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3. Abstract : 

 

The aim of this project is to explore the different Hyperspectral Imaging possibilities. A part 

of this task is going to be done through ERDAS IMAGINE software with its Spectral Analysis 

tools and algorithms. Because Hyperspectral images represent also a large amount of data 

we will also see how to prepare them for further analysis using preprocessing tools. 
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5. Introduction : 

 

Hyperspectral Imaging as well as Multispectral Imaging is a singular type of remote sensing. 

Both of them use the same characteristic: the reflectance of the Earth surface from the Solar 

radiation. 

In fact, when a solar radiation hit the Earth ground, it is more or less re-emitted, depending 

on the material or substance. This is the main point of spectral imaging. Because each 

material got its own reflectance, through the radiation spectrum, it will be possible to 

analyze, detect and map with spectral data sets what is the Earth ground made of. And 
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Spectral Imaging possibilities are endless, because only limited by the capabilities of the 

remote sensors. 

But where Hyperspectral differs from Multispectral is that Multispectral Imaging is already 

material based. In fact, Multispectral imaging as MODIS data sets only use the part of the 

spectrum that are related to the precise material needed for further analysis. It can be 

Vegetation (using chlorophyll spectrum); atmosphere variation; soils, using few possibilities 

is the research job have to be extend to different materials.  

 

Hyperspectral imaging  use all the radiation spectrum, without discrimination, including 

infrared, providing hundreds of different bands and offering huge possibilities in analysis. 

That way, a simple description of what is a Hyperspectral image could be a ‘stack’ of multiple 

images representing for each of these a part of the spectrum, sorted by wavelength.  

Obviously, Hyperspectral data sets are clearly huge, representing an important size and 

using lots of time of preprocessing and analysis. 

In this project, ERDAS IMAGINE software is going to be use to perform several analysis and 

classification processes. We will see how to prepare data sets by using preprocessing tools 

and how to perform these analyses.  

Regarding to the data used, they are provide mainly by the NASA and USGS, and came from 

two distinct sensors, Hyperion and AVIRIS. These sensors are both spectrometers. Hyperion 

is located on EO-1 (Earth Observing 1) satellite providing large scene images, and AVIRIS take 

place on an airplane, flying between 10,000 and 30,000 feet, making higher resolution 

images. 

This two sensors got their own use but in fact they’ve got globally the same characteristics : 

- AVIRIS : 224 bands from 250 to 2500 nanometers 

- Hyperion : 220 bands from 400 to 2500 nanometers 

The main difference is the spatial resolution, Hyperion produce 30*30 meters pixels, AVIRIS 

are generally 5*5 meters pixels and under. 

Due to the high range of wavelength used, Hyperspectral Imaging got also a huge range of 

application: agriculture, mining, environmental management, geology, urban mapping, oil 

spill study… It’s truly the great force of Hyperspectral: for one single data there is a lot of 

different possibilities.  
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6. Literature Review : 

 

6.1 About Hyperspectral Imaging : 

 

Since a couple of decade an increasing interest have been shown regards to remote sensing. 

This is due to multiple factors, including that many research in spectral optics have been 

done but also because of the progress of aeronautics and the use of satellites.  

An increase in demand for land survey, for military use as well as civil and scientific is also an 

answer of the increase and progress of the use of remote sensing technology. 

Spectral remote sensing begin in the early 1970’s, in 1972 precisely, when the Landsat 

Multispectral Scanner System (MSS) have been launched, with 4 spectral bands. This marks 

the beginning of the modern era of “land analysis from space” (Schowengerdt, 2006). 

Today many different technologies are employed offering a great range of performance, 

always enhanced within the years. The Hyperspectral Imaging comes from this next 

generation of remote sensing technology, presenting a high degree of performance and 

quality imaging.   

The global interest for spectral remote sensing, including both Hyperspectral and 

Multispectral came from the usage limits of panchromatic and monochromatic systems 

(Borengrasser et al., 2007). The fundamental principles of light, including reflectance and 

absorbance prove that the reflection of light on an object can determine of what material or 

substances it is made of. And this properties fit perfectly into the global idea of always know 

more what is around us. 

