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ABSTRACT   

Hyperspectral imagery offers unique benefits for detection of land and water features due to the information contained in 

reflectance signatures such as the bi-directional reflectance distribution function or BRDF. The reflectance signature 

directly shows the relative absorption and backscattering features of targets. These features can be very useful in 

shoreline monitoring or surveillance applications, for example to detect weathered oil. In real-time detection 

applications, processing of hyperspectral data can be an important tool and Optimal band selection is thus important in 

real time applications in order to select the essential bands using the absorption and backscatter information. In the 

present paper, band selection is based upon the optimization of target detection using contrast algorithms. The common 

definition of the contrast (using only one band out of all possible combinations available within a hyperspectral image) is 

generalized in order to consider all the possible combinations of wavelength dependent contrasts using hyperspectral 

images. The inflection (defined here as an approximation of the second derivative) is also used in order to enhance the 

variations in the reflectance spectra as well as in the contrast spectrua in order to assist in optimal band selection. The 

results of the selection in term of target detection (false alarms and missed detection) are also compared with a previous 

method to perform feature detection, namely the matched filter.   

In this paper, imagery is acquired using a pushbroom hyperspectral sensor mounted at the bow of a small vessel. The 

sensor is mechanically rotated using an optical rotation stage. This opto-mechanical scanning system produces 

hyperspectral images with pixel sizes on the order of mm to cm scales, depending upon the distance between the sensor 

and the shoreline being monitored. The motion of the platform during the acquisition induces distortions in the collected 

HSI imagery. It is therefore necessary to apply a motion correction to the imagery. In this paper, imagery is corrected for 

the pitching motion of a vessel, which causes most of the deformation when the vessel is anchored at 2 points (bow and 

stern) during the acquisition of the hyperspectral imagry.  

 

Keywords: Feature Detection and Discrimination, Contrast Algorithms, Shoreline Monitoring and Surveillance, 
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1. INTRODUCTION  

In remote sensing applications of littoral zones and shorelines for environmental monitoring and surveillance, one is 

typically interested in target (or feature) detection at the land water margin. A target can be a natural feature, such as 

weathered oil, as well as a man-made object or target. Hyperspectral imagery (HSI) is used for such applications since it 

offers unique benefits in term of feature detection or discrimination due to the information contained in the numerous 

bands present in the hyperspectral image cube. A common way to perform feature or target detection is using the 

contrast between a target and a background feature.  
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The limitation with the common definition of contrast or “Weber’s” contrast [1] is that this definition uses only one band 

out of all possible band combinations provided by a hyperspectral imaging system. 

A definition of a multiple wavelength contrast, using nearly all possible band combinations in hyperspectral imagery, is 

presented and used in order to “optimally” determine the spectral bands or regions using a newly developed opto

mechanical pushbroom imaging or scanning methodology. 

In addition a modified version of the inflection (defined here as a numerical approximation for the second derivative of 

the reflection spectrum) is also used in order to enhance the variations in the reflectance spectra as well as in the contras

spectra obtained from the monitoring platform in order select optimal bands for developing science based remote sensing 

algorithms[2].  

The performances of the optimally selected bands in terms of target detection will also be assessed and compared to the 

results of the matched filter applied on the same scene.

The new method to collect hyperspectral images of a littoral zone is presented. This mechanical technique, described in 

section 2, requires a correction for the movement of the sensor during the acquisition 

platform is utilized.  

 

2. ACQUISITION OF THE H

In order to better discriminate the presence of weathered oil in the littoral zone, a new and novel technique, developed 

for collecting HSI imagery using a pushbroom sensor mounted on a small vessel (anchored or underway) or moving 

platform was used [3]. This technique was developed at the Marine and Environmental Optics Lab 

and research purposes. The sensor can also be mounted on a fixed platform or tripod placed directly in the water near the 

shore. In this case, similarly to the anchored vessel, the pushbroom sensor is placed on a rotation stage attached to a 

tripod. The opto-mechanical setup is illustrated in Figure 1. As illustrated in Figure 2, the rotation of the 

sensor during the acquisition of the HSI is used to “swee

investigated littoral zone.  

Figure 1: Schematic of the setup used to acquire hyperspectral image

at two points. The mount is placed on a 360° rotation stage in order to sweep the shoreline of interest to produce the image as 

illustrated in Figure 2. Note that the same setup can be used with the tripod placed in the water as a fixed platform.

