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Low-Cost Thermal Imaging System for Aerial Remote Sensing Applications

a. Abstract

Thermal infrared imagery for watershed assessments, habitat measurement, and total maximum daily load (TMDL) monitoring has been used for several years with the advent of the Forward Looking Infrared Radiometer (FLIR).  Compared to traditional field techniques it has become the method of choice for a number of interests.  The primary obstacle to more widespread use is cost.  Typical contracts for thermal imagery run in the hundreds of dollars per/mile; chiefly because of the high cost of the imaging equipment and the helicopter platform.  The project described herein will produce a certified portable aerial camera system that incorporates the latest FLIR technology and a parallel focus 5+ mega pixel color digital camera at significantly reduced cost.  Since 100 miles of continuous IR stream video would also involve about 1600 high resolution images taken at 200 meter intervals, an efficient method to locate and process specific images is called for. Therefore, the second major component proposed is an efficient GIS interface to facilitate the use of acquired imagery by office personnel.  

Aerial portability of an approved thermal camera system will allow a user to rent an appropriate aircraft from a local vendor (fixed base operator FBO) in the vicinity of where the thermal assessment is needed.  This will further reduce aircraft/equipment times required for a particular project.  More significantly, this proposal allows the use of rented FLIR equipment and off-the-shelf digital color cameras to comprise the proposed aerial imaging system.  Such a system offers the major advantages of cost and keeping current with the latest technology over currently available methods.  Current pricing for the latest aerial FLIR technology is $200-300K.  Commercial aerial camera units start about $60K.  By contrast, this proposed system will involve rental FLIR equipment at a rate of $2500/14-days and a “mid-range” grade digital frame camera for about $1200.  The key to putting this innovative imaging package together is the use of a suitable fixed wing aircraft with a Federal Aviation Administration (FAA) approved portable mount.  This proposal intends to demonstrate that such a system is a cost-effective and viable tool that represents a significant opportunity for Columbia River System assessments and research.

b. Technical and/or scientific background

--Uses of the Technology

Remotely collected water quality and geographic attribute data provide researchers and administrators timely information relevant to a host of uses. Locally, many Columbia Basin water courses could benefit from thermal imaging that could provide multiple environmental benefits.  For example, it has been determined that “Across Oregon many streams do not meet State standards for temperature.”1
High resolution digital color imagery can provide baseline data for stream research including sinuosity, the meander characteristics, wetland and riparian vegetation, and even flood plain extent with geo-referenced imagery. “A series of overhead flights using remote sensing FLIR technology would provide a spatially continuous temperature snapshot of stream conditions in selected reaches.”2   The low altitude FLIR imagery can also serve to fill in data gaps between temperature monitoring stations.  Such a tool for monitoring stream temperatures that uses uniform protocols would likely facilitate transfer of data across the various stakeholders in the Columbia Basin or any river system. Remote sensing of water quality and geographic data can provide researchers and administrators timely information that is relevant to a host of uses and collaborations. 

1     
 Framework for Regional, Coordinated Monitoring in the Middle and Upper Deschutes River Basin,

Oregon, Anderson, C.W. U.S. Department of the Interior, Open-File Report 00-386, Portland, Oregon 2000.  
2
Application of Remotely-sensed Data To Regional Analysis and Assessment of Stream Temperature in the Pacific Northwest, Burges, Booth, and Gillespie, EPA Grant Number: R827675, 2000 – 2003,  University of Washington, Seattle, WA 

Referencing images to an earth location is another important component of this proposed project.  Use of outdoor Global Positioning System (GPS) with storage of 5000 data points is recommended to track image locations. Since Selective Availability was switched off and the Wide Area Augmentation System (WAAS) became operational, GPS accuracy has improved to the 3-5 meter range without use of a differential receiver or post-processing.  Airborne platforms are not subject to multi-path interference, terrain obstructions, or signal blockage from the forest canopy, so accuracy of 5 meters or less can be reliably predicted using receivers currently costing less than $500.  Linking images to a GPS position will allow for the development of the GIS interface component proposed for this project.

“Geomatics” has been coined as a useful term for the use of advanced information technologies for the recording, storage, manipulation and analysis of geographical imagery. It includes remote sensing, global positioning systems and computer-based image manipulation and analysis.  There is much available in the literature pertaining to geomatics and far beyond the scope of this proposal, but Table 1 indicates a few of the recent papers, research, or presentations pertinent to the subject.

Table 1
	AERIAL PHOTOGRAPHY FOR SURVEY

PURPOSES WITH A HIGH RESOLUTION,

SMALL FORMAT, DIGITAL CAMERA
	Photogrammetric Record, 15(88): 575-587 (October 1996)

	APPLICATION AND ACCURACY OF TWO

FIXED BASE CAMERA SYSTEMS
	Photogrammetric Record, 16(93): 423–432 (April 1999)



	Appropriate Geomatic Technology for Local Earth Observation
	Bulletin 98, Photogrammetry

	ASPECTS OF CHANGE IN AIR SURVEY

PRIMARY DATA ACQUISITION


	Photogrammetric Record, 16(93): 417–422 (April 1999)



	ASPECTS OF HANDLING IMAGE ORIENTATION BY

DIRECT SENSOR ORIENTATION
	ASPRS

Annual Congress

St Louis, 2001

	AUTOMATING IMAGE REGISTRATION

AND ABSOLUTE ORIENTATION:

SOLUTIONS AND PROBLEMS
	Photogrammetric Record, 16(91): 5–18 (April 1998)



	Digital Photogrammetric Workstations – A review of the state-of-the-art for topographic applications 
	Institute of Photogrammetry and Engineering Surveys, University of Hanover. 