More recently the computing capabilities of computer have been multiplied by more than 

1000 in a decade, democratizing the access to faster computers. This is how Hyperspectral 

Imaging spread in many research fields. Because Hyperspectral image represent a wealth of 

data the possibilities for analysts to compute themselves their analysis increase this interest 

for the Hyperspectral. Following the AVIRIS project, the Hyperion sensor has been developed 

to produce satellite based Hyperspectral data sets. Launched in 2001 on Earth-Observing 1, 

this sensor has continued to produce very good hyperspectral data sets, even if it cannot be 

directly updated and improved. More recently we can notice the apparition of HYDICE 
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(Hyperspectral Digital Imagery Collection Experiment), used on airplane it produced high-

quality image with pixel-sized reduced.  

However more and more research organisms try to produce their own Hyperspectral sensors 

due to the high demand for the major one, increasing delays to get the sensors for its own 

use. It’s the case of many coastal monitoring agencies; we couldn’t fail to mention PHILLS, 

the Ocean Portable Hyperspectral Imager for Low-Light Spectroscopy (Davis et al., 2002) 

which is the first to use a digital CCD captor. 

 

6.2 Applications of Hyperspectral Imaging : 

 

Hyperspectral Imaging is only limited by the material depth and therefore can be used on 

any material that is on the Earth surface and not covered by any other materials. However, 

there is a couple of favored field of expertise where Hyperspectral Imaging produced 

recognized and high quality results: 

 

5.2.1 Agriculture and Forestry : 

 

This is one of the best examples of Hyperspectral use. The study of soils and agriculture 

possibilities is more and more the Remote Sensing business. There are several reasons to 

explain this. Without looking more deeply at this fact we can simply say that this is the part 

of Agriculture modernization where the farmer/producer gets less and less on the ground to 

monitor the status and progress of the crops (Nowatzky et al., 2004). 

There are different aspects of Hyperspectral work in Agriculture, one is the study of soils, 

used in other topics, and another is the crops monitoring. 

Crops monitoring in the idea of getting Remote Sensing information, almost in real time, of 

the crops conditions. This technique is quite common in North America where giant fields 

lies on areas that are country-sized.  

One of the huge advantages of Hyperspectral data on other remote sensing methods is its 

narrow bands. This property is useful to define the quantity and quality of chlorophyll which 

emit differently in function of the plant conditions. The detection of crops stress is therefore 

a good example and a common application of Hyperspectral remote sensing in Agriculture 

(Ray et al., 2010). Stressed samples (water stress, nutrient stress, light stress) of a precise 
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species have been analyzed in laboratory to provide spectral signature for each of the stress. 

After getting a nice and rich spectrum database it’s possible to see and define the crop 

conditions, including a lack of water or nutrients, generally with the help of airplane 

spectrophotometers.  

This method can be extended to different vegetation analysis where a precise data set of 

spectrum is needed. It’s the case of forest mapping, to define the type of a tree, using the 

different spectrum of chlorophyll (coniferous, deciduous…). 

Here is an example of results obtained with ENVI software and Hyperspectral data sets from 

airplane spectrophotometer (Darvishsefat et al., 2002). 

 

 

Fig 1.1a 

 

Fig 1.1b 

 

The figure 1.1a is an infrared air photo of a part of a forest. On this image it seems difficult to 

find what type of three it is. After analysis on ENVI and selected the forest area, based on 

pure spectrum of both deciduous and coniferous trees a map of trees type is produced (Fig 

1.1b). In green is pure deciduous, in violet pure coniferous. 

This type of job, forest mapping, is useful in both natural mapping and trees exploitation. It’s 
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crucial to have nice and pure spectrum and relatively close image from the ground, without 

atmospheric interference. 

The case of vegetation in Hyperspectral analysis seems to be difficult in general. Because a 

plant spectrum is permanently changed within the seasons, temperature and all the 

parameters that affects species, obtain a spectrum of species is, in general, not sufficient to 

get a nice and precise analysis. This is why, in most vegetation analysis, dozens of spectrum 

are used side by side. Most of them can be downloaded as libraries on internet for free. 

(Müller et al, 2007). 

 

5.2.2 Oceanography and coastal monitoring : 

 

The use of Hyperspectral data sets in oceanographic research is mostly used when samples 

of water can’t be directly taken in isolated areas. Another reason is that remote sensing 

permits to cover wide areas, by both satellites and airplanes, which is a good point when we 

know that major researches can be only done on a boat, sometimes limiting the width of a 

research zone.  