The limitation with the common definition of contrast or “Weber’s” contrast [1] is that this definition uses only one band 

out of all possible band combinations provided by a hyperspectral imaging system.  
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obtained from the monitoring platform in order select optimal bands for developing science based remote sensing 
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YPERSPECTRAL IMAGERY  

In order to better discriminate the presence of weathered oil in the littoral zone, a new and novel technique, developed 

for collecting HSI imagery using a pushbroom sensor mounted on a small vessel (anchored or underway) or moving 

his technique was developed at the Marine and Environmental Optics Lab at FIT for monitoring 

and research purposes. The sensor can also be mounted on a fixed platform or tripod placed directly in the water near the 

hored vessel, the pushbroom sensor is placed on a rotation stage attached to a 

mechanical setup is illustrated in Figure 1. As illustrated in Figure 2, the rotation of the pushbroom 

create a two dimensional image of the 

using a pushbroom sensor mounted on a small vessel anchored 

aced on a 360° rotation stage in order to sweep the shoreline of interest to produce the image as 

illustrated in Figure 2. Note that the same setup can be used with the tripod placed in the water as a fixed platform. 
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The resulting HSI imagery produces pixel sizes on the order of several mm to cm scales, depending upon the distance 

between the sensor to the shoreline and the field of view of the lens. The purpose of collecting this type of imagery is to 

(a) reduce atmospheric influences and (b) minimize the influence of the “mixed pixel” and “adjacency effects” in the 

selection of spectral regions for detection of weathered oil in this application of the opto-mechanical monitoring 

technique.  

 

 

Figure 2: The HSI imaging system is placed upon a small vessel or a fixed platform (tripod) in shallow water types within viewing 

distance of a shoreline. The sensor sweeps the shoreline and the pushbroom sensor produces a hyperspectral image cube of the 

shoreline. Note that the sensor can also be placed on a small vessel anchored at two points; in this case, the imagery needs to be 

geometrically corrected, as the  mobile platform could be moving. 

 

For this application, the vessel is anchored at the bow and stern and perpendicular to the water waves in order to 

minimize the effects of surface small gravity waves and the pushbroom hyperspectral sensor is placed on a rotation stage 

in order to sweep, or image, a shoreline. 

The data that is collected using this method needs to be corrected for the parasitic movement of the vessel during the 

acquisition of the image. It is assumed that the platform pitch motion is the dominant motion affecting the imagery in the 

case shown below. An inertial motion unit (IMU) is “strap down” mounted to the imaging system in order to provide 

platform motion data. 

 

3. PLATFORM PITCHING MOVEMENT CORRECTION 

3.1 Problem statement  

As previously explained, the problem with the acquisition of HS imagery using a pushbroom sensor is that the platform 

on which the sensor is placed moves while the sensor sweeps the littoral zone of interest.  

To obtain the information about the platform and sensor orientation and position changes, a 100 Hz inertial measurement 

unit (IMU) was utilized and strapped-down to the hyperspectral camera along the axis of the field of view.  

The HSI system collects lines at a rate of ~25 Hz to 90Hz. Before performing any correction, it is thus important to 

resample the IMU data (down-sampling) in order to keep only the record of the position of the camera at the moment 

that is the nearest to the moment each scan line is collected. This is accomplished using existing custom software [3] that 

records the time reference for both the hyperspectral imager and the IMU. After, the IMU data is transformed and 

converted to an ASCII data file, the orientation in the three angles (yaw, pitch, roll) of the sensor is determined. The 

influence of the pitching motion of the boat during the acquisition of the image is represented in the Figure 3. 
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A small pitch angle change between the acquisitions of two successive scan lines by the hyperspectral camera will result 

in a “pixel shift” between the two scan lines. The camera itself has no notion of this movement and the scan line is just 

positioned next to the others as if all lines have been collected with a perfectly horizontal sensor, each line is thus just 

placed next to the previous scan line. Thus, scan lines will need to be shifted in order to correct an image for sensor 

platform motion.  

 
Figure 3: Effect of the pitch angle on the acquisition of one line. In black is the line that would have been collected if there was no 

pitch angle; the dotted line is the line that is collected in practice. The deviation between the lines is due to the motion of the moving 

platform. 

 
Figure 4 is a false color RGB image representation of an actual HS image collected with the  pushbroom sensor 

developed at FIT, and  placed on a rotation stage and a small vessel anchored at two points. In this figure, the effect of 

the movement of the vessel is clearly visible in the right part of the image. 

