FAA certification, wiring)

- Initial software setup: 1-2 days

* labor/setup based on experienced personnel. See details below

 

Implementation can be done in steps.  Here are the different segments:

1) SLIR - expense borne by aircraft operator:

- IR Camera:   $3000 (includes cable and bracket)

- Display:         $100

- install parts:   $100

- labor & FAA approval: 1-2 days 

- daily maintenance/preparation: none

------------------------------

Total for IR      $3200 + install labor

 

2) GIS - expense for either aircraft operator or ATGS

- Convertible laptop/tablet PC - already owned as personal laptop

- XMap GIS Software:   $250 (includes all of US, firefighter discounts available)

- Setup: one day to install and play with basic operation (it is fun)

- daily maintenance/preparation: ground person must load GIS, charge battery

---------------------------------------

Total for airborne GIS   $250

 

3) Transmission system - expense for either aircraft operator or ATGS

- AFF box - already mandatory (only one tested is Latitude S200)

- Latitude Messenger software (free)

- Serial cable $20-50

- labor: 0-2 days (AFF box might need firmware, cable might need to be run forward) 

- setup: one day installing software, unless AFF is old and requires updated firmware

- daily maintenance/preparation: none

-----------------------------------

Total           $20-50

 

4) Optional. HD Video capture - expense for either aircraft operator, ATGS or GIS team

- Canon Vixia R11 Camcorder:  $700

- Extended battery                    $85  (better to buy two)

- 32 GB SDHC chip                  $75  (better to buy two)

- 4 cup suction mount               $45

- training: 5 minutes for turning on camcorder.  (GIS team does the mapping)

- daily maintenance/preparation: charge battery

--------------------------------------------------

total for HD video recording       $905

 

5) Recording IR video - expense to aircraft operator or ATGS

- Video Capture dongle      $40

- Setup: 1 day

--------------------------------------------------

total for IR video recording   $40

Problems: (No Solution, workaround, solved)

· Delivering data from FTP NIFC to airplanes. Pilots and ATGS are generally not computer enthusiasts and can not be counted on. No Solution:  Ground personnel must plan to help. An expected solution is to install one DeLorme XMap Enterprise GIS server with auto-delivery to airborne GIS systems.

· Turning on IR+GIS in the plane.  Pilots and ATGS sometimes forget to turn ON the system or feel it won’t be needed.  But in all cases it has proven useful when the system is ON.  SolVED: Turn the complete system on with the aircraft master, like other flight instruments.

· Posting ESRI .shp files: ESRI files are standard for the GIS team to publish on NIFC every morning, but sometimes ESRI Geo Databases (.mdb) are published.  workaround: Call GIS person and ask for .shp files.  Sometimes this will take several days to get through, and also stops any automated systems.

· Incident GIS shp files have a date prefix that changes everyday.  This will stop auto-conversion to Airborne GIS.  Workaround: A possibility is to create a script that will strip the header info.

· GIS and Sit teams don’t have email addresses in the daily SIT report.  Workaround: Call around to find the addresses of who wants to see ATGS drawn maps and IR photos.

· FAA certification of Infrared.  SolVED.  Small FLIR cameras are set inside the fuselage and point through a quarter sized open hole.  FAA will certify this quickly using a 337 form.

· CalFire doesn’t have AFF for sending data from the plane Workaround: CalFire is starting to use Sky Connect boxes for AFF.  These do not yet support simple data transmission, but product developers are investigating how to provide this capaibility.

· Low cost: because everything is free or low cost, there is no one to profit and push the system.  No lobbyists or Government Sales teams are involved to figure out how to implement.  workaround.  Create a whitepaper, write an article and present to different teams.  Slow going.

· Interagency ambiguity:  Multiple agencies and functions with different management structure make it hard to find an owner who will most benefit and can drive. workaround.  Create a whitepaper, write an article and present to different teams.  Slow going.

Conclusion:

In addition to inexpensive, FAIRGIS advances the effective tactical use of IR and GIS for all Air Attacks through extreme ease of use, even for those who fear technology.  One operator using FARIGIS estimates a 30% increase in ATGS overall effectiveness. Intelligence gathering for Incident Command is also equally valuable.  Adoption rate is consistent once an ATGS experiences it, but slow overall because acceptance occurs only by word of mouth.  Approval as an official Air Attack standard could quickly put this revolutionary Human Aiding Technology in front of people who will greatly benefit from it.

ATGS drawn map on 1st day
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