The main use of Hyperspectral remote sensing in oceanography is to characterize the water 

column or the substrate when in shallow water (inferior to 10 or 5 meters in general). 

(Vilaseca et al., 2006) 

This includes the quantity of phytoplankton (with chlorophyll spectrum again), presence of 

certain types of diatoms, organic detritus, mineral suspensoids… but also, and it’s exclusive 

to Hyperspectral imaging, the presence of pollutants.  

A main feature of oceanography optic is that some active sensors are used. The property of 

active sensors is that they produced their own energy to get reflectance for materials. In 

marine water UVs are mostly used due to their relative small absorbance by water. Indeed, 

when water is not so clear sunlight may be no sufficient to produce usable reflectance 

spectrum. Yet, the use of active sensors is currently limited to immersed sensors, on AUVs 

for example. 

For many years most of the ocean monitoring remote sensing was used with the help of 

Multispectral sensors. But the narrow bands and high precision of Hyperspectral make it 

more and more used, especially with the democratization of high-performance computers 

(Kohler and al., 2004). 
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This advantage can be shown firstly on spectrums: 

 

 

Fig 1.2 

 

On this figure we see that two types of water have been characterized spectrally with their 

reflectance by both Hyperspectral and Multispectral sensors. With the Multispectral sensor 

we see that it’s hardly possible to discriminate two reflectance. On the other hand we see 

that the spectrums produced by Hyperspectral sensors are clearly different. 

Obviously, this example doesn’t show Hyperspectral possibilities but only the lack of 

information of multispectral data sets. It can be for example different pigments peaks that 

permit to discriminate different plankton species, known as accessory peaks. It’s the case of 

a phytoplankton species Karenis Brevis which can’t be detected with multispectral imaging 

due to a lack of points on the absorption spectrum. However when analyzed 

“hyperspectrally” the accessory pigment Gyroxianthin-diester can be discriminated due to 

absorption peak between at 444 and 469 nm. (Örnólfsdóttir et al., 2003) 
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Fig 1.3 

 

This figure is typically used in laboratory. However it’s a good example of phytoplankton 

taxonomic group identification. On the Mie graph, produced after modeling data from ac9 

sensor with Mie theory, we see that the two absorption peaks are not clearly readable. 

Though, on the Hyperspectral graph we see that, even if not very clear, there are the two 

peaks (Craig et al., 2006). These algae are particularly responsible of the apparition of “red 

tide” during algal bloom in coastal environment. 

Concerning oil spills, Hyperspectral imagery is used for mapping oil contaminated areas, 

both on sea and land. Unlike simple airplane or satellite observation in true color, the 

observation in Hyperspectral permit to detect both pure oil and mixed water + oil, which is 

way more difficult to observe. Numerous AVIRIS flights have been done during the Gulf of 

Mexico Oil Spill in 2010 (up to 450). These flights have been made around the oil source, 

Deep Water Horizon, but also along hundreds kilometers of the coast line. 

The oil spectrum is well known with all its variations (Salem et al. 2005). Thus, the oil 

mapping is one of the more precise in all the fields of research of Hyperspectral, only limited 

by the pixels size. 
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Fig 1.4a 

 

Fig 1.4a shows an example of result possible to get with discrimination between pure oil and 

oiled water. We also see that in this case not only water but also wet areas are 

contaminated too. (Salem et al.) 

 

 

Fig 1.4b 

 

On this figure mixed spectrum are used to give the most dispersed oil-based materials on the 

map. This includes water, soils and wetlands. As well as Oceanography, the use of 

Hyperspectral data overcomes the lack of continuous bands of Multispectral sensors. This 

concern the soil types and atmospheric conditions, but it can be also the pollutant type or 

“fuel weight”, that can be given the cleanup crews. Indeed, certain types of oil must be 

cleaned in priority because affecting more ecosystems, this concern a difference between 

light fuel and crude oil, the last one damaging way more the coast and its species.  
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(Massin, 1998) 

Oil spill mapping requires a fast and operational deployment. This is why it’s mainly done 

firstly by airplane due to the atmospheric conditions necessary for a precise image with 

satellites. 

 

5.2.3 Geology and mineral research : 

 

The classic field geology use for recognition physical characteristics of the rocks such as 

mineralogy, weathering or geochemical signature. Obviously the use of spectrum for geology 

on the field is entirely exclusive to remote sensing.    