 
Figure 4: False color representation (red: 683 nm - green: 529nm - blue: 487 nm) of an uncorrected HSI acquired with a pushbroom 

sensor mounted on a small vessel (collected April 23, 2011 by Bostater and Levaux on the Banana River, Florida, USA). 

 

3.2 Pitching movement estimation 

In the approximation of an imaged scene that is located on a hemisphere centered at the camera, and knowing the field of 

view of the sensor (here ~39°) and the number of pixels in a scan line (1376 pixels/line), it is possible to directly 

estimate the pixel shift using the pitch angle as follows: 

 

1376
35.28 / deg

[ ] 39

Pixel shift
pixels

Angle
= =

°
 (3.2) 

Thus, if there is a difference of 1° between two successive pushbroom scanlines, the corresponding shift in pixels would 

be 35.28 pixels.  
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This type of correction could be either positive or negative depending on the pitch angle of the platform. Since no data 

regarding the distance between the shoreline and the imager system (for each collect line) was available, this estimation 

was made. A ranging laser could be used to improve distance estimations. 

 

3.3 Correction 

The HSI presented in Figure 4 above was corrected using the pixel shift estimation presented in section 2.2. In the 

present case, the shift is accomplished using an integer number of pixels. The approach used for correction outputs an 

image that is larger than the original image which explains the black area at the top and bottom of the corrected image 

presented in Figure 5.  

 

 
Figure 5: Image corrected for the pitching motion of the vessel. The correction is implemented by estimating the line shift based on 

the pitch angle from the resampled IMU data. This is thus only an estimation of the geometric correction of the scene. 

On the right side of the image (Figure 5), the correction gives a good result but occasionally the correction and/or the 

movement estimation is not sufficient to remove all motion effects of the vessel. 

In order to improve the result, the distance between the sensor and each scan line could be used in order to derive a 

better approximation of the pixel shift based on the pitch angle. This information was not available in this sample image 

cube.  

Another solution to improve the result would be to take into account the distortions due to the other parasitic movements 

of the sensor but those distortions are less important in this example. 

4. BAND SELECTION 

Hyperspectral images offers unique benefits due to the amount of information contained in the many narrow bands of the 

hyperspectral data cube. However, for some small onboard real-time applications, the large amount of data and the 

processing of such an amount of data cannot be performed on-board. One is thus typically interested in selecting only 

certain bands for rapid analysis. However, if preselected optimal bands can be used to develop science based remote 

sensing algorithms of features based upon imaging spectroscopy [7], a real time detection or monitoring and surveillance 

technique is readily feasible. 

In general, the band selection is accomplished in order to optimize the bands used in order to condense as much 

information as possible with the goal to utilize only a few, but optimized, hyperspectral channels or bands.  In this way, 

the resulting set of bands that are utilized have the maximum uncorrelated spectral information[4,7,8] that can be used 

for detection purposes 

In this research however, the aim is to  select bands based on feature or target discrimination for an application in 

environmental monitoring and  surveillance. The band selection is, in this case, based on target-to-background contrast. 

The approach begins by using the definition of the Weber contrast [1] applied to the bi-directional reflectance 

distribution function or BRDF (as defined in [5] – see section 4.1) and then generalized in order to introduce a multiple 

wavelength contrast algorithmic approach.  
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A limitation with the Weber contrast is that one typically uses only one band, thus neglecting the “optimum” spectral 

information in a hyperspectral image cube. In this research another definition of contrast will also be used to make better 

use of the multiple hyperspectral bands [6, 2]. 

A numerical approximation of the second derivative is then also applied in order to enhance the absorption or 

backscattering features in the BRDF spectra of the target(s) and background(s) and used to select optimal bands [7, 8]. 

 

 

4.1 Bi-Directional Reflectance Distribution Function (BRDF) 

 

The bi-directional reflectance distribution function (BRDF’s) will be used in this research as the basic signal upon which 

the different contrast algorithms are calculated. 

 

Figure 6: Illumination and viewing geometry defined for calculation of the BRDF signatures, where 
i

θ  is the incident solar zenith 

angle of the sun, 0θ  is the sensor zenith angle, 
i

φ  is the solar azimuth angle from the north and 0φ  is the sensor azimuth angle as 

indicated above. 