	DIGITAL PHOTOGRAMMETRY FOR MEASURING SOIL SURFACE ROUGHNESS
	National Soil Erosion Research Laboratory,

USDA-ARS-NSERL & Purdue University, 2001

	Feasibility Study of Radiometry for

Airborne Detection of Aviation Hazards
	NASA/CR-2001-210855



	GEOMETRIC ACCURACY POTENTIAL OF THE DIGITAL MODULAR CAMERA
	7pp, APRS, Vol. XXXIII, Amsterdam, 2000

	GEOMETRIC ACCURACY POTENTIAL OF THE DIGITAL MODULAR CAMERA
	IAPRS, Vol. XXXIII, Amsterdam, 2000



	Image Analysis for GIS Data Acquisition
	Photogrammetric Record, 16(96): 963–1985 (October 2000)

	LOW COST DIGITAL RECTIFICATION ON A PC
	Photogrammetric Record, 15(89): 703-714 (April 1997)

	OPERATIONAL USE AND CALIBRATION OF AIRBORNE VIDEO IMAGERY FOR AGRICULTURAL & ENVIRONMENTAL LAND MANAGEMENT APPLICATIONS
	Centre for Spatial Data Analysis

Charles Sturt University



	Oregon DEQ TMDL Modeling Review
	Oregon Department of Environmental Quality, Portland, OR

	Paired Color Infrared and Thermal Infrared

Imaging And Analysis for Selected Idaho Streams
	IRZ Consulting, Hermiston, OR 2001

	PC-BASED DIGITAL PHOTOGRAMMETRY


	UN/COSPAR/ESA/GORS

Workshop on Data Analysis and Image Processing Techniques

Damascus, GORS 25-29 March 2001

	PHOTOGRAMMETRIC CAPABILITIES OF THE KODAK DC40, DCS420 AND DCS460 DIGITAL CAMERAS
	Photogrammetric Record, 16(94): 601–615 (October 1999)



	PRACTICAL INFLUENCES OF GEOMETRIC

AND RADIOMETRIC IMAGE QUALITY

PROVIDED BY DIFFERENT DIGITAL

CAMERA SYSTEMS
	Photogrammetric Record, 16(92): 225–248 (October 1998)



	Recent Developments in Airborne Infra-red Imagers
	GeoInformatics, January/February 2001

	SOME THOUGHTS ON THE EMERGENCE

OF DIGITAL CLOSE RANGE

PHOTOGRAMMETRY
	Photogrammetric Record, 16(91): 37–50 (April 1998)



	Stereoscopic Mapping with Thermal Infrared Images
	IGARS’99



	THE PRINCIPAL POINT AND CCD CAMERAS


	Photogrammetric Record, 16(92): 293–312 (October 1998)

	THE ROLE OF A DIGITAL INTELLIGENT

CAMERA IN AUTOMATING INDUSTRIAL

PHOTOGRAMMETRY
	Photogrammetric Record, 16(92): 199–212 (October 1998)



	Using 35mm Digital Cameras in the

Aerial Compliance Program
	USDA FSA

Aerial Photography Field Office

April 2001


--Camera Vibration and Design Considerations

Image quality and resolution of aerial camera systems are frequently affected by aircraft movements and vibrations.  A gyro-stabilized mount typically provides a camera system with mitigation of image vibration and maintains camera position regardless of aircraft attitude.  Keeping the camera unit in a vertical or near vertical position allows for the projection images to the correct locations on the ground when properly referenced to earth coordinates.  Servos and motors that are coupled to gyroscopic mounts can remotely control camera positioning to achieve and maintain a particular attitude, but such systems are very expensive and are normally certified only for a specific aircraft. The imaging system that this proposal offers to produce will be manually controlled on three axis by direct linkages that will be far less costly, portable from aircraft to aircraft, and highly reliable and durable.  The manual controls help facilitate unit portability.

Gyroscopic stabilization can be achieved through the use of an optional portable gyroscope.  The unit that this project will test for this purpose is the Ken-Lab KS-8 unit pictured in Figure 1 that retails for $ 3,200.  The KS-8 was developed to provide simplified stabilization for camera equipment in the 8 to 12 pound range.  Kenyon Laboratories has been building Gyro Stabilizers for about fifty years.  Their units were originally designed for the military to keep binoculars steadily on target from a pitching ship. The Ken-Lab gyros are now also used for medium format cameras, cinematography and  by NASA.
Figure 1 
 KS- 8 Portable Gyro
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Specifications:
Size: 3.4”  diameter x 5.8” long
Weight: 5.13 lbs (82  oz.)
Power: 115 volts, 400  Hz, 28 watts  starting with 20  watts running after 12 minutes. 2.5 hours running on a fully charged  KP-6 Power pack.
Panning  Rate: 30 degrees per second
	KS-8 ADMIRAL GYRO
	$3,200

	BATTERY PACK
	$135

	BATTERY ONLY
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--External Mount Certification

The external camera mount is probably the only viable approach to developing a portable FLIR/imaging system that can be used on multiple aircraft. “External camera mounts may be advantageous in some situations because they do not require structural modification of the aircraft.”3 
This project will allow for the design, testing, and certification of a combined FLIR and small format digital camera in one portable unit that will be certified in a Cessna 170.  Once the technology has been demonstrated in collaboration with Washington Department of Ecology and other interested agencies/organizations, a parts manufacture approval (PMA) can be obtained from the FAA to provide the same unit for similar aircraft such as the Cessna 172, 180, 182, 185, and 206.  Olympic Aero Services in Woodland, WA has been selected to provide engineering and administrative assistance for FAA approval of the new unit for the Cessna 170.  They are also the suggested choice for PMA approval for additional aircraft. The cost for the initial FAA approval and the PMA are itemized in the References Section.
3
Teasdale, Gregg N. (2002). Satellite and Aerial Imaging in Characterization,Hydrologic Analysis and Modeling of Inland Watersheds and Streams, Ph.D. Dissertation, Department of Civil Engineering, Washington State University, Pullman, WA. (in publication).
--Imaging Spectrum

The part of the electromagnetic spectrum captured by FLIR lies in the infrared wavelengths between 7-13 Microns.  Comparably, standard 35mm film and the digital frame cameras record visible light wavelengths between 4-7 microns (see Figure 2).

