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Introduction 

 

The provinces of Alberta and British Columbia requested FPInnovations- Feric
1
 to manage an 

independent evaluation of vendors interested in providing thermal infrared services during 

wildland fire operations.  The evaluation was meant to determine a company’s ability to:  

o meet criteria for detection and accuracy; 

o produce and deliver products, both digital and hard copy, in standardized formats; and 

o integrate multiple technologies in an optimal arrangement. 

 

Feric consulted with experienced wildland fire operations staff and individuals knowledgeable in 

thermal imaging to establish an evaluation process that provides a consistent and reliable 

assessment of product performance and capability in a wildfire setting.  It is intended that all 

rotary wing thermal infrared vendors will demonstrate their services in providing hotspot 

detection to the quality and standards stipulated by Alberta Sustainable Resource Development 

(Alberta SRD) prior to commencing contract operations. 

 

Objectives 
o To report evaluation results to Alberta SRD and the company being evaluated   

o To set a benchmark for the quality of thermal infrared scanning services in Alberta by 

identifying reasonable expectations. 

 

Process 

 

Alberta and British Columbia Forest Protection Divisions provided a list and referred infrared 

service companies interested in working on wildfires to Feric staff to book an evaluation.  Feric 

made arrangements with the companies for early morning flights over a grid located near Hinton, 

Alberta designed to evaluate a company’s ability to detect simulated hotspots.  The first 

evaluations were conducted in 2007 during the pilot phase of the project, with more flights 

following in the spring of 2009.   

 

Results of the evaluations were compiled by Feric, delivered to Alberta SRD, and sent as a 

completed report to the evaluated company.  Feric has created a report to be posted on their 

website comparing the evaluations, but keeping the participating companies anonymous.   

 

Participating companies were responsible for costs associated with the evaluation including 

aircraft, equipment, processing, and accommodation and meals. 
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Methods 

 

Each vendor was required to fly over a grid designed to simulate hot spots of the size and 

temperature found during the mop-up phase of a wildfire event.  The grid was created by Feric 

and Alberta SRD near the Cache Percotte Student Forest south of Hinton, Alberta.  It covers an 

area of 100 hectares (2 km long and 500 meters wide) and is oriented in an east/west direction at 

an average elevation of 3600 feet.  Target locations were surveyed to 0.5 m accuracy and marked 

with a galvanized spike driven into the ground. 

 

Each target was described using FBP fuel types, ground cover, elevation, slope and aspect where 

applicable. A perspective digital photograph of each target was collected in 2005 along with a 

true-color hemispherical photograph. The hemispherical photographs were used to assess forest 

canopy class, canopy structure and gap light transmission indices directly above the target.  The 

Gap Light Analyzer Program was used to generate these target location characteristics from the 

photographs. 

 

A random selection of up to 20 targets was used for each evaluation.  Targets were meant to 

imitate variations in hotspot size and temperature.  Two types of targets were installed: clusters 

of barbeque briquettes (650°C range, 80 square centimeters in surface area)(Figure 1) and cast 

iron frying pans heated by propane camping stoves (240°C range, 300 square centimeters surface 

area).  Hobo data loggers with thermocouples recorded temperature and timestamp data during 

the evaluation.  The location of the targets was computer generated the day before the evaluation. 

Participating companies were not informed of the number of targets or locations. 

 

 
Figure 1.  Briquette hotspot target two hours after ignition.  The yellow case on the left contains 

a Hobo data logger that records temperature over time. 



 

 

A safety briefing was held by Feric and Alberta SRD staff on the day prior to the vendor’s 

evaluation flight in order to finalize communications and go over questions concerning the 

required deliverables.  Once in the air, the vendor contacted Feric on the ground when they 

started scanning and when they finished. 

 

Feric did not set a limit for the amount of time spent flying over the grid (scanning conditions 

deteriorate as the sun rises).  After returning from their detection flight with data on the number 

and location of the target hotspots, each vendor submitted a map with a list of target locations to 

Feric in the required format.  Time was recorded and evaluated from the moment the helicopter 

landed after scanning, to the moment the deliverables were handed over.  The following 

deliverables were required: 

 

a) A mission report (FP 60) in the required format; 

 

b)  All vector spatial data (hotspot and breadcrumb trail) delivered in ArcGIS shapefile 

format (*.shp, *.dbf, *.shx, *.prj) with a defined datum of NAD83 and the defined 

projection in UTM.  A CD or USB thumb drive was an acceptable delivery media. 

 

c) A visual representation of hotspot locations delivered as a digital image file (*.jpeg, 

*.pdf or the preferred *.bmp file format) and a printed map product.  