 

The BRDF as it is used in this research is defined as follows: 

 

 

0 0
0 0

( , , )
BRDF ( , , , , ) ,

( , , )

k
i i k

p i i k

dL

dL

θ φ λ
θ φ θ φ λ

θ φ λ
=  (4.1) 

where:  

0 0( , , )kdL θ φ λ
 

= reflected radiance per unit solid angle, 

( , , )p i i kdL θ φ λ
 

= radiance of a gray diffuse reflectance panel used to estimate the downwelling irradiance, 

( ),,  i iθ φ   = incoming light direction in spherical coordinates,  

( )0 0,  θ φ   = outgoing reflected direction in spherical coordinates,  

kλ  = central wavelength of the FWHH (Full Width Half Height) spectral band. 

 

In this paper, only the wavelength dependence of the BRDF will be taken into account, since the imagery is collected 

within a few seconds, thus other parameters have less importance in term of band selection. All other parameters will be 

considered as constant and will thus be abbreviated: 
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The BRDF reflectance spectra used in this research are directly selected from the hyperspectral imagery using user 

selected pixels (supervised classification). 

 

The hyperspectral image used to test and demonstrate the algorithms presented in this article (Figure 7) is a 

hyperspectral image (130 bands) of a shoreline that 

“Deepwater Horizon” oil spill that occurred from April 20 to July 15, 2010.

This particular HSI was selected because the presence of weathered oil at 

example for applying the techniques to detect littoral zone features for environmental monitoring and surveillance 

purposes.  

Figure 7: Composite RGB representation of the hyperspectral image corrected for vessel 

rotation stage and the vessel pitch motion results in a vertical “pitch motion” that was corrected (HSI collected by Bostater

February, 23, 2011 in Barataria Bay, LA, USA).

 

In this case, the selected spectra consisted of averaging of a 5x5 spatial area spectra for different features or targets (from 

the hyperspectral image). Then ~20 of those 5x5 “averaging windows” were used to calculate the mean spectrum for 

each feature. The features were (a) weathered oil, (b)

weathered oil and mud and are presented in Figure 8.

Figure 8: Example reflectance (y-axis) spectral signature of image features (of the HSI presented in Figure 7) for, from upper left to 

lower right: weathered oil, weathered oil-mud mixture, sand, vegetation and water. Each spectrum is an average of the spectra of ~20 

pixels (measures with an average window of 5x5 pixels). 

 

BRDF ( )kλ  

tra used in this research are directly selected from the hyperspectral imagery using user 

(supervised classification).  

The hyperspectral image used to test and demonstrate the algorithms presented in this article (Figure 7) is a 

tral image (130 bands) of a shoreline that was impacted by weathered oil in the Gulf of Mexico during the 

“Deepwater Horizon” oil spill that occurred from April 20 to July 15, 2010. 

This particular HSI was selected because the presence of weathered oil at the land water interface is an excellent 

example for applying the techniques to detect littoral zone features for environmental monitoring and surveillance 

 
Figure 7: Composite RGB representation of the hyperspectral image corrected for vessel motion. The image was collected using a 

rotation stage and the vessel pitch motion results in a vertical “pitch motion” that was corrected (HSI collected by Bostater

February, 23, 2011 in Barataria Bay, LA, USA). 

isted of averaging of a 5x5 spatial area spectra for different features or targets (from 

the hyperspectral image). Then ~20 of those 5x5 “averaging windows” were used to calculate the mean spectrum for 

each feature. The features were (a) weathered oil, (b) turbid water, (c) vegetation, (d) sand and (e) a mixture of 

weathered oil and mud and are presented in Figure 8. 

axis) spectral signature of image features (of the HSI presented in Figure 7) for, from upper left to 

mud mixture, sand, vegetation and water. Each spectrum is an average of the spectra of ~20 

pixels (measures with an average window of 5x5 pixels).  
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4.2 Contrast 

 

Contrast is used and expressed in a variety of different ways. In a single-channel scene, the “contrast” is commonly 

defined using the maximum and minimum reflectance. 

A common definition of contrast is due to ‘Weber’  [1], where contrast is defined between a single target (t) and a 

uniform background (b). This definition can be applied to multiple wavelength reflectance spectra. When applied to the 

BRDF spectra above, this definition takes the following form: 

 

 
( ) ( )

( )
( )

t k b k

t k

b k

BRDF BRDF
C

BRDF

λ λ
λ

λ

−
=

 

(4.3) 

where:  

( )t kC λ  = the contrast for the band centered around kλ , 

bBRDF
 

= Bi-directional reflectance distribution function of the background, 

tBRDF  = Bi-directional reflectance distribution function of the target. 