Mineral mapping and research is basically one of the best way to demonstrate easily and 

precisely the accuracy of Hyperspectral sensors. That was the first domain to be widely used 

by remote sensing. There is several reasons for this (Kruse, 2002) :  

- Minerals and rocks are not really affected by atmospheric conditions and therefore 

their spectrum stay always the same (more or less, but certainly more than any other 

materials), limiting the use of dozens of spectrum. 

- Most of the minerals spectrum range are between 0.4 and 2.5 µm, and specially 

between 2.0 and 2.5 µm for all sulfate, carbonate etc… And they fit perfectly into 

spectrometers capabilities. 

- There is such a high interest for large mineral assemblages for exploitation, and they 

are mainly difficult to find with ground research in desolate place such as desert.  

Moreover, some nice and clear minerals deposit such as Cuprite Hills in Nevada are used to 

define and calculate the accuracy of hyperspectral sensors.  

Two types of results can be produce through the analysis. The first is material mapping 

where we know that a mineral is present and in large quantity and we want to know where, 

the other is target detection when we want to know if that spectrum, and therefore a 

mineral, is present on the scene.  

As mentioned above only few spectrum samples are necessary to produce good results. 

However, and this applies for all types of research, a high importance must be observed for 

all preprocesses, including noise fraction and atmospheric correction. These steps will be 

presented in the Methodology part. For mineral mapping, they represent more than  the  

half of the time used for analysis which remain quite easy with the software (Kruse 2005).  
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Fig 1.5 

 

Figure 1.5 is an example of result obtained with ENVI. On the left is the original image in 

black and white, produced by Hyperion. On the left is the material mapping with most of the 

minerals present on the scene. This image has been shot on the Cuprite Hills. We can easily 

noticed that the accuracy is (depending also of the ground truth) very good. If these types of 

map have to be produced by other means it will take possibly a lot more time to do. 

For sure it will be difficult to obtain such a diversity of mineral with others scene but here we 

can imagine that everything can be mapped including roads, a forest or anything else, pixels 

by pixels. 

 

6.3  Conclusion of the review 

 

Many publications have been produced about hyperspectral imaging and its wide range of 

use. They all proved that within the three field of expertise presented. Obviously there is 

many others one. However they tend to always use the same data sets as Cuprite Hills for 

minerals and the Patuxent River for oil spill. This is why during the methodology with ERDAS 

most of the data used will be different.   
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7. Methodology 

 

7.1 The software 

 

 

 

ERDAS is a raster-based GIS software produced by Leica Geosystems. It is widely used for all 

raster analysis, mapping and geomatics. The hyperspectral dedicated part is the Spectral 

Analysis Workstation.  

The software provides a dozen of algorithms for both preprocessing and analysis. These 

algorithms are mainly derived from Multispectral tools but modified and adapted to 

Hyperspectral files. Other softwares for Hyperspectral analysis as ENVI use the same scheme 

of analysis including a distinct part for preprocessing and another part for analysis.  

Most of the tools consist of algorithms dedicated to spectral correlations. This is why 

preprocessing tools are so important. They are used to prepare the hyperspectral images for 

analysis. In 99% of the case, if the preprocessing tools are not used beforehand, the results 

will be distorted or missing. 

In fact, ERDAS is based on the “Hyperspectral workflow” present also in a couple of others 

software. It consists of a succession of steps, the “tools” why correspond to a succession of 

algorithms. This workflow is necessary to get good and conclusive results. This workflow is 

quite similar for all of the research types that can exist. However it’s possible that certain 

tools have to go into detail for certain type of scene, it’s the case of marine images with 

atmospheric correction for example.  

It’s also important to notice that in the last version of ERDAS IMAGINE (9.3.2x) a special part 

is dedicated to Hyperspectral. It means that in additions to Spectral Analysis tools couples 

have been added. However, these new algorithms are quite complex to understand and 

coarse in their results because no parameters can be added after entering the image. 

Therefore these tools, which are not essential for a simple analysis, will not be presented 

through the project. 
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7.2  The data sets 

 

To present both ERDAS and Hyperspectral capabilities two types of data sets are going to be 

used. One is from Hyperion and the other from AVIRIS. Lots of data sets from these sensors 

are given freely by the NASA for AVIRIS and USGS for Hyperion on the internet. 