Figure 2.  Electromagnetic Spectrum (source: NASA Global Hydrology and Climate Center)
[image: image1.png]Wavelength
(wm)

10"

0.4
07

-1.0 Near & Mid

-100

10

104 Microwave

10

-10f

Spectral

e Semsors

Ultravic

let Photomultipliers.

Visible

Infrared

Thermal
Infrared

TVRadio

What wavelengths say about the past.

Blue: Information on soil and plant types,
forest spes, buildings, oads, cousts, and water.

Greens Borders between tpes of vegetation
and traces of buildings and roads.

Red: Chlorophyll absorption for plant
idenification and man-made features
ke buildings and rouds.

Near-Infrared: The amount of biomass,
vegetation types, water body identification,
and degrees of soil moisiure.

Mid-Infrared: The amount of moisture
in vegetation and soils. Distinguishable
differences among tpes of rocks.

Thermal Infrared: Vegetation sress differences,
soil moisture and relatve amounts of heat.

Microwave: buried artifacs in arid regions
(water absorbs microwaves). Man-made
objects tend 10 reflect microveares.




--Speed and Altitude

Image acquisition rate is an important factor affecting FLIR image quality and temperature discrimination.  This relates directly to aircraft speed and altitude.  The lower altitude flights require slower ground speed (rate at which the aircraft passes over the ground as distinguished from airspeed) for suitable imagery.  For the FLIR equipment proposed, a complete envelope of ground speeds versus altitudes will be tabulated as part of the project.  Based on Umpqua River imagery4 acquired during August 2001, ground speeds up to 107 MPH at 

4July 2001, SMI provided imaging services for a joint project with BPA, ODFW, DEQ, Douglas Electric Cooperative

approximately 1200 feet provided good imagery as indicated by the samples below in Figure 4 (Compare Image Pair A 107 MPH and Image Pair B 86 MPH).  The FLIR equipment used in this project required approximately 1-second to acquire and refresh spot temperatures (note the time/location of Spot 2 (SP2) and the indicated temperature).  These images were acquired by using the BPA helicopter and their Ultra 570 FLIR system.  The latest FLIR PM 695 (specifications can be viewed in References Section) model which has comparable performance to the 570 IR equipment, but with additional features such as dual thermal and visual imagery and 5 spot temperatures versus 3 for the Ultra 570.  The “Spot” temperature refresh rate for the PM 695 is reported to be at 60 Hertz.  In the current project, all cameras will be housed in a portable mount on a Cessna 170 as generalized in Figure 5. The actual end design will likely be different as a result of anticipated mechanical linkages for 3-axis positioning.  As suggested earlier, mechanical positioning will reduce cost and facilitate portability. 

Figure 4 
Sample Images Acquired at 107 MPH and 86 MPH

Image Pair A – 107 MPH
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Image Pair B – 86 MPH
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--Imagery

Coupled in the mount (Figure 5 on following page) with the FLIR PM 695 camera will be a digital frame camera that uses appropriate new off-the-shelf technology.  This digital camera is similar to the ubiquitous 35mm film camera, but the photo emulsion is replaced by a charge-coupled device (CCD) that records incoming light.  A computer chip then transforms and saves the recorded data in a digital image file.  The FLIR video camera stores imagery in a similar fashion utilizing both continuous digital recording tape and user-selected intervals for digital snapshots. Both cameras will have a common center of focus to facilitate image overlays.  For testing and development, a 5.2 mega pixel digital camera will be used in conjunction with the dual imaging PM 695.  The technology associated with digital imaging has been progressing very rapidly, so one can expect that 2001-2002 cameras will be improved 1-2 mega pixels per year for several years.   CCD or CMOS (complementary metal-oxide semiconductor) image sensors should overtake traditional photographic film technology in the near future. “Not every photon falling onto a detector will actually be detected and converted into an electrical impulse. The percentage of photons that are actually detected is known as the Quantum Efficiency (QE). For example, the human eye only has a QE of about 20%, photographic film has a QE of around 10%, and the best CCDs can achieve a QE of over 80%.” 5   This suggests that digital CCD cameras may be able to achieve a comparative resolution of up to 8 times that of the current photographic film. Emulsion types of films produce images equivalent to about 8 mega pixels.

With this rapidly improving technology, by July 2003 when this proposed project is completed, a suitable 6+ Mega pixel off-the-shelf camera will likely be available for use with this portable FLIR system.    

5 Mullard Space Science Laboratory, University College, London, A Basic Introduction to CCD Operation, 2002

…
Figure 5 
Cessna 170 Generalized Portable Mount Drawings
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--Image Mapping and GIS

Imagery gathered from one hundred miles (161 kilometers) of a water course at 200 meter intervals would produce 805 digital color images and 805 digital IR or photo images in addition o the continuous IR video using the system proposed.  An efficient and user-friendly method to locate and evaluate or process selected imagery will be employed by storing images in a database file an then importing image locations to a common GIS platform such as Arcview.  Users will be able to point and click a map of a water course in the database of acquired imagery and display a digital color image and the matching IR image in one window (see Figure 6).  

Acquired imagery could also be imported in the raw form into digital elevation model platforms like the U.S. Navy’s Microdem which allows users to register images and overlay contours or other geographic attributes.  Microdem is in the public domain and is available at no cost.

Smart Map Imaging will subcontract with Dr. Piotr Jankowski, a GIS specialist and professor of geography at the University of Idaho, Moscow to guide the development of the user-friendly GIS interface (see Section 4 – Key Personnel).