 

Using this definition of the contrast, one value is obtained in each band λk, k=1 to 130. All combinations of the pairs of 

channels produce contrast reflectance spectrums that can be used to select the optimum band for the contrast using the 

maximum value of the contrast. 

 

4.3 Inflection 

 

Absorption and backscattering features of target(s) or backgrounds(s) are linked to their  physical composition. An 

approximation of the second derivative (here defined as the inflection), is used in order to better discriminate variations 

in order to select spectral regions where the target(s) and the background(s) have different absorption or backscattering  

features. Also, the derivative approximation definition can be viewed ass a nonlinear translating and dilating filter [7].  

This approximation is applied in order to enhance variations in the contrast spectrum (in this case only a concave-up 

behavior is wanted which leads to a local maximum in the contrast). The inflection as described in previous papers is 

given by [7]: 

 

      
( )

( ) ( )

2

, ,( )
k

k m n

k m k n

BRDF
I

BRDF BRDF

λ
λ

λ λ+ −

=  (4.4) 

where m and n are respectively defined as a dilating wavelet filter forward and backward operators [6]. 

 

A practical limitation encountered using this definition is that there is a difference in scale between a concave-up and a 

concave-down behavior. Consider the following example: 
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Figure 9: Example of a concave-up (absorption feature) 

concavity. 

 

In the concave-down, the result of the inflect

value of the inflection will be 0.25. 

Now, in order to  give equal weight to both absorption and backscattering features, a modified definition of the inflection 

is used [2]; [3]: 

  
*

, ,( )k m nI λ

Where 
*I is a new definition of the inflection and 

the above example, the values of the inflection 

For each different channel k, only the value for 

taken into account.  

The maximum value that those operators can take is been defined based on the 

backscattering) in the spectrum. 

Figure 10 gives an example of the inflection applied to the reflectance of turbid water (see Figure 8). In this figure, one 

can see that the inflection will enhance the variations in the spectrum with a hig

features (concave-down) and a high negative value for absorption feature (concave

the inflection in order to automate the optimal selection of all possible combinations using a dilat

filter. 

Figure 10: Inflection and scaled reflectance for turbid water (see Figure 8). In this figure, one can see that the inflection

reflectance spectrum enhances the variations in this spectrum and takes high positive

negative values for absorption features that are present in the reflectance spectrum. The discontinuities in the inflection s

only due to the choice of the definition of the latter (which can only hav
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is a new definition of the inflection and I is the inflection as defined in (4.4). Using this definition applied on 

the above example, the values of the inflection will be will be 4 and -4. 

, only the value for m and n leading to the optimum (maximal) value of the inflection is 

The maximum value that those operators can take is been defined based on the height of a pea

Figure 10 gives an example of the inflection applied to the reflectance of turbid water (see Figure 8). In this figure, one 

can see that the inflection will enhance the variations in the spectrum with a high positive value for backscattering 

down) and a high negative value for absorption feature (concave-up). This is the desired behavior for 

ate the optimal selection of all possible combinations using a dilat

 
Figure 10: Inflection and scaled reflectance for turbid water (see Figure 8). In this figure, one can see that the inflection

reflectance spectrum enhances the variations in this spectrum and takes high positive values for backscattering features and high 

negative values for absorption features that are present in the reflectance spectrum. The discontinuities in the inflection s

only due to the choice of the definition of the latter (which can only have values greater than 1 or smaller than 

with the same magnitude of 

up (with the same concavity) the 

give equal weight to both absorption and backscattering features, a modified definition of the inflection 

(4.5) 

. Using this definition applied on 

value of the inflection is 

of a peak (absorption or 

Figure 10 gives an example of the inflection applied to the reflectance of turbid water (see Figure 8). In this figure, one 

h positive value for backscattering 

up). This is the desired behavior for 

ate the optimal selection of all possible combinations using a dilating and translating 

Figure 10: Inflection and scaled reflectance for turbid water (see Figure 8). In this figure, one can see that the inflection applied on the 

values for backscattering features and high 

negative values for absorption features that are present in the reflectance spectrum. The discontinuities in the inflection spectrum are 

e values greater than 1 or smaller than -1). 
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4.4 Band selection criteria 

 

In order to select the band, different criteria have been developed [2]. The first obvious band to select is the band that is 

optimum for the single channel Weber’s contrast using the definition of contrast given in Section (4.2). The result of 

maximizing this contrast allows the selection of a single band in which the difference in reflectance between the target 

and the background is optimal. 

