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ABSTRACT   

Remote sensing imagery was collected from a low flying aircraft along the near coastal waters of the Florida Panhandle 
and northern Gulf of Mexico and into Barataria Bay, Louisiana, USA, during March 2011. Imagery was acquired from 
an aircraft that simultaneously collected traditional photogrammetric film imagery, digital video, digital still images, and 
digital hyperspectral imagery. The original purpose of the project was to collect airborne imagery to support assessment 
of weathered oil in littoral areas influenced by the Deepwater Horizon oil and gas spill that occurred during the spring 
and summer of 2010. This paper describes the data acquired and presents information that demonstrates the utility of 
small spatial scale imagery to detect the presence of weathered oil along littoral areas in the northern Gulf of Mexico. 
Flight tracks and examples of imagery collected are presented and methods used to plan and acquire the imagery are 
described. Results suggest weathered oil in littoral areas after the spill was contained at the source.                       
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1. INTRODUCTION  
1.1 Background 
 
Aircraft imaging sensors developed, calibrated and mounted for airborne remote sensing and reported on by Bostater1,2,3 
at Florida Institute of Technology were used to acquire imagery over near shore littoral zones in the Northern Gulf of 
Mexico, after the Deepwater Horizon oil and gas releases were contained at the source. This BP Quick start project, 
funded by BP through the Florida Institute of Oceanography was originally designed to image weathered oil in the event 
that the released material would come ashore southern Florida’s shorelines. Due to many contributing factors, including 
the occurrence of tropical cyclones that entered the Gulf during the summer and early fall of 2010, weathered oil 
reaching shallow littoral zones (shorelines) were limited to the Florida Panhandle region, Alabama, Mississippi, and 
Louisiana regions. Flights were then designed in October, 2010 to acquire low altitude imagery after the oil spill was 
contained at the source. At this time, the purpose of the flight imagery was to provide information to other research and 
recovery efforts & needs expressed by state organizations. The purpose of this paper is to report and document the flight 
planning and to present examples of imagery collected during March, 2011. Flights were collected during this period, 
since weather conditions from the middle October, 210 to middle of March, 2011did not allow ideal cloud, wind speed 
& direction, tidal, and antecedent rainfall conditions in order to collect imagery that would maximize detection or 
observations indicating the presence of subsurface “weathered oil”. Based upon previous aerial sensing missions 
conducted and reported on by Bostater3 during missions in 2008 and 2009 in Canada, the Caribbean Sea, Florida, and the 
Bahamas, ideal conditions have been shown to be required for subsurface feature detection. Results of advanced 
hydrologic optics modeling4 and synthetic hyperspectral image modeling (including shape factor effects)5,6 developed 
and reported by Bostater7, also demonstrate the need for conducting aerial remote sensing in ideal environmental 
conditions if low altitude, high quality, high spectral and spatial resolution imagery is intended for subsequent scientific 
analysis. This includes analysis for subsurface weathered oil observable in shallow water littoral zones along the Gulf. 
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Large field of view sensors as well as flight line tracks of hyperspectral reflectance signatures are useful for helping to 
help solve many land and water environmental management problems and issues. High spectral and spatial resolution 
sensing systems are useful for environmental monitoring and surveillance applications of land and water features, such 
as species discrimination, bottom top identification, vegetative stress or vegetation dysfunction assessments8. In order to 
help provide information for environmental quality or environmental security issues, it is safe to say that there will never 
be one set of sensing systems to address all problems.  

 

2. TECHNIQUES & METHODS 
2.1 Mission Flight Track Planning 

Flight planning began in Early October of 2010. Requests were sent to researchers and agencies regarding specific areas 
they were interested in receiving imagery. Requestors sent information on locations, including specific latitude and 
longitude. Some requestors only provided general location information. Based upon knowledge of areas where 
weathered oil reached littoral areas in northern Gulf of Mexico, GPS coordinates or waypoints were mapped and entered 
into three different GPS or DGPS flight computers. Flight missions were planned and are shown below, from the Big 
Bend area of Florida’s panhandle, southern Alabama, Mississippi and into the coastal areas of Louisiana. 

  

 

 

 

 

 

 

 

 

 
 

Figure 1. Overview of aerial flight tracks established in October 2010 for low altitude aerial hyperspectral and multispectral digital 
sensors, high definition video cameras and photogrammetric camera based flight missions. See www.bostater.info for online 
information. 

As indicated in the introduction, a-priori conditions were established at Florida Institute of Technology in order to make 
“go or no-go” daily fight decisions on a daily basis until the end of March, 2011. The conditions specifications are 
described in Figure 2 below. These conditions are quite restrictive, but deemed necessary in order to acquire high quality 
imagery. As noted in the Figure 2, the decision was made to lessen the restrictive criteria in the event of any new oil or 
gas releases being reported from the BP Deepwater Horizon oil and gas wellhead. In general, the actual flight tracks 
deviated to those outlined above only due to ATC inflight requirements approaching Mobile Bay, Alabama and due to 
the presence of inflight cloud development that occurred along the Louisiana and Mississippi planned missions and 
flight tracks. Approximately 17 hours of flight time and along flight tracks occurred over 4 four mission days. The 
missions occurred on March 12 and 13 and March 20, 21, 2011. 