-- Smart Map Imaging

Smart Map Imaging (SMI) has been in operation since 1994.  From 1994 – 1998 the business was operating under the name JT Haugen Consulting and was formally changed to the current business name in 1998.  Business products include specialized low-altitude balloon photography and custom maps.  Contract management or support of various science education projects and programs sponsored by BPA, Saturday Academy/OGI, NSF, and the Northwest Regional Education Laboratory were the primary SMI contracts during the 1994-1998 time period.  Since 1998, SMI has concentrated efforts on developing aerial imagery and thermal imaging projects.  In September 2000, SMI worked with BPA and the Scappoose Bay Watershed Council to acquire thermal imagery of the principal streams in the watershed for assessment purposes.  With assistance from Douglas Electric Cooperative, BPA ODEQ, and, Oregon Fish and Wildlife, SMI provided FLIR camera operation and geo-positioning of imagery for baseline assessment of the North and South Umpqua Rivers in Oregon during late July 2001.  Since the latter part of 2001, SMI has been working with commercial pilot Joe Moilanen of Longview, Washington in the design and development of a portable aerial camera system that can be utilized on any high-wing aircraft.  

Figure 6
Clickable Map Concept for Accessing Thermal Imagery Pairs
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--Delivery of Innovative Product
The final major project component will be the presentation of the new products to potential users.  Four locations are suggested for 1-day hands-on training workshops that will demonstrate the use, capabilities, and operation of all the components developed through this project.  Sites in the Seattle, Spokane, Yakima, Portland, and Eugene areas would all be agreeable locations for training conducted by SMI.  Joel Haugen, owner-operator will conduct all training sessions.  Mr. Haugen has over 15 years experience conducting educational workshops and training presentations (see Section 4 Key Personnel).

c. Rationale and significance to Regional Programs

Low-cost tools for watershed research and assessments are significant for all interests in the Columbia Basin as elsewhere.  Thermal imaging for watershed and habitat applications, while relatively new, has been employed successfully throughout the Basin, albeit at considerable cost.  If funded, this project will serve to dramatically lower the cost of thermal imaging both for local and systemic applications.  Added benefits will be parallel high quality digital color imagery and an efficient GIS interface.

To some degree, this project can serve to benefit all 9 provisional objectives of Columbia River Basin Fish and Wildlife Program. 6    This project will could also help facilitate the biological, ecological, water quality, and socio-economic Objectives of the Basinwide Salmon Recovery Strategy. 7
6  Provisional Statement of Biological Objectives for environmental characteristics at the Basin level, Columbia River Basin Fish and Wildlife Program – A Multi-Species Approach for Decision Making, Council document 2000-19

7  Basinwide Salmon Recovery Strategy, Federal Caucus,  December  2000

	

	


d. Relationships to other projects 
The Innovative Project funded in 2001 “Waterbody and Aquatic Habitat Characterization Utilizing High Resolution Satellite Imagery and Aerial Imagery,” being conducted by Teasdale Environmental Associates (ID 22057) appears to be a potential partner or collaborator with this proposal.  A conversation with Mr. Teasdale suggests that there could be benefits to using a common watershed area to test the imaging capabilities of the proposed products herein.

This proposal appears to relate directly to EPA’s Total Maximum Daily Load (TMDL) Program.  The 1998 Section 303 (d) listing of waters with impairments indicates 207 water bodies in Idaho, 455 in Washington, and 947 in Oregon with thermal impairments.  Many watershed councils in the Columbia Basin would likely, also benefit from these low-cost imaging products,

In the aggregate, it seems that the proposed product has the potential to provide significant cost-savings, increased flexibility, and improved measurement research tools across the spectrum of Columbia River Basin interests.

e. Proposal objectives, tasks and methods
	Objective 
	Task
	Method

	Design & Produce Portable Mount for a Combined FLIR/Digital Frame Camera Unit for Use on Selected High-Wing Aircraft
	Engineer, Develop, and Test an FAA Approved Portable Mount
	With Technical Guidance from Olympic Aero Services Produce, Certify, and Test a Working Imaging System Mount Using a Cessna 170 Aircraft *

	Produce Low-cost Geo-referenced Thermal Imagery in Collaboration with Basin Interests to. Usefulness.  
	Fly 50-100 Hours in Selected Watersheds to Acquire Useful Test Imagery for Collaborator(s)
	Using a Cessna 170, a Combination of Low-Altitude Flights will Acquire Synchronized Imagery Using a Portable GPS Unit to Provide Image Position Information.

	Develop an Effective GIS Interface
	Create a Standardized  Method for Storing Imagery in Latitude/ Longitude Reference Files that Can Be Displayed as Map Point Locations
	With Assistance from Subcontractor Dr. Piotr Jankowski, a Efficient Method for Importing Acquired Images Directly into a Map Display Will Be Developed

	Demonstrate Product Utility
	Provide Four Basin Location Presentations/workshops on the Use and Utility of the New Thermal Imaging System
	Advertise and promote participation among stakeholders to attend one of the four workshops that will provide details on the operation and use of the new equipment and GIS software interface.

	Make Thermal Imaging Units Available at Cost to Basin Interests
	Develop a Source that Users Can Go to for the Approved Mounting System and FLIR/Digital Camera Components
	Utilize the Assistance of Olympic Aero Services, Provide a PMA Mount for Selected Aircraft With Options for FLIR Rental and GPS/Digital Camera Equipment

	Provide Final Project Report & Recommendations
	Evaluate the Success of the Project and Product Developed
	Acquire verbal and written critiques from collaborators using the imagery and /or product and summarize results together with a report on the project components


*  SMI and commercial pilot Joe Moilanen both have suitable shop equipment and experience to produce a certifiable system.

f. Facilities and equipment
The Table below summarizes the facilities and equipment available to support this project.