 

Once delivered, the data collected by the vendor was analyzed by Feric and Alberta SRD staff.  

A comparison was made of the target hotspot locations identified by the vendor and the location 

of the surveyed grid points.  The number of points identified by the company and the number of 

actual hotspots was also compared, and the number of false positives noted.  The quality of the 

projection (location accuracy) was also assessed, along with the response time (in minutes) from 

acquisition of thermal data to delivery the required products.  A review of the visual 

representation was also included, as well as suggestions for areas of improvement.  A report 

including the above information as well as detailed forest cover and canopy closure information 

(using gap light analysis or GLA) at the actual target locations was provided to the vendors.  

Weather information at the time of the evaluation flight was also included. 

 

Results 

 

A total of six infrared scanning vendors were evaluated using a grid of simulated wildfire 

hotspots in 2009.  Different companies employed various combinations of aircraft and scanning 

equipment (Table 1).   

 

Instantaneous field of view (IFOV) is a measure used to determine the spatial resolution of a 

remote sensing imaging system.  It is defined as that area on the ground that is viewed by the 

instrument from a given altitude at a given time.  The most common unit for calculating IFOV is 

the milliradian (mrad), which is a standard unit used to measure the size of an angle.  The 

milliradian is used commonly in gunnery and targeting because it corresponds to an error of 1 m 

at a range of 1000 m. 

 



 

Instantaneous field of view is calculated by dividing the object size by the distance and 

multiplying by 1000.  The units of object size and distance must be the same.  For example, the 

frying pan target has a surface area of 707 cm
2
, or a diameter of 0.98 feet. At 250 feet above 

ground level the IFOV would be 3.9 mrads.  The briquette target has an average surface area of 

113 cm
2
 or 0.4 feet in diameter. At 250 feet above ground level the IFOV would be 1.6 mrads.  

Therefore all infrared cameras utilized on the GRID need to have an mrad value of 1.6 or smaller 

to be able to detect all the hotspots. 

 

Table 1.  Vendor helicopter type and infrared scanning equipment. 

Company Helicopter Type Scanner Type Mrad Value* 

M EC-130 FLIR 8000E 1.2 

N Bell 206 Inframetrics Mark II 1.2 

O EC-120 FLIR 640 0.65 

P Bell 206 FLIR P640 0.65 

Q Bell 206 Inframetrics 4456 1.2 

R Robinson R44 II Not specified Not specified 
*The radian is a SI unit of measure of the size of an angle.  The milliradian (mrad) is used commonly in gunnery and 

targeting because it corresponds to an error of 1 m at a range of 1000 m.  

 

A total of ten evaluation flights are included in this analysis conducted by Feric (four in 2007 

and six in 2009) (Table 2).  Alberta Sustainable Resource Development staff attended all flights.   

 

Target ignition began at 5:00 am and was generally completed by 5:30 am. Most flights 

commenced close to 6:00 am. Evaluations were conducted in the last week of April, with sunrise 

for Hinton, AB occurring near 5:56 am. 

 

Table 2.  Evaluation flight results. 

Flight 
Start 

Time 

Collection 

Time 

# of False 

Positive 

Targets 

Detected 

# of 

Positive 

Targets 

Detected 

# of 

Active 

Targets 

% of 

Targets 

Found 

Accuracy 

(RSME*) 

Delivery 

Time 

A 6:10 am 53 minutes 3 4 20 17.39 % 40.18 m 12 minutes 

B 6:11 am 88 minutes 1 7 10 60 % 12.22 m 4 minutes 

C 6:17 am 61 minutes 1 5 18 26.32 % 57.41 m 64 minutes 

D 
7:53 am 85 minutes 0 12 14 85.7 % 6.36 m 

not 

recorded 

E 6:05 am 61 minutes 0 15 20 75 % 8.92 m 44 minutes 

F 7:07 am 76 minutes 3 8 20 34.78 % 26.9 m 36 minutes 

G 
7:01 am 48 minutes 0 8 14 57.1 % 10.08 m 

not 

recorded 

H 6:12 am 45 minutes 0 15 20 75 % 12.8 m 23 minutes 

I 6:07 am 83 minutes 0 9 18 50 % 7.92 m 88 minutes 

J 6:23 am 68 minutes 0 15 20 75 % 12.83 m 23 minutes 

* RMSE= root mean square error; a statistical measure used to evaluate the difference between predicted values and 

observed values; commonly used to measure accuracy. 