A second criterion for the selection is the optimization of the inflection (as defined in Section (4.3)) of the contrast 

spectra. In this case, only a concave-down behavior is wanted. This will lead to select a band that provides a local 

maximum for the reflectance. In other words, the contrast in this band is better than the contrast in the bands just next to 

it.  

A third criterion is the maximum value of the contrast of the inflection spectra. In this case, the “contrast” is in fact just a 

difference. The optimum value is thus the band in which the maximum inflection of the target(s) and the background(s) 

have different values and leads to selecting a band where those target(s) and background(s) have a different physical 

behavior.  

The three bands that are selected based on these criteria can then be represented in a false-color RGB representation of a 

hyperspectral image. An example is given in the Figure 11. The selection was made using  multiple targets and multiple 

backgrounds within the scene. 

 

 
Figure 11: False color representation of the scene. The red channel is the maximal value of Weber’s contrast (679nm), 

the green channel is the optimal value for the contrast of the inflection (628nm) and the blue channel is the maximal 

value of the inflection of the contrast (496nm). This represents the use of displaying 3 different optimal band results in 

one RGB image representation 

 

In this figure, one can see that the difference in color between the weathered oil and the other features is such that the 

detection of the weathered oil layer on the shoreline readily stands out. 

The last criterion that was used is a criterion that selects two bands instead of just one. It is based on the “multiple 

wavelength contrast”. A drawback to the general definition of the contrast (Weber’s contrast) is that it only uses one 

band out of all possible combinations within a hyperspectral image. Another definition of the contrast is thus used:  

 

( ) ( )
( ),( )

t k b m

t k m

b m

BRDF BRDF
C

BRDF

λ λ
λ

λ

−
=  (4.6) 

This definition is similar to Weber’s definition (equation (4.3)) but in this case, the band of  the target and the band of 

the background are different. The result of the optimization will thus be two different bands (one for the target and one 

for the background).  

Note that equation (4.6) can be re-arranged as follows: 
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From this equation one can thus see that this 

for the band ratio can be represented in Figure 12 as a grayscale image

 

Figure 12: Optimal band ratio for the multiple backgrounds and multiple targets case.

 

The visual result in Figure 12 is not as “visually” 

between the weathered oil and turbid water that both appear in a dark gray, however the result forms the basis for 

optimized imaging spectroscopy algorithm development

 

5. PERFORMANCES ASSESSMENT OF THE BA

 
Using the contrast based band selection as it was described in section 4, only a few bands 

maximize the contrast between the weathered oil and the background in th

numerically asses the performances of the resulting false color image in term of target detection.

One methodology would be to compare the results in terms of weathered oil detection of the matched filter and using the 

band selection (in this latter the area of the weathered oil was determined by hand) to the "real" area of weathered oil on 

a part of the scene. 

 
5.1 Image and area of reference  

As no chemical analysis or measure was made 

the oil, this area was determined manually by creating a mask on the image.

In order not to be influenced by one or another band of the 

simulated "multispectral" image was created. A spectral down

(already presented in section 4)  was implemented in order to match the 

green and blue channels of AGFA ASP 400 X PE1 color negative film

imagery.  
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From this equation one can thus see that this multiple-wavelength contrast is in fact a band ratio -

for the band ratio can be represented in Figure 12 as a grayscale image as shown below.  

 
Optimal band ratio for the multiple backgrounds and multiple targets case. 

“visually” good as the RGB representation (Figure 10) due to very similar values 

between the weathered oil and turbid water that both appear in a dark gray, however the result forms the basis for 

ctroscopy algorithm developments. 

ASSESSMENT OF THE BAND SELECTION IN TERM

TARGET DETECTION 

Using the contrast based band selection as it was described in section 4, only a few bands can be 

maximize the contrast between the weathered oil and the background in this example. It is however 

the resulting false color image in term of target detection. 

the results in terms of weathered oil detection of the matched filter and using the 

band selection (in this latter the area of the weathered oil was determined by hand) to the "real" area of weathered oil on 

measure was made in-situ in order to determine the area of the scene that was impacted by 

the oil, this area was determined manually by creating a mask on the image. 