	SMI
	Joe Moilanen
	Piotr Jankowski
	FLIR Systems

	Digital Cameras
	Cessna 170 Aircraft
	GIS Software & Requisite Computer Equipment 
	FLIR Rental Products & Software

	GIS Software Packages
	Machine Shop & Welding Equipment
	
	

	Computers & Peripherals
	
	
	

	GPS Units & Antennas
	
	
	

	Machine Shop & Welding Equipment
	
	
	

	Training Equipment & Supplies
	
	
	


g. References

Reference 1 – Teasdale E-mail March 2002

Hello all,
 

Very interesting proposal!  Door-strut mount camera systems have a unique place in the history of small format aerial imaging.  I conducted an extensive literature search of small format aerial camera systems and mounting strategies in my PhD work.  I'd be happy to share some of these references with the proposers if they have not done this background work already.  It is good to see someone willing to take a fresh look at the design of door-strut mounts and face the challenge of FAA approval.    
 

There may be no overlap with my work.   As part of our BPA imagery project, I am incorporating a natural color/infrared digital camera into my aerial imaging system and will be acquiring simultaneous natural color and color IR imagery of our BPA demonstration projects in Idaho and Washington this spring and summer.  My IR imagery is near infrared and does not collect the emitted thermal infrared energy normally captured by what is known as FLIR and thermal imaging systems.    Also my aircraft has a conventional vertical camera hole, installed with FAA approval, and all my equipment is housed within the aircraft cabin. 
 

If the proposers intend to develop a thermal infrared imaging system for fixed wing aircraft, then they have apparently solved a vexing problem that has caused me to avoid investing in thermal cameras for my aerial imaging services.   I would encourage you to fund them and share the results.  Perhaps there is an opportunity for collaboration.  As part of the BPA imagery project,  we are demonstrating the usefulness of satellite thermal infrared imagery (Landsat, ASTER, MTI) in aquatic resource assessment.  Maybe the proposers would be willing to conduct some flight tests in our Yakima Basin demonstration area.  If we planned simultaneous acquisitions, the broader coverage-lower resolution satellite TIR could provide excellent context for the high resolution thermal imagery, perhaps extending its statistical significance. 
 

Please feel encouraged to contact me by email or phone if any of you would like to discuss my project or the new proposal further.
 

Regards,
 

Gregg N. Teasdale, P.E.
Teasdale Environmental Associates, PLLC
(208) 285-1637
Reference 2 - FLIR Rental Program

April 01, 2002


Smart Map Imaging

52363 Jobin Lane

Scappoose, OR 97056

Attn:
Joel  ContactInitial Haugen

Phone:
503-543-6879

Email:
JTHaugen@centurytel.net

Dear Mr. Haugen:

FLIR Systems, Inc. is pleased to submit the attached rental quotation in response to your request.  Renting the ThermaCAM is a great way to solve temporary test or inspection requirements, or to evaluate a camera prior to purchase.  Accompanying accessories such as 

software or optics are also available for rental.  Typical rental periods are for either 2 or 4 weeks, with longer periods also available.  Our rental rates are very reasonable, and up to 80% of your cost may be applied towards the eventual purchase of a system (some restrictions apply).  FLIR Systems is the largest commercial infrared company in the world with a combined experience of over 90 years in infrared technology.  FLIR Systems has leveraged this experience to develop the highest performance and best selling thermography systems in the world.

The High Performance ThermaCAM PM 695
Introducing the ThermaCAM PM 695, the world’s first completely automated infrared inspection system.  Featuring both thermal and visual imaging capabilities, the PM 695 quickly and accurately records and stores images, data, voice and text comments together, allowing you to instantly create comprehensive inspection reports.  The PM 695 uses a third generation uncooled microbolometer detector; the most advanced IR camera technology available, providing outstanding longwave imaging performance and precision temperature measurements.  New auto focus and auto range features produce perfectly adjusted, crisp high-resolution thermal images to help you see problems clearly and speed survey time.  A built-in digital visual camera captures critical details making reporting and analysis easy.  Rugged and handheld, the ThermaCAM PM 695 incorporates all the requirements of an IR inspection program in one system.

Thermal and Visual Images 
The PM 695 is the first radiometric camera to offer both thermal and visual imaging. High-definition 14-bit thermal images are simultaneously recorded with visual images captured by the PM 695’s built-in digital camera.  Avoid the need to carry extra digital and photographic cameras with you to record survey details.

Maintenance-Free Uncooled LONGWAVE Detector 

Patented solid-state third generation microbolometer sensor needs no cryogenic cooling, making it the simplest and most reliable IR camera technology available.  Perfect for most predictive maintenance applications, longwave technology provides superb image quality, high precision measurement accuracy and solar reflection immunity.

Rugged Portability 

Designed for use in harsh environments, the PM 695 is fully ruggedized and meets IP 54 standards.  With an all-metal sealed camera body, the PM 695 fits comfortably in one hand and requires no external cables to operate.  For reliable, uninterrupted operation in any environment, ThermaCAM uses long-life, no-memory NiMH batteries to provide over two hours of continuous use.

Automatic Operation 

Fully automated features simplify the predictive maintenance process-from capturing images to documenting results in easy-to-understand reports.  Capture the details clearly using the PM 695’s revolutionary auto focus, auto range, and auto span features.  The PM 695 automatically does the work for you and delivers the data you need to document results and make critical decisions.

Precision Temperature Measurement

Evaluate the thermal condition of equipment on the spot and make accurate non-contact measurements from -40° to 500°C (2000°C optional).  With five measurement modes, the PM 695 provides powerful and flexible temperature analysis.  Emissivity QuickSelect™ takes the guesswork out of selecting emissivity values by providing a drop-down list of common materials to be inspected.Easy-to-Use 
The PM 695 defines point-and-shoot simplicity and provides immediate results.  Press one button and obtain perfectly focused and adjusted thermal and visual images; press again and store images to the removable PC card.  Clearly identify problems while viewing crisp and highly detailed images on a built-in color viewfinder or optional large-format LCD panel.  With automatic features, instant-on operation, multi-lingual capabilities, and intuitive ThermaCAM® Reporter™ software interface, the PM 695 offers a total predictive maintenance solution.
Mr. Haugen, FLIR Systems has a proven track record of expertise in meeting the needs of applications such as yours, and we hope you’ll soon become one of the many fine companies and government agencies that use our high performance systems in their facilities.  Should you have any technical questions or need a free product demonstration, please call your local District Sales Manager:

	Mr. David Shahon

	FLIR Systems, Inc.