 

Hyperion  

 

Hyperion data sets can be downloaded from the GLOVIS (Global Visualization Viewer) portal 

on the following URL: http://glovis.usgs.gov  

 After selecting the good collection and the area of interest, available data sets display on 

the map. It’s also possible to enter coordinates. 

Unfortunately few data sets of UK and Europe are downloadable, whereas on the US 

coastline plenty are available.  

 

 

Fig 2.1 

http://glovis.usgs.gov/
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This screenshot show the high-density of files available in Western California. This area is 

widely used because it represents a lot of different environments: large cities, coast, sea, 

pine forests, desert…  

Hyperion images represent thin stripes, due to the sensor method of capture. It’s preferable 

to use images that are not lengthy because its weight can be a handicap for all the 

preprocessing and analysis that will follow. An overweight image (it can be up to 8 Gb) 

doesn’t affect results but it’s increase the crash probabilities while compute. So if it’s 

possible to avoid very large files we must choose every option to make the analysis a 

success. It’s also the case of the CC (Cloud Cover) which can be entered as a selection factor 

on GLOVIS. Too many CC (up to 20%) will increase the time of preprocessing and decrease 

the analysis result quality. When possible always use images with no CC(=0%). 

There is 2 choices for the format output. HDR/HDF file, which is a unique stack of data and 

TIFF which is in reality a folder with 242 images (and so bands). With ERDAS it’s preferable to 

use the HDF format. Two reasons for this : ERDAS got a special importer for Hyperion files 

(HDR) and a HDF can be easily export as a IMAGINE image file (.img). It’s the better option to 

choose because it gain a lot of time. 

 

AVIRIS 

 

AVIRIS data sets can be downloaded from the JPL (Jet Propulsion Laboratory) portal on the 

the following URL : http://aviris.jpl.nasa.gov/alt_locator/ 

Unfortunately the data sets available concerned only the USA (including Hawaii). Moreover 

they are only concentered on the West Coast and the Gulf of Mexico. However, many 

images have been shot during the 2010 Oil Spill and it will be interesting to map oil on water. 

The main point is that AVIRIS resolution is better than Hyperion and permit to analyze more 

precisely, and especially on the land.  We’ll see  later that AVIRIS hyperspectral images got 

also less noise and bands errors. Some studies have been done for trying to find which 

sensor is better and the answers are that they’ve got both their use. The fact is that AVIRIS 

free data sets are almost only on the coast whereas Hyperion is both on land on sea. 

Therefore a study of the coast will be preferably done with AVIRIS in the case of a study with 

free data sample. 

http://aviris.jpl.nasa.gov/alt_locator/
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Fig 2.2 

 

This figure shows the image band available for the Gulf of Mexico. A large majority of these 

images have been shot between March and December of 2010 during the Oil Spill event. 

However a good portion of these files are totally overweighed, where HDF files can be up to 

50 GB (!), and thus, as Hyperion, they need to be also selected relative to their size. A .hdf 

file is provided. 

 

7.3  Spectrum Libraries 

 

As we already know an image is not sufficient to make an analysis. Graphic spectrums are 

needed to correlate pixels to the image and vice versa. ERDAS provide several number of 

spectrum libraries which include in their majority a large number of mineral species 

spectrum. The USGS Spectrum Library is the most complete one with for each species a good 

number of different spectrum, in order to maximize to chance of material detection or 

mapping. 

These spectrums are compute arithmetically and therefore need to be really precise. In the 

case of vegetation a good number of spectrum are recommended or they can be directly 

take on the image itself.  
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Fig 2.3 

The figure 2.3 shows a typical spectrum graph with reflectance in the Y axis and wavelength 

for the X. For this sample of Muscovite we see that there is a continuous reflectance (above 

40%) for a good part of the spectra. A peak is noticeable around 2000nm. 

With ERDAS it’s possible to build our own libraries with samples taken directly on the image. 

If we have to work on several images of the same scene or a scene near to it, it’s a really 

good advantage. 