In order not to be influenced by one or another band of the HSI in the determination of the "weathered oil area", a 

was created. A spectral down-sampling of the numerous narrow bands of

section 4)  was implemented in order to match the normalized spectral response curve for the red 

ASP 400 X PE1 color negative film (as shown in figure13) that is used in airborne 

(4.7) 

-1. The optimum value 

good as the RGB representation (Figure 10) due to very similar values 

between the weathered oil and turbid water that both appear in a dark gray, however the result forms the basis for 

ND SELECTION IN TERMS OF 

can be retained -  bands that 

. It is however useful  to 

the results in terms of weathered oil detection of the matched filter and using the 

band selection (in this latter the area of the weathered oil was determined by hand) to the "real" area of weathered oil on 

the scene that was impacted by 

e "weathered oil area", a 

sampling of the numerous narrow bands of the HSI 

l response curve for the red 

that is used in airborne 
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Figure 13: Normalized spectral response curve for the red green and blue channels of AGFA ASP 400 X PE1 color negative film. 

These values will be used in order to create a simulated 3 bands MS image. 

 

The resulting multispectral image is shown in figure 14. This image will be used as reference image in order to 

determine the area of the scene that is actually impacted by the weathered oil. 

For this paper, only a small portion of the image was used for the comparison. In this small part of the scene (containing 

mainly oil), a mask was created using a polygon that delimits the area of weathered oil in the image. The part of the 

scene that was used and the mask are presented in the figure 15. 

 

Figure 14: simulated 3-bands multispectral image of the scene combining the numerous narrow bands of the original his in order to 

simulate the RGB bands in Figure 13. 

 

 

Figure 15: Part of the scene  used in this paper (left) and corresponding 'oil mask' (right). In this mask, the oil is represented in white 

and the background is in black. 
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5.2 Image created using the band selection and corresponding mask 

In this case, the image that will be used to assess the performance of the band selection is the image already presented in 

Figure 11. It is a false color representation of the scene. The red channel is the maximal value of Weber’s contrast (679 

nm), the green channel is the optimal value for the contrast of the inflection (628 nm) and the blue channel is the 

maximal value of the inflection of the contrast (496 nm).  

In this image, the same part of the scene was selected and a mask was created using the same methodology. These 

images are presented in Figure 16 below. 

 

Figure 16: Corresponding part of the scene using the 3 optimally selected bands (679nm, 628nm and 496nm) on the left and the 

corresponding 'oil mask' on the right. 

 

5.3 Weathered oil detection using an adaptive matched filter and corresponding mask 

In order to assess the results of the weathered oil detection using the contrast-based selected bands, the results will be 

compared to a well known method for target detection, namely the adaptive matched filter (which is optimal in the 

Bayes or Neyman-Pearson sense) [9].  

In order to apply the filter, the mean vector and the common covariance matrix of the target and of the background 

distributions are calculated. In this case, the available data was used to determine the maximum likelihood estimates. 

Large areas of weathered oil were used to determine the target spectral signature (mean signature) and large areas of the 

rest of the scene were used to determine the background estimates.  

These estimates were computed using the following equations:  

 �̂� ≅
�

�
∑ �	
��
��  (5.1) 

 ��� ≅ 	∑ ��	
� −	 �̂���	
� −	 �̂���
��  (5.2) 

where:  �̂� = the mean vector estimates of the background; 

 N =  the total number pixels used in the image; 

 x(n) = the spectral signature of one background pixel; 

 ���  = the common covariance matrix estimates of the background. 

 

Using �� for the target spectral distribution, the resulting adaptive matched filter (under certain hypotheses -see [9]) is 

given by: 

  (5.3) 

 

The result applied on the present image is given in figure 17. In this figure, the values in the scene are between 0 (no 

target present) and 1 (target present). 
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Figure 17: Result of the adaptive matched filter applied on the scene considering the oil as the targets. The higher values represent a 

higher probability of weathered oil being present in the littoral zone. 

 

In this case, the same area was selected and a threshold was applied in order to create the mask. In this case the values of 

the threshold is 0.8. All the pixels with a value greater than 0.8 are considered as oil pixels and are set in white and the 

other pixels are set to black. The result is presented in the figure 18. 

 

Figure 18: Corresponding part of the scene in the matched filter and corresponding mask created by applying a threshold to the values 

given by the filter. 

 

The problem in this case is that we can see "background" pixels in the "oil" area and vice versa. When the area was manually selected, 

it was implicitly considered that the oil area was a continuous area and that no background pixels were present in this area and thus 

the pixels were removed in order to have a continuous area in order not to cause a bias or disadvantage in use of the matched filter. 