	Office: 253-875-1185


If you have other questions concerning this information or quotation, please feel free to contact me directly at 978-901-8866.  We look forward to doing business with you and meeting your infrared needs.  Thank you for your interest in our product.

Best Regards,

_____________________________

Kellie A. Reardon

Rental Program Manager

FLIR Systems, Inc.

978-901-8866

Kellie.Reardon@FLIR.com

ThermaCAM PM 695 

TWO WEEK

Rental Quotation

	Item
	Qty
	Description
	Total

Price

	
	
	
	

	1
	1
	ThermaCAM PM 695
	$2,498

	
	
	Including the following parts:
	

	
	
	· ThermaCAM PM 695 Camera with built-in 24° lens
	

	
	
	· Integrated Visible Light Camera
	

	
	
	· Auto Focus
	

	
	
	· 4 Station Intelligent Battery Charger
	

	
	
	· Battery, 4 each
	

	
	
	· Video Cable SMB to BNC/PHONO, 1.6m.
	

	
	
	· Flash PC Card, 100 MB or Greater (>600 images)
	

	
	
	· Shoulder Strap
	

	
	
	· Viewer Software
	

	
	
	· VoiceTrak (Digital Voice Annotation

· AC Power Supply
	

	
	
	· Operating Manual
	

	
	
	· Shipping/Carrying Case
	

	
	
	· Temperature Measurement from -40°C to 500°C
	

	
	
	
	

	
	
	Advanced Camera Features:
	

	
	
	· 5 Temperature Spots, 5 Areas, Vertical or Horizontal Line Profile, Text Annotation, Emissivity Quick Select, Continuous Image Storage and Extended Screen Graphic Information Display
	Included

	
	
	
	

	2
	1
	Researcher ST Software
	$290

	
	
	
	

	
	
	
	

	
	
	Total for PM695 & Accessories Rental:
	$2,788

	
	
	
	


ThermaCAM PM 695

ONE MONTH

Rental Option

	Item
	Qty
	Description
	Unit 

Price
	Total Price

	
	
	
	
	

	A
	1
	ThermaCAM PM695
	
	$4,995

	
	
	
	
	

	B
	1
	Researcher ST
	
	$579

	
	
	
	
	

	
	
	Total Price for One Month Option:
	
	$5,574


Validity:
This quotation is valid for a period of 60 days based on availability.

Delivery:
System shall be shipped Federal Express Priority 1 overnight, one day prior to rental, at the customer’s expense.

Return:
System to be shipped Federal Express Priority 1 overnight, on ending date of rental, at the customer’s expense.

Note:
A hard copy purchase order together with a signed rental agreement (attached) will be required to secure the rental period.  All items to be delivered are based entirely on our inventory status at the time or order placement.

Tax:
The prices stated are exclusive of any federal, state, municipal, or other government tax now or hereinafter imposed upon the production, storage, sale, transportation, or use of the products described herein.  Unless a state issued tax exempt certificate is presented at the time of order placement, sales tax will be applied when shipping product to the following states: AL, AZ, CA, CO, FL, IL, KY, MD, MA, MI, MO, NJ, NY, NC, OH, PA TX and WA.  Training is not taxable in any state.  The U.S. Government is not taxable in any state.  If taxable, please include amount and percentage on purchase order.

Note:
Please reference the above quotation number when submitting a purchase order.

	

	Kellie A. Reardon

	Rental Program Manager

	FLIR Systems, Inc.


FLIR SYSTEMS, INC.

RENTAL AGREEMENT

THERMOGRAPHY SYSTEMS

TERMS AND CONDITIONS
1.
A purchase order identifying the thermal imaging system (“Instrument”) to be rented, the FLIR rental rate and rental period as well as an executed copy of this Rental Agreement (“Agreement”) are required prior to shipment of an Instrument.  In addition, new customers choosing not to use a credit card are required to provide a standard accounting reference sheet with three trade and one bank reference.

2.
Unless specifically noted otherwise in FLIR documentation accompanying this Agreement, the monthly rental rate will be 10% of the Instrument (with accessories) sales price.  If so indicated in accompanying FLIR documentation, an Instrument may be rented for a minimum of two weeks at 5% of the then current sales price.  Renter shall be billed monthly with payment due Net 30 days from date of invoice.

3.
The rental period for an Instrument shall begin on the delivery date of the Instrument to the Renter and shall end on the rental period end date as agreed to in writing by FLIR Systems and Renter prior to the start of the rental period.  Renter agrees to receive the Instrument being shipped Federal Express Priority 1, at its own expense, and that Renter will be billed for the rental and shipment at Net 30 days from the first invoice date subject to credit approval.  Acceptance of the Instrument occurs upon delivery.  Upon receipt, Renter agrees to inspect the Instrument and to verify such information as FLIR Systems may require.

4.
Renter agrees to return camera system items to FLIR Systems by prepaid freight, Federal Express Priority 1, in as good condition as it was when received, ordinary wear and tear expected.  Renter’s liability under this section shall be limited to the current list price of the Instrument.

5. 
Renter is responsible for reading the Instrument operations manual and operating the Instrument in accordance with the manual.  In addition, Renter may receive training at the FLIR Systems facility by one of the FLIR Systems field representatives to supplement the Renter’s reading of the manual.  Requested training that requires travel expenses will be at the expense of the Renter.  Requested training in excess of four hours shall be billed to the Renter.