 



 

There was not a strong relationship between the collection time and either the detection success 

(adjusted R
2
< 0.0001) or accuracy (adjusted R

2
< 0.0001)

 &
.  This means that vendors with longer 

flight times did not necessarily find more targets or have a greater accuracy (smaller RSME).  

There was a strong linear relationship between the percentage of hotspots correctly located and 

the accuracy of their location (adjusted R
2
= 0.6654 at the 0.001 level).  This means that those 

companies that correctly identified a greater number of targets did so with greater accuracy. 

 

All of the vendors chose to fly transects along the length of the grid (Appendix A).  The average 

flight time for data collection was 67 minutes, with the shortest time being 45 minutes and the 

longest 85 minutes. 

 

The shortest delivery time for maps and files was 4 minutes and the longest 88 minutes.  On 

average, the delivery time was 37 minutes, slightly longer than the Alberta SRD benchmark of 

less than half an hour.  There were, however, four flights that were able to deliver all required 

maps and files within a half hour of landing. 

 

 

Discussion 

 

Detection 

 

Vendors tend to locate the frying pan and propane stove target more frequently than the briquette 

target.  The pan target had a greater instantaneous field of view than the briquettes.  Its cooler 

temperature, however, would suggest that it would be more difficult to find, dependent on the 

apparent temperature difference between the object and the background.  Perhaps vendors find 

the heat signature of the pan more identifiable and are more comfortable recording it as a target.  

The briquette target is smaller, more random in shape and more typical of a target at a real 

wildfire event.  Vendors may have spotted these targets, but dismissed them as heated stumps or 

rocks when they were not confident enough to mark them.   

 

Most vendors chose to fly the along the length of the grid (east-west transects), working with the 

predominant wind direction.  However, during the debriefing session most pilots felt that with 

hind-site they would have detected more hotspots if they had flown the width of the grid (north-

south transects).  While flying the long transects, the pilots found it difficult to prevent drifting; 

some companies were trying to keep the lines very close together to have smaller swaths, but 

straying from their flight grid meant areas were being missed or overlapped.  Flying north-south 

transects would mean more time spent out of the grid, but might make it easier to lock back onto 

the planned route.  More large turns might also make it difficult for the camera operator in terms 

of motion sickness.   

 

One vendor used their breadcrumb trail to keep track of areas that they had missed and returned 

to them once completing their line.  This company also had the highest number of correctly 

located hotspots.  In one instance the Moving Map software did not work well for this 

evaluation, due to the GPS style and its location in the helicopter.  The unit was installed on the 
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  An adjusted R
2
 value greater than 0.5 generally indicates a significant relationship between two variables at 0.05 

confidence level. 



 

right side of the helicopter, there was a good refresh rate flying west to east transects, but when 

returning east to west, the update was very slow due to the heli-body blocking the GPS antenna, 

meaning pilots could not use it to keep track of areas missed. Another company reported the 

moving map made it difficult to mark hot spots and added another task to an already busy flight.  

 

Accuracy 

 

Four of the ten flights were able to achieve accuracy within 10 meters of the target location as 

mandated by Alberta SRD.   There was discussion regarding the need for differential correcting 

GPS units certified for aircraft.  Previous evaluations showed lower RMSE when handheld GPS 

devices were used to mark the hotspot location (flight g).   

 

The accuracy of GPS units changes day to day.  It is influenced by the number and alignment of 

the GPS satellites in orbit around the earth.  It has been suggested that the day’s error (PDOP) be 

included on the map that the company provides.  This way, fire fighters on the ground assigned 

the find the hotspots will have an idea of how accurate the locations of the points are. 

 

Mapping and format of deliverables 

 

All vendors successfully produced maps following the standards outlined by the Alberta 

government.  Those companies with GIS expertise on board during the flight tended to have 

shorter delivery times.  

 

 

Integration of technology 

 

There are three types of technology that need to work together to successfully pass the 

evaluation: aircraft tracking software and flight pattern, infrared cameras and coordination 

between GPS units and GIS software.  A vendor must be proficient in each category, but also 

must make them work together to complete missions in a timely manner.  Those vendors whose 

pilots had experience flying with a specific infrared operator and had previously worked on 

wildfire events tended to have better evaluation results.   Also, those vendors with a GIS 

specialist onboard were able to complete maps quickly so that the deliverables were almost ready 

before the helicopter skids hit the ground.  

 

The experience of the camera operator is also important.  An operator should know how to use 

the camera in any type of situation and how to adjust the camera for different heights above the 

ground.  This should all be done prior to beginning a hotspot detection mission.  A vendor during 

this evaluation was an expert using his camera, but missed a lot of hot spots while trying to 

adjust for gain, emissivity, etc. 

