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INTRODUCTION 

 

Image spectroscopy is the practice 

that collects images with a sensor that 

measures the energy that reaches each 

element of spatial resolution in the image. 

It is based on molecular absorption and 

reflectance characteristics from the 

different materials. This new tool is used 

to map specific material by detecting 

specific chemical bonds, thus, making it 

an excellent tool for environmental 

assessments, mineral mapping and 

exploration, classification of vegetation 

communities and species, health studies 

and land management (Fig.1) (usgs.com).  

 

 
Fig 1. Image spectroscopy 

concept. 

(http://www.eoc.csiro.au/hswww/HS_con

cept3.jpg) 

ABSTRACT.- Using images of the Airborne Visible Infrared Imaging Spectrometer (AVIRIS) 

instrument it is possible to analyze the spectral bands to produce a land use and land cover map of 

the north coast of Puerto Rico. Using various steps of preprocessing including two different types of 

atmospheric correction a Region of Interest map was created to submit the image to supervised and 

unsupervised classification. Results showed that a supervised classification using maximum 

likelihood is the most successful way to categorize the area of study into the desired categories. 

However not one method was error free as some confused various parameters. It was also shown 

that the dark subtract method of atmospheric correction is better than QUick Atmospheric 

Correction. 
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According to NASA, an image 

spectrometer is an object designed to 

detect, measure and analyze the spectral 

content from the incident radiomagnetic 

radiation upon an object. An example of 

this instrument is the Airborne Visible 

Infrared Imaging Spectrometer (AVIRIS) 

sensor (Figs. 2 & 3). This sensor has 224 

bands and it is installed in the airborne 

platform ER-2; it has a spectral range 

between 400 – 2450 nm, a spatial 

resolution of 20 km and a swath width of 

10.5 km. Its spectral resolution is 1 nm 

and its spectral coverage is continuous 

(Hirano et al., 2003). 

Fig 2. Airborne platform ER-2. 
(http://aviris.jpl.nasa.gov/html/av_

swath_shadow.gif) 

 

 

 

 
Fig 3. AVIRIS Instrument. 

(http://www.eoportal.org/directory

/images/Aviris_At_Anchor0.jpeg) 

 

Clark et al. (2002) demonstrated 

the usefulness of AVIRIS in the 

identification of surface minerals for map 

development. Their study included acidic 

rocks drainage, vegetation species, better 

understanding of geologic processes such 

as fault detection, weathering, 

mineralization, hydrothermal alterations, 

etc. Figures 4 – 7 show their results. 

Other studies include Mars and Crowley 

(2003), who used AVIRIS to map mine 

waste dumps, wetlands vegetation, and 

other applications in southeastern Idaho; 

Schellberg et al. (2008) and Clevers 

(2009) who used image spectrometry in 

agricultural applications. Other possible 

http://aviris.jpl.nasa.gov/html/av_swath_shadow.gif
http://aviris.jpl.nasa.gov/html/av_swath_shadow.gif
http://www.eoportal.org/directory/images/Aviris_At_Anchor0.jpeg
http://www.eoportal.org/directory/images/Aviris_At_Anchor0.jpeg
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applications of AVIRIS include 

atmospheric studies, ecology, soils, water 

bodies, mining, etc. 

 
Fig 4. Cuprite, Nevada AVIRIS 

1995 data (after Clark et al., 2002). 

 

 
Fig 5. Agriculture distribution 

map from San Luis Valley, Colorado. 

(after Clark et al., 2002). 

 

 
Fig 6. Turquoise Lake water 

quality 1995 AVIRIS data (after Clark et 

al., 2002). 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 7. Snow and vegetation cover from 

the San Juan mountains, Colorado (after 

Clark et al., 2002). 

 

On August 19
th

, 2004, the ER-2 

from NASA Ames Research Center 

covered the area of Puerto Rico. The 

platform carried three sensors: the Wild 

Heerbrugg RC-10, AVIRIS and Cirrus 

Digital Camera System (DCS). Figures 8 

and 9 show the path of the aircraft. The 

aircraft started covering the north coast 

are of Puerto Rico at 14:40 and ended at 

14:56 (GMT time). 

 

 
Fig 8. Aircraft path mission 

(courtesy of Dr. Gilbes) 
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Fig 9. Checkpoints (courtesy of 

Dr. Gilbes) 

 
 
 

MATERIALS AND METHODS 

In order to properly analyze the 

images, certain steps in preprocessing 

were needed. The first of them was to 

create a subset of the main image (Fig. 

10) and to flip the generated image in 

order to focus our study in a specific 

region between Quebradillas and 

Arecibo (Fig. 11) or more specifically 

from the coordinates 66º 56’W to 66º 

37’W and from 18º 27’N to 18º 32’N.  

After the region of study is 

generated it is necessary to also create a 

spectral subset since the sensor AVIRIS 

is a hyperspectral one and for our study 

some of the bands generated by AVIRIS 

are useless.  