6.
Renter agrees to notify FLIR Systems immediately in the event of Instrument failure or damage.  In the event Instrument failure is not the result of misuse, the Renter is not liable for the repair and is credited for the amount of time between the Renter’s notification and the Renter’s receipt of an operational replacement.  The Renter is, under no circumstances, authorized to open the Instrument case or service the Instrument.  Similarly, Renter may not hire a third party to service the Instrument.  If Renter (or a third party without FLIR authorization) does repair, replace, alter or service the Instrument, Renter shall be responsible for payment to FLIR Systems of the total list price of the Instrument as printed in the FLIR Systems current price list.

7.
Renter hereby promises to pay FLIR Systems for repair or replacement costs that result from damage, loss or destruction of the Instrument.  

8.
Renter hereby promises to return the Instrument by the rental period end date.  Renter hereby agrees that failure to return the Instrument by the end date will automatically result in the addition of a 2 week rental period (or longer if the Renter chooses) to the original period at the same proportional rental rate.  FLIR Systems will then provide a new end date for the Renter.  The Renter hereby agrees that the additional amount will be added to the invoice and paid to FLIR Systems.  In all cases, Federal Express waybill information will be used to determine the date that the Instrument was sent.

9.
All Instrument rental fees accrued within 90 days from receipt of rental Instrument (start date appears on inventory sheet) are 80% recoverable against the purchase of an Instrument.  Rental credits calculated assuming purchase would include all items included in original rental.  Rental credits earned on one Instrument may not be applied to another Instrument.  Rental credits are not allowed on accessories rental alone without an Instrument.

10.
Renter agrees that the terms and conditions of this agreement apply to any and all rentals for a period of one calendar year after its signing.

11.
Renter shall not assign any or all of this Agreement without written authorization from FLIR Systems.  

12.
Renter will be in default if FLIR Systems does not receive any of the amounts due from Renter within 10 days after the amount due date.  FLIR Systems may provide written notice of default and may declare due and payable the full amount due under this Agreement.  FLIR Systems may require Renter to return the Instrument as descried in Section 4.  FLIR Systems may require Renter to make available to it all Instruments under the Agreement for repossession during regular business hours.  Renter will not make any claims against FLIR Systems for trespass, damage or for any other reason. 

13.
The person signing this Agreement for Renter warrants that he or she has complete and proper authority to do so.

14.
This Agreement shall be governed and construed in all respects in accordance with the laws of the State of Oregon.  Any action or proceeding arising out of or related in any way to this Agreement shall be brought exclusively in Multnomah County, Oregon.

15.
These terms and conditions comprise the final written expression of the entire agreement between FLIR Systems and Renter and is a complete and exclusive statement of that agreement.  These terms and conditions supersede all prior offers, proposals, agreements, express or implied, and discussions.  Nothing contained in proposals, quotations, correspondence, discussions, order acknowledgements or Renter’s purchase order has any effect on this Agreement, unless expressly stated herein.  Any and all representations, promises, warranties, or statements by FLIR’s agent that differ in any way form the terms of this written Agreement shall be given no effect.

16.
Any action by Renter arising out of or related to this Agreement, whether based on breach of contract or tort (including negligence and strict liability) or other theories, must be commenced within one year from the date it first accrues or it is barred.

17.
If any provision of this Agreement is found to be void or unenforceable, the remaining provisions shall remain in full force and effect.

18.
Renter shall indemnify FLIR Systems and hold it harmless from all third party liability and claims of liability, costs and expenses, including attorney’s fees, for bodily injury (including death) and property damage arising out of or related to Renter’s use of the Instrument.

19.
Renter is advised and acknowledges that rented Instruments are controlled by the US Government for export purposes.  Instruments may not be exported from the United States without permission from FLIR Systems and, as necessary, from the US Government.  Contact the FLIR Systems Export Compliance Department with any questions. 

Company Name:





Title:
Signed:







Date:

Reference 3 - Olympic Aero Services STC Estimate for Cessna 170

Preliminary engineering cost estimate for an STC for the Cessna 170:

	Item
	Estimated hours

	Certification Plan
	16

	Engineering drawings
	50

	Structural Analysis
	16

	Test Plan?
	8

	Testing?
	8

	Flight Manual Supplement?
	8

	FAA meeting
	8

	Interior Compliance
	4

	Total
	118


Including a 25% factor for miscellaneous items and uncertainties (at this point) and rounding up results in estimated hours of 150.  

At a rate of $65/hr this results in a total of $9750.

Reference 4 - Olympic Aero Services Estimate for PMA on Selected Aircraft
	

	Est. Hours

Rate

Cost

Design and Certification

250

65

 $16,250.00 

Materials (assume order qty of 10)

Mounting rack that attaches to seat track

 $     100.00 

Removable camera rack

 $     200.00 

Gyroscope & LED Sensors

 $     500.00 

 $     800.00 

PMA 

Purchasing, receiving, inspection, etc.

4

20

 $      80.00 

Labor

4

20

 $      80.00 

 $     160.00 

Total cost per unit

 $     960.00 

Profit (25%)

 $     240.00 

Total

 $  1,200.00 




Reference 5 - Aircraft Rental Quote from Reliant Aviation

Per our conversation yesterday I am giving you a quotation for a photo flight.  I will quote both the Cessna 172 & 182.  

172: $72.00 per hour + the pilot @ $34.00 per hour = $106.00 per hour.
 

182: $96.00 per hour + the pilot @ $34.00 per hour = $130.00 per hour.
 

The aircraft and pilot are charged out by the tenths of an hour.  
Please give us as much notice as possible so we can get you scheduled and fly when you need to.
 

Thank you for your inquiry and please let us know if we can assist you.
 