 

Feedback and future directions 

 

Feric discussed the effectiveness of the grid as an evaluation measure with each participating 

vendor.  Most felt that the grid was a reasonable test.  Some felt that it differed greatly from a 

wildfire event in that there was no visible fire perimeter.  They argued that at a wildfire event, 



 

the crowns of the trees would be removed and it would make it easier to design a flight path that 

would cover the entire area.  There were suggestions to build a grid at an old fire so that the 

perimeter would be more obvious.  One argument against this, however, is that often during a 

wildfire, the crown fire drops and creeps along the ground beneath the unburnt canopy.  

Companies should be prepared to fly outside of the perimeter and to locate hotspots in thick 

forest cover, as this is the expected advantage of a rotary-wing platform with a FLIR-type 

system.   

 

Vendors also requested the installation of a “calibration point” of known location and 

temperature that could be used by the operators to prepare their equipment (determine proper 

gain, scanning height and speed, etc.).  This may improve their detection and accuracy, but it is 

not logistically feasible in terms of a true wildfire event.  As for the evaluation, Feric provided 

details on the construction and temperatures of targets prior to the evaluation so that companies 

can practice before their arrival. 

 

In the future, Feric recommends that all infrared scanning vendors be evaluated over a grid 

designed to evaluate performance.  It is a good measure of the accuracy and ability of groups to 

deliver a useful product.  In the ten evaluation flights discussed here, the majority were able to 

detect more than half of the man-made hotspots, suggesting that the test was fair.   

 

The data from this study also suggests that there is variability between the companies and their 

performance on the grid, supporting the need to evaluate and periodically audit infrared scanning 

operations to ensure quality and accuracy of service.  Vendors may send their most experienced 

pilot and camera operator to the evaluation in order to ensure success, but fire agencies cannot be 

guaranteed top service once the companies are contracted for wildfire events.   In order to ensure 

quality of service, perhaps companies should be required to fly the grid periodically to “re-

certify”.  Or methodology could be developed to create an unannounced auditing system that 

randomly tests vendors who have been contracted for scanning hotspots at wildfires.  This could 

also be a way to evaluate new vendors offering thermal infrared scanning services for fire 

support. 

 

Information from this study can still be used for further analysis. The breadcrumb trail data 

would be useful in determining appropriate types of aircraft for this work, and in helping pilots 

determine best flight path practices.  As a follow-up study, a mechanism could be developed to 

gather feedback from fire crews on the effectiveness of the map product and its usefulness in the 

field.  Feedback from field crews will help ensure that the most qualified individuals are 

requested for wildland fire events.  It is advantageous to close the feedback loop and pass 

information onto both the vendor and Alberta SRD staff so that the hotspot detection process can 

be improved and refined, potentially leading to reductions in service costs.   

 

Infrared evaluations over the grid in Hinton will extend into 2010 with testing dates scheduled 

for April 26 to April 30, dependent on weather conditions.  Feric will continue to maintain grid 

conditions and provide field services during the evaluations, and accept inquiries from 

companies considering attendance.   

 

 



 

Conclusion 

 

The benchmark of quality that Feric and Alberta SRD have designed is a reasonable expectation 

from companies offering infrared scanning services.  Vendors were able to successfully pass the 

evaluation designed by Feric and Alberta SRD to validate the benchmark’s measures.  Faults 

were identified in those companies that did not complete the evaluation successfully, and 

suggestions and guidelines provided to aid in improvement.   

 

By creating a benchmark for the quality of service, fire agencies are better able to quantify 

performance against expectations, thereby optimizing their value for dollars. 

 

 

 

 



 

 

 

 

Appendix A   

 

 
Figure 1.  Breadcrumb trail for flight “a” over the evaluation grid. 

 



 

 
Figure 2. Breadcrumb trail for flight “b” over the evaluation grid.   

 



 

 
Figure 3.  Breadcrumb trail for flight “c” over the evaluation grid.  This vendor had a “lock-to-

road” feature enabled on their GPS during this flight. 

 



 

 
Figure 4.  Breadcrumb trail for flight “d” over the evaluation grid. 

 



 

 
Figure 5 Breadcrumb trail for flight “e” over the evaluation grid. 

 



 

 
Figure 6. Breadcrumb trail for flight “f” over the evaluation grid. 

 



 

 
Figure 7. Breadcrumb trail for flight “i” over the evaluation grid (trail points not connected). 

 



 

 
Figure 8.  Breadcrumb trail for flight “j” over the evaluation grid. 

 