 

5.4 Comparison between the masks 

Now that one has a the mask corresponding to the optimal Weber band selected image and to the matched filter result, it 

is possible to compare the two  masks and to determine number of pixels in the different categories: detection, correct 

rejection, missed detection and false alarm. 

The correct detection is when the target is present in reality and also in the considered mask (selected bands or matched 

filter). A missed detection happens when the target is present in reality but not in the considered mask. A correct 

rejection is when a pixel is not a target and is not in the considered mask and finally, the false alarm is when the pixel is 

considered as a target in the mask but isn't a target pixel in reality. 

The results are visually presented given in the figure 19 and numerically presented below  in Table 1. 
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Figure 19 : Visual representations of the performances of the use of the contrast based selected bands for oil detection (left) and the 

matched filter (right). In these representations, the white pixels correspond to missed detections, the light grey areas correspond to 

correct detection , the dark grey pixels correspond to correct rejections and the black pixels correspond to false alarms. As expected, , 

most of the errors occur within the thin shoreline margin -or boundary between the weathered oil and the image background. Keep in 

mind, these results are based upon the optimally selected Weber contrast results. 

 

 Weber contrast based band selection mask 
Matched filter with threshold (0.8) and isolated 

pixels removed 

Correct detection (hit)  50.2%  51.6% 

Missed detection (miss)    3.6%  2.3% 

Correct rejection  44.2%  41.6% 

False alarm  2.0%  4.5% 

Table 1 : Numerical results of the performances of the use of contrast based band selection for the detection of the weathered oil (left) 

and using the matched filter (right). Note that 53.8% of the considered area was determined to have weathered oil at the land-water 

margin The two methods give similar results. Additional imagery would be required to determine if a significant difference exists 

between the “mask” test procedures. 

 

5.5 Discussion 

Both the matched filter and the contrast based band selection give quite good results in term of oil detection (low 

percentage of error whether missed detection or false alarm). In this example, the matched filter gave slightly better 

results in term of correct detection but had a lower percentage of missed detection pixels, but slightly a higher 

percentage of false alarm pixels and a lower result in term of correct rejection. In general, more pixels were considered 

as oil with the matched filter (hence higher correct detection and false alarm percentage) while more pixels were rejected 

using the contrast based band selection image (hence a higher correct rejection but also missed detection percentage). 

Note also that the matched filter could also use all the bands (similar to the contrast based approach) of the HSI but only 

needs a threshold to determine the mask while in the selected bands, only 3 optimally determined bands are needed. One 

also needs to manually select the oil area in the scene using the matched filter. The optimal contrast methodology does 

not require this manual selection because the method uses “optimally selected bands” based upon absorption and 

backscatter features in the reflectance signatures. For this latter it is however necessary to create the mask of the oil 

region "by hand" while it can be done using a threshold for the matched filter. 

6. CONCLUSIONS  

Hyperspectral images offer unique benefits in terms of target detection due the information contained within the many 

narrow bands present in a hyperspectral data cube.  

A new and novel method for collecting hyperspectral imagery using a pushbroom sensor placed on a small vessel was 

presented and used to acquire hyperspectral images of a shoreline. The advantages of this technique were that the 

resulting HS imagery produces pixel sizes on the order of several mm to cm scales, it reduces the atmospheric influences 

and finally, it minimizes the influence of the “mixed pixel effects” in development in science based remote sensing 

algorithms.  

This technique needs a correction for the movement of the vessel during the acquisition of images, similar to other 

pushbroom imagery collected from a moving platform. In this case only the influence of the pitching motion of the 

vessel was corrected. The pitching motion induces most of the deformations in the images and the correction presented 
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in this article is easy and rapid to compute using an inertial measurement unit (IMU). Thus it may be used for real-time 

monitoring or surveillance of littoral zones. 

In order to optimize target detection and discrimination within the hyperspectral images of the shorelines and littoral 

zones, bands were selected (out of the many bands of the hyperspectral image) based on different contrast algorithm 

using multiple bands or channels in an image. 

In terms of oil detection, the band selections give  results comparable  to the adaptive matched filter applied on the same 

area of the scene but l necessitate the intervention of a human being to determine the area where the oil is in the scene if 

no known “weathered oil signature” is confirmed through chemical assay procedures. Actual weathered oil spectra in 

different land-water margin soils and waters has not been a subject of research and is needed in order to improve remote 

sensing of weathered oil in the littoral zone – particularly in wetland dominated land-water margins. 
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