Clouds conditions during the flight mission days are shown in Figure 3. The aerial missions occurring on March 12 and 
13 were limited to flight tracks from the Big Bend area in the Florida Panhandle region to eastern Alabama. Flight tracks 
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Acquisition Systems Metafile Description:
Mapping Camera, 12 inch Cone, aft (9 inch AGFA Aviphot X400 PE1 Color Negative Film
Scanned: 3 Band Multispectral imagery, ~5-7 cm scale pixels (~475 mega pixel images).
2 Full HD Video Digital Cameras, DGPS encoding (forward & aft), GZ-HM550.
Nikon D2Xs 12.3 Digital Frame Camera, DGPS encoded, Telephoto Lens & 
Vibration Reduction, cm scale pixels.
Hyperspectral Digital Pushbroom Imaging System, KB-HSI-A-SHARK-Fusion System
64-1024 spectral channels; 1376 spatial pixels, ~39o FOV Lens, V8E ImSpector transmission
spectrograph; TE temperature cooled camera @ -210 C with real time data, signatures, 
and image display; GPS and IMU data displayed
DGPS: Garmin 196@1 HZ; Two HICOM 406BT@1 HZ; Garmin DGPS 496@5 HZ
IMU: Motion Node USB @ 100 Hz
400B Autopilot in Heading Mode (Yaw, Pitch & Roll Platform stabilization
Gimbal Mounted KB-HSI-A-SHARK-Fusion System Pushbroom Imaging System & IMU
Fujitsu Pen Tablet ST5012/ST6012 Airborne Data Recording  & Acquisition

Note: The HSI Custom Platform System hardware, software development and gimbal system
Developed by Dr. Charles Bostater, 2004-2009.

The imaging airborne remote sensing systems were acquired an altitude between 1370m (4500ft) and 457m (1500ft) 
aboard a twin engine Cessna Chancellor. The aerial platform has been modified using a designated engineering 
representative (DER) and associated field approvals from the US FAA, but retains a standard category certification. The 
suite of imaging systems are described in Figure 4 below and are documented in the metadata file at www.bostater.info 
and described in previous publications by Bostater, 20088; Bostater, Frystacky, Nemes, and Bassetti, 20094; and 
Bostater, Jones, Frystacky and Kovacs, 20101. The acquisition system instrumentation systems utilized for the study is 
summarized in Figure 4. 
 

Figure 4. Summary of the onboard cameras, sensor systems and selected platform configuration used during the airborne image 
acquisitions. Metadata file description at www.bostater.info. Post Processing for Platform Motion utilizes custom Kalman filtering 
using 5 HZ DGPS and 100 HZ IMU data steamed to the onboard portable Pen Tablet computer. 
 

Airborne imagery shown in this paper was collected at 1,225 m between 10 AM local time to 4 PM local, with a 1/225 
second shutter speed and aperture adjusted for optimal contrast and exposure. The large format (9 in2) negatives scanned 
at 2400 dpi using a scanner and a special glass plate minimizes “newton rings” in the resulting ~255 megapixel 
multispectral imagery shown below (left image).  

Experience has shown that this method works well with AGFA X400PE1 color negative film. The aerial negative 
scanning process is calibrated using a scanned target with known sub-millimeter scales 0.005 mm to 5 um resolution 
using a 2400 dpi scanner. The film scanning process results in three band multispectral images with spectral response 
curves published by the film manufacturer.  

 

3. RESULTS AND DISCUSSION 
Figure 5 below shows images of weather oil along the shore in the Jimmy Bay, LA., eight months after the major spill 
was contained in the deep waters of the northern Gulf of Mexico. The weathered oil is observable in both HS imagery 
and MS imagery. 

 

2.2 Airbborne Sensorss & Systems UUsed for Imageery Acquisitioon 
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4. SUMMARY AND CONCLUSIONS  
The purpose of this paper has been to report on the acquisition of aerial imagery in support of research related to the BP 
Deepwater Horizon oil and gas spill. Example imagery shows the presence of weathered oil in littoral waters and 
marshes. Oil booms and recovery activities were ongoing as documented in the imagery. The high spatial and spectral 
resolution imagery types shown in this paper are examples of airborne imaging technology available for characterization 
of the water surface as well as subsurface features in aquatic systems and can be used for research regarding weathered 
oil detection and in in support of oil spill remediation and recovery related efforts in littoral zones in the Gulf of Mexico 
or other geographical areas in the future.  
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