 

7.4  Preprocessing  

 

As mentioned above preprocessing is truly the factor that makes the further analysis a 

success. At a number of 6, the preprocessing tools in ERDAS are all available from the 

Spectral Analysis Workstation. 
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Sensor Information  

 

Sensor information is a really simple tool. It’s just consist of define what sensor have been 

used to produce the image which is required to perform spectral analysis. ERDAS got 

multiple sensors information files. In the case of Hyperspectral data, it is used to make a 

correlation between the layer number, its band and wavelength (Fig 2.3). With both AVIRIS 

and Hyperion files the sensor is automatically suggested. If not it’s possible to choose it in 

ERDAS directory.  

It’s also possible to build our own sensor information file but because most of Hyperspectral 

sensors are popular it’s not really necessary as ERDAS probably already got it in its folder. 

 

 

Fig 2.4 

 

An option is also available to define what wavelength unit have to be used during all the 

analysis and preprocessing. Nanometer is already as default and don’t really need to be 

changed as informations about spectrum available are all in the same units. 
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Bad Bands Selection  

 

The bad band selection tool is here to correct the sensors defects. They can be multiple, 

noise, lack of band(s), distortion… Most of these defects are different from a sensor to 

another. For example it’s known that AVIRIS first 10 bands got a lot of noise and must be 

excluded for the analysis. Hyperion is one of the sensor which got the most bad bands. A 

simple reason is that the maintenance of sensors on satellite is quite difficult and can’t be 

done directly. However the bad bands tool must be used for every image.   

 

 

Fig 2.5a 

 

 

The Bad Bands Selection tool permit to define which band is bad by looking respectively at 

its overall image and its histogram. On figure 2.5a we see a typical good band (n°45). The 

histogram is nice and sharp and the image doesn’t have any noise or a lack of data. This 

band doesn’t have to be exclude. 

The mean plot shows the overall spectrum of the image. Sometimes bad bands can be 

selected from there with a peak. 
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Fig 2.5b 

 

Fig 2.5b show a bad band of the same scene. No histogram and an image which represent 

nothing. This image have to be exclude, whereas it will increase the compute length and 

maybe gives wrong results. 

 

 

Fig 2.5c 

 

This this the mean plot obtained after excluding all of the bad bands (in red). This is for a 

Hyperion image and we see that a lot of bands are excluding. To not repeat all the time this 

step it’s possible to save the bad bands selected to re-use it for another image from the 

same sensor. 

The next figure (2.5d) shows the mean plot for an AVIRIS image. Except for the first 10 

bands, no others are affected by noise or other effects. AVIRIS is really a good sensor as 

regards to bad bands. 



 

23 

 

 

Fig 2.5d 

 

It’s basically really simple to perform with AVIRIS image. Sometimes some bands with empty 

image can appear around 1500 nanometers but in many cases there is no other things to do 

than exclude the first 10. 

 

Spectral Subset  

 

The spectral subset tool is also a simple tool. It is used to define bands that are not needed 

for analysis in order to decrease the analysis length. It’s mainly the case when a material or 

substance to analyze got a precise range of reflectance in the wavelength and a strong 

absorbance in the others. Therefore a good part of the others can be excluded. 

 

 

Fig 2.6 



 

24 

 

On the figure 2.6 a mineral have been selected to define which bands can be useless (in 

yellow). In red is the bands already omitted with the Bad Bands tool. In this case these bands 

can be left and it’s just to show how this tool works. It’s really under 20% and even 10% that 

bands can be excluded. 

This tool has not to be done all the time because it only depends of the material that we 

want to map or detect. If the spectrum range doesn’t have such part with no reflectance, 

exclude bands is not needed. 

 Another point is that absorbance peaks don’t have to be excluded. Within the algorithms 

they can in fact permit to discriminate materials. Only large ranges of absorbance have to be 

excluded. 

 

7.4.1 Spatial Subset  

 

Spatial subset is used to omit a part of the scene for the analysis using AOI (Area Of Interest). 

As many others ERDAS tasks it can be preferable to define a precise area to analyze to speed 

up the process. 

This option is very useful in mapping task but is very optional 

 

Atmospheric Correction  

 

Atmospheric Correction tool is used to correct all of the atmosphere interference which can 

be between the sensor and the ground. These interferences modify the spectrum of a pixel 

and false the results. Therefore, this step must be done in every analysis work. 

Atmospheric correction is a complex algorithm. Three different methods are available in the 

same tool to correct it. 