Fig 10. Original image taken by AVIRIS 
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The spectral subset is done by generating 

several z-spectrums (Fig 12) of various 

features in the image and eliminating the 

regions of high absorbency. 

 

 

 This step is crucial since the main 

purpose is to eliminate the lowest 

minimum band value that is useless in 

our study.  

 

 

 

However, as it will be seen later, 

even with doing a spectral subset, errors 

can occur. The next step in the pre-

processing is the atmospheric correction. 

Here the dark subtract method was used 

using the band minimum as the subtract 

method. The generated image was then 

compared to the original to see if the 

atmospheric correction worked. This is 

seen by comparing each digital value 

(DV) since the dark subtract DVs should 

be less than the original image DVs. The 

dark subtract image led to higher than 

supposed DVs therefore another method 

of atmospheric correction called QUick 

Atmospheric Correction (QUAC) was 

used until the pixel containing the error 

Fig 12. Spectral profiles of various features 

Fig 11. Region of Study of the north coast of Puerto Rico 
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in DV was found and fixed. In order to 

find the error containing pixel, an 

unsupervised classification was made as 

an attempt that ENVI would classify as a 

separate class altogether (figure not 

shown). Once the pixel was found, 

another spatial subset was made (Fig. 

13). 

     

     

     

     

     

     

     

   

Fig 13. Shows the region eliminated from the study in order to eliminate the pixels 

containing the error in Digital Value. 
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After the region of study was 

again spatially subset, it was submitted 

to another dark subtract atmospheric 

correction. Table 1 shows the 

comparison of DVs before and after the 

pixel was found. 

Once all of the pre-processing 

was finished in order to properly classify 

the image various regions of interest 

(ROI) were needed. The ROIs were  

 

 

 

chosen according to various 

features seen on the image. They were: 

highways, clouds, rivers, sand, ocean, 

vegetation, deforested areas, and urban 

areas. Figure 14 shows the ROIs selected 

for the region of study. After the ROI 

file was created, the next step was to 

proceed with the classification of the 

image. For this part,

Table 1. Comparison of Digital values of each method of atmospheric correction before 

and after the error containing pixel was found. 
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an unsupervised classification and a 

supervised classification was made to the 

image corrected by dark subtract and by 

QUick Atmospheric Correction in order 

to determine which atmospheric 

correction works best. For the 

unsupervised classification the methods 

used were K-means and Isodata and for 

the supervised classifications the 

methods used were the minimum 

distance and maximum likelihood. The 

numbers of classes used for the 

unsupervised and supervised 

classifications was eight and the 

numbers of iterations used for the 

supervised classification was three. 

 

 

 

RESULTS AND DISCUSSION 

 For unsupervised classifications, 

Isodata provided better classifications in 

urban areas and what we think were 

shallow water for the Dark Subtract 

atmospheric corrected image. It also 

identified clouds and their shadows in 

both atmospheric corrections (Figs. 15 & 

16). K-means unsupervised classification 

tried to identify the clouds as a separate 

class in the Dark Subtract atmospheric 

corrected image, but in general, its 

results are very similar to the Isodata 

classification (Figs. 17 & 18). 

  

Fig 14. ROI map created for the classifications 
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Fig 15. Unsupervised classification Isodata (quick atmospheric corrected image). 

 

 
Fig 16. Unsupervised classification Isodata (dark substract image). 

 

 
Fig 17. Unsupervised classification K-means (quick atmospheric corrected image). 

 
Fig 18. Unsupervised classification K-means (dark substract image). 
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 For supervised classifications, 

the quick atmospheric corrected image 

identified erroneously rivers as if they 

were ocean in the Minimum Distance 

classification; the rest of the 

classifications were identified correctly. 

As for Maximum Likelihood, all 

classifications were correct, but the dark 

substract image seemed to show what 

seemed to be shallow waters (Figs. 19 - 

22). When compared to bathymetry data, 

we observed that this class is not due to  

shallow water, but to roughness of water 

(Fig. 23). No Neural Net classification 

was possible due to the need of better 

processing capacity; we needed a faster 

computer. We understand that the 

problem is due to the high amount of 

spectral bands. Overall, we observed that 

amongst the two different atmospheric 

corrections, dark subtract allows to 

obtain better results. The best 

classification was the Maximum 

Likelihood classification. 
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Fig 19. Supervised classification Minimum Distance (quick atmospheric corrected 

image). 

 

 
Fig 20. Supervised classification Minimum Distance (dark substract image). 

 

 
Fig 21. Supervised classification Maximum Likelihood (quick atmospheric corrected 

image). 

 

 
Fig 22. Supervised classification Maximum Likelihood (dark substract).
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Fig 23. Bathymetric map of the area of study. 
(http://gis.otg.gobierno.pr/maptest/) 
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