Sincerely,
     
                Warren H. Ruck, Jr.
Section 4. 
Key Personnel

Innovative Project Manager

Joel T. Haugen







52363 Jobin Lane

JTHaugen@centurytel.net






Scappoose, Oregon 97056

Cellular: 503-819-0846







(503) 543-6879  

Full-time Experience
1998 - present

Founder, Smart Map Imaging
Specializing in low-altitude geo-referenced imagery and maps.  Provider of digital aerial imagery to altitudes of 3000 feet utilizing a tethered balloon. Primary products are geo-referenced (earth-addressed) imagery, GPS position logs, and IR imaging of watersheds.

1994 - 1998

Contract K-12  Science Education Consultant
Primary contracts have been with BPA, OGI, NWREL, Bayer/NSF, and ODE.

1984 - 1994

Middle School Earth Science Teacher, Hillsboro/Forest Grove Schools
Site Council, coaching, and various community projects.

1983


Manager, Professional Writing Service,  Portland, Oregon
Self-employed operator of writing service

1982


Planning Associate, Higginbotham Architects, Colorado Sprgs, CO
Lead Planner for Hunter Army Airfield Master Plan Update 

1980 - 1981

Geographer, Scappoose, Oregon
Self-employed contract geographer

1978 - 1979

Research & Planning Associate, Port of Portland, Oregon
Aviation surveys, transportation analysis & airport planning assistance

1976 - 1977

Route Driver, WEB Service Company, Portland, Oregon
1975 - 1976

Graduate Teaching Assistant, Western Illinois University
Earth Science Lab Instructor

1968 - 1971  

Flight Operations Coordinator, US Army Vietnam
Paid Part-time
1999 – 2000

Seaside Health Promotion Conference Coordinator

1999 - Present

USPS Inter-modal Mail Transportation Contractor

1989 - Present

FutureMakers Trainer Saturday Academy/OGI


1992 - 1994

Science Bowl Coordinator, Saturday Academy/OGI

1991 - 1992

Education Assistant, Oregon Department of Fish  & Wildlife


1992


Partnership Coordinator, Business Education Compact

Other Experience
1985 - 1994

Home Owner-Builder 


1994 - Present

Experimental Aircraft Builder

Education
Secondary Science Teaching Certification, Portland State University


MA Physical Geography, Western Illinois University


BA Geography/Earth Science, Bemidji State University


Certifications
Oregon Integrated Science/Social Studies; Washington Natural Science/Social Studies Teaching, Private Pilots License
Project Consultant/Sub-contractor - Piotr Jankowski  University of Idaho

  

RANK OR TITLE: Professor of Geography

  

EDUCATION BEYOND HIGH SCHOOL:
 
Ph.D., 1989, Department of Geography, University of Washington


M.S., 1979, Department of Econometrics and Operations Research, Poznan University of Economics, Poland

 

EXPERIENCE:
  Teaching and Research:
 


2001-present, Professor, Department of Geography, College of Mines and Earth Resources, University of Idaho, Moscow, Idaho


2001 Spring, Interim Chair, Department of Geography, College of Mines and Earth Resources, University of Idaho, Moscow, Idaho




1995- 2001, Associate Professor, Department of Geography, College of Mines and Earth Resources, University of Idaho, Moscow, Idaho


2000 (summer), Visiting Scholar, German National Center for Information Technology, Sankt Augustin


1999 (summer), Visiting Scholar, German National Center for Information Technology, Sankt Augustin


1989-95, Assistant Professor, Department of Geography, College of Mines and Earth Resources, University of Idaho, Moscow, Idaho 


1985-89, Research Assistant, Center for Social Studies, Computation and Research, University of Washington


1985 (summer), Teaching Assistant, Department of Geography, University of Washington


1980-84, Research and Teaching Associate, Institute of Economics and Management, Poznan, Poland


1977 (summer), Internship at the Operations Research and Mathematical Programming Department, PREUSSAG A.G., Hannover, West Germany

 



Courses Taught at University of Idaho:

GEOG 180-181-182: Spatial Graphics, University of Idaho, instructor. 

GEOG 385: GIS Primer, University of Idaho, instructor.

GEOG 404/504: Understanding Systems Dynamics, Honors Program Course

GEOG 427: Decision Making Methods for Natural Resources Management, University of Idaho, instructor. This course has also been taught via compressed video for the UI Engineering Outreach.

GEOG 475: Geographic Information Systems, University of Idaho, instructor.

GEOG 470: Computer Mapping, University of Idaho, instructor.

GEOG 582: Modeling and Simulation with Geographic Information Systems. 
 



Research Organization:




Founding member of the University of Idaho Eco-Hydraulics research group. 


An integrated spatial technology lab for GIS, Remote Sensing, and GPS. Funded by the Idaho State Board of Education, 2000-02, Co-PI, $100,000

…numerous publications, presentations, grants, consulting jobs, and other professional affiliations…

Sub-contractor – Joe Moilanen 

446 Moilanen Road

Longview, WA 98632
360-636-2974

360-430-0634

Moilanen@kalama.com

	

	Flight Experience
	Commercial rated pilot. Licensed pilot for 21 years without accident or incident.  Aircraft owner for 13 years with tail dragger and bush flying experience totaling approximately 1200 hours.
 “C” licensed (Advanced) Skydiver rated to do demonstration jumps. 



	Recent Employment 
	1999 - Present     Transport logs from logging sites to mills

1998 – 1999    Operated heavy equipment in Steel Mill.  Loaded and unloaded trucks and railcars with overhead cranes and front-end loaders.  Engineered railcar loading system and was instrumental in yard layout.

1990 – 1998     Transported logs and heavy equipment for logging and excavation operations from site to site.  Performed maintenance and scheduled / planned equipment moves. 

 

	Education
	Graduated from high school in top 10% with honors in 1975. Advanced welding at Lower Columbia College 

	Specialty
	Mechanical Invention
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Visual image from the PM 695





Thermal image from the PM 695