- Internal Average Reflectance : Quick and dirty, no parameters can be entered and all 

is compute automatically. It’s only used when the scene is totally unknown. 

- Modified Flat Field : Used when a pixel of the scene is well known with its own 

spectrum. Once selected the spectrum the tool compute the image to get the same 

spectrum on it. 

- Empirical Line :  The principle is the same as Modified Flat Field but there several 

known pixels are used. Rarely used due to its requirements, it’s however the one 
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which gives the best results. 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 2.7 

 

Fig 2.7 shows an example of the Modified Flat Field method. On this AVIRIS image scene I 

use a known pixel as a “sample” with its spectrum (in red). A reference spectrum (in black)  is 

used from the library, which correspond to the material of the “sample pixel”. Here it’s a 

pixel of lawn grass. We see that an important part of the spectrum got a reduced 

reflectance, which is a common effect of the atmosphere. When the tool is used, this pixel 

will have the same spectrum as the one of the library. And all the other pixels will be 

corrected.  

Then, we will be able to use every single pixel for analysis, with the guarantee of having the 

real scene spectrum. 
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Minimum Noise Fraction  

 

Minimum Noise Fraction is the most complex of the 6 preprocessing tools. In the 

Hyperspectral workflow it’s the last one to be performed. In a simple way, this tool is used to 

eradicate any trace of noise that can be on the image. This noise is not so easily detectable 

with the Bad Bands tool, and is not equally present on the bands. 

The tool use the Signal to Noise ratio (S/N) to define which bands have to be removed and 

which bands have to be corrected. A lot of parameters can be entered. We will not extend 

on the tool mechanisms, but it’s important to note that the use of this tool depend of the 

sensor. A really noisy sensor as Hyperion must be corrected with MNF tool, whereas it’s 

almost useless on AVIRIS.   

 

 

7.5  Analysis  

 

Once the preprocessing task done came the analysis. Analysis tools are at a number of 4. All 

of these are algorithms build to detect or map a material from the input image (pixels). 

Some basics analysis tasks can be also done directly without running any tools and we’ll see 

how in the first part. 

From the selection to the last preprocessing task all have been made to give maximum 

chance of success to the analysis, but it’s important to notice that sometimes it’s possible 

that there is no convincing results. Sometimes it’s possible to remedy, by changing the 

Atmospheric correction for example, and sometimes it’s not. 
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Basic Analysis 

 

Basic analysis is really simple, it’s just consist of selecting a pixel, or a group of pixels and to 

compare them to a spectrum from a library. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 2.8 

Here is selected a group of pixels. A group of pixels always got 3 different spectrum (in Red) 

drawn in the plot, the Maximum Average Reflectance, The Minimum Average Reflectance 

and the Mean Reflectance. 

We see that the sample tend to be more lawn grass (in Black) than dry long grass (in Orange) 

as regards to the spectrum shape and reflectance. 
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Anomaly Detection  

 

Anomaly Detection can be both a preprocessing and analysis tool. This algorithm detects 

materials (pixels spectrum) that deviate a lot from the pixels in the scene. On a sea scene it 

can be a boat, in the country a car or house… 

Anomalous materials are then marked on an independent image mask and can be related to 

the Hyperspectral image with the swipe tool. Generally they represent a small cluster of 

pixels (under 20) or there are simply no anomalous pixels on the scene. 

 

 

Fig 2.9 

 

This group of pixels is anomalous on this AVIRIS country image, in orange. A basic analysis 

can help to define what it is if it’s too difficult to interpret directly with the shape. 

 

Target Detection  

 

Target detection shares a part of the algorithm of Anomaly detection. Target detection is 

used to find for a spectrum or a group of spectrum what pixel(s) on the input image is 

related to it. In this tool the use of multiple spectrums is well recommended to maximize the 

chance of results. However the software itself got a certain tolerance as regards to the pixel 

spectrum in correlation with the spectrum from the library. It means that ERDAS doesn’t 

search exactly the same spectrum but a spectrum with a sensible same shape and 

reflectance. 
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Fig 2.10 

 

Here is an example with the same AVIRIS file. Spectrums of this small trail have been isolated 

on several points. Then they have been selected for the Target Detection and the result is 

quite successful. Moreover some trails parts have emerged from the image where they are 

hardly discernible. 

Target detection is more adapted to situation where few researched material are present 

and need to be detected very precisely. 

 

Material Mapping 

 

Material Mapping algorithm is slightly different as target detection. Generally it is used when 

the material is largely present on the image but need to be delimited. A lot of spectrums are 

also used because in the case of a large extension, spectrum variability is very increased. 

The result is an image mask in grey scale where the correlated pixels are clearly discernible. 

However, sometimes the results are not really convincing and some part of the 

preprocessing need to be adjusted, using a different method for example or by modifying 

the reference spectrum for atmospheric correction. 
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Fig 2.11 

On this AVIRIS image this lake has been perfectly mapped. We can see all the water from the 

lake and around on the scene. This is probably the best result possible to get. 

 

 

 

 

The result of this forest mapping is not really 

satisfying. A better Atmospheric Correction 

should normally remedy to this. However 

the boundary seems to be precisely 

calculated between the forest in light grey 

and the other materials. 

 

 

      Fig 2.12 
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Material Identification  

 
Target identification is the strict inverse of the previous tools and the last available in 

analysis. The aim of this algorithm is to search into a library for related spectrum for a 

selected pixel. 

In the Workstation it’s the most hard to make work even if almost simple to understand. It is 

due to the small tolerance of the algorithm as regards to the reflectance of a pixel. Therefore 

the best results possible to get is when the library used is made of our own samples, and not 

from the ones provided by ERDAS (JPL, USGS…).  

Once selected the possible spectrum the tool range in order the spectrum samples that are 

more likely to be the pixel selected. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 2.13 

Fig 2.13 shows a basic material identification. For this example is used 3 scene-derived 

spectrums (Tree Type 1, 2 and 4) and 4 samples from USGS library.  

The 3 samples from the scene, taken in different forest part of the AVIRIS image looks like to 

be the same Tree type, as well as the pixel selected. When the value tend to 1 it’s indicate 

that the spectrum got more affinity with the material used to identify it. Therefore, there is a 

lot of chances that the selected pixel is a Coniferous, but certainly not a Walnut Tree. 
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8. Results 

 
For all of the analysis tasks ERDAS provide satisfying results. An important point is that 

whatever the file, results depend only of preprocesses. The files used for analysis came all 

from AVIRIS which guarantee a good preprocessing result and also a good accuracy with 

analysis. The atmospheric interference is the most influent parameters for the overall quality 

of the analysis. Hyperion sensor, in addition to the multiple dead or noisy bands, presents an 

atmospheric correction way more difficult to calculate. Several external algorithms are 

available on the internet, but make the file unusable in ERDAS due to  compatibility 

problems.  

But for AVIRIS files, the accuracy is here. Fig 2.10 and 2.11 are for example really great 

analysis images. And this accuracy can be extended to every material on Earth if it’s not 

underground. 

 
 

9. Discussion and Conclusion  

 
Through the literature review and the applied analysis with ERDAS we have seen that 

Hyperspectral imaging is a very good and accurate remote sensing method.  

But because Hyperspectral images are so complicated and hard to implement a basic 

analysis task can be easily slow down. However, with mastery, possibilities are too 

undervalued and can totally substitute major and famous Multispectral imaging. 

 

10. Limitation of the work 

 
Limitations are multiple: 

 

- The access to the data itself : many AVIRIS data sets are visible but not 

downloadable, including all the images taken in 2010 for the Oil Spill. Oil spill 

mapping is a field of excellence for hyperspectral imaging and the few 5 images from 

Hyperion are all covered by many clouds, which make them unusable or too long to 

preprocess. 
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- Many data sets are ENVI based (both Hyperion and AVIRIS), which mean that they 

are designed for another software that ERDAS, making a lot of compatibility 

problems that blocked me for a lot of time.  

- The software presents a lot of bugs and crash a lot of time, especially when the file is 

too large, which is the case of any hyperspectral images. This makes the 

Hyperspectral workflow a bit tricky. 

- ERDAS analysis potential is too much limited to spectrum-to-pixel tools. Even if I 

never use it, I think that for a good mapping the software ENVI is able to produced 

more complete results as multi-material mapping, which is not include directly in the 

Workstation. 

- And finally Hyperspectral imaging requires a lot of knowledge in spectral algorithm, 

statistics and optics that, even if very interesting to learn, makes the understanding 

of a lot of publications and software parameters very difficult. 
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