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I. THEORETICAL PRINCIPLES OF SATELLITE IMAGE PROCESSING

1. SATELLITE IMAGE PROCESSING

The goal of satellite image processing is to identify and isolate the coherent parts of the surface, the atmosphere, and
the water bodies. For example, to recognize and detach the urban areas and natural surfaces, the water bodies and
terrestrial areas, rock outcrops and soil, the soil and the vegetation, the forests and the meadows, the deciduous and
coniferous forests, the healthy and the stressed plants, the storm cells and the clouds, the smoke and the cloud, etc. In
other words, our goal is the classification of satellite image’s pixels and the creation of thematic layers (maps).

This process is called processing of satellite imagery (interpretation), which can be done visually and/or digitally.

Visual interpretation

Applying visual interpretation, objects (pixel classes) in the picture can be detached relying only on our knowledge
and our own eye. The number and the accuracy of detached objects depends on experience and the "sharpness" of
the analyst’s eyes.

The main advantages of the method:

The human brain takes into account a huge number of factors during the analysis and decision-making, which
particularly in the case of "problematic " places can yield better results than any other methods.
 
Compared to the digital method, the visual processing can be done by PC’s with relatively low capacity, because it is
not necessary to run complicated calculations and algorithms. Indeed, the traditional visual interpretation can be done
on printed satellite images as well.

The main disadvantages are:

It is very subjective, the result of the processing depends largely on the preparedness and experience of the analyst,
and even on his or her momentary concentration as well.  The result is that from the same picture everyone sees
things in somewhat different ways.
 
This method requires a lot of time, especially in the case of images covering a large area, since the analyst must
analyze every detail of the image.

Digital processing

In the case of digital processing, the coherent, similar parts of the surface are determined by the analysis of pixel
values applying mathematical and statistical methods.

The main advantages of the method:

This method is more exact, the processing depends less on the analyst’s individual experience. Applying the same
mathematical-statistical procedures and the same parameters (configurations), anyone will get the same results.
 
It is faster than the visual processing, of course only when applying high-performance computers. The speed is
relative, since for images with lots of pixels (a high-resolution image and/or an image covering a large area) the steps
of processing (e.g. running an algorithm completely) can take hours.

The disadvantages of the method:

For satellite images with lots of pixels, most of the digital processing steps require numerous calculations, so the
processing requires more powerful computers.
 
The setting up of parameters, the tuning of the algorithms, the designation of training pixels (see controlled
classification), and the evaluation of the reliability of the results requires specialized knowledge and some practice.

In practice, the two methods often do not differ from each other, since in some cases of digital processing the user has
the option to intervene in the process, and some processes can be considered as an automated form of visual
interpretation (e.g., controlled classification).

Whichever method is used, the information of satellite images should be processed very precisely, in order to create
the most accurate thematic maps. In the interest of this aim, before the beginning of processing, first some
preparations (pre-processing) must be done.



2. PRE-PROCESSING OF SATELLITE IMAGES

During pre-processing, primarily we try to eliminate or reduce the errors of satellite images, and geo-rectification is
done as well. These steps are always essential. In the aim of the further analysis, other pre-processing steps and
procedures may be used. These can be used to emphasize the images’ important information. The latter include, for
example, image enhancement. It is important to know that the pre-processing methods can change the original
information of the satellite images.

Radiometric correction

Radiometric correction is the name of those procedures which are used to approximate the differences in pixel values
to their original reflectance values. These differences arise from sensor failures or miscalibration, as well as from the
effects of the atmosphere in electromagnetic radiation (atmospheric distortion). Applying these procedure(s) the pixel
values are changed.

In general, radiometric correction is carried out already in the ground stations, so the user obtains an already improved
image. Therefore, the corrections are not itemized, and only briefly described.

The distortions of the detection system are reduced by system correction. Its important role is the elimination of
striping or missing lines of data, and also the removal of intensity differences between the bands, which are caused by
the differing sensitivity of the sensors (and miscalibration). The errors in the lines can be corrected by repeating lines
above or below (complete failure) or normalising the faulty data lines according to the rest of the data.

With atmospheric correction the distortions caused by the effects of the atmosphere on electromagnetic radiation
(absorption, scattering, reflection) can be reduced. Most commonly, in view of the physical conditions of the
atmosphere (derived from measurements or model-based calculations), the pixel values are modified by specified repair
values and/or band operations,

Geometric correction

The goal of geometric correction is to remove or decrease the geometric distortions appearing on the original satellite
images, and to fit the image into a valid map projection.

If the spatial accuracy is important, further corrections should be done. The panoramic distortions arising from the
Earth’s curvature and the geometry of sensor can be corrected by orthorectification. The distortion of terrain can be
decreased by applying digital terrain models.

Generally, satellite images are often used with other vector and/or raster-based datasets (e.g. aerial images, other
satellite images, maps). These databases are often in different coordinate systems. In these cases, instead of the
complicated process of orthorectification, it is enough to transform the satellite image into the coordinate system.

Orthorectification

Orthorectification is the process of forming the raw satellite image into an orthogonal image, which is free of any
perspective distortions. The process itself is complicated with numerous steps.

Projectional and coordinate transformation

If our satellite image already has a projection system (this is usually UTM, Universal Transverse Mercator) it is relatively
easy to switch into another system. This process is the rectification (transformation between two reference systems).

Numerous GIS software (eg. ERDAS Imagine, ArcGIS, Idrisi, Geomedia, GRASS, SAGA etc.) are able to perform this
transformation. It is enough to choose the coordinate system (in Hungary it is generally the EOV system), or if the
coordinate system cannot be found in the software, to set its parameters, and the software carries out the
transformation.

The satellite images often do not have any projection system, or it is unknown. In these cases transformation can be
done by a calculation which is based on ground control points. This process is called geocoding or georeferencing.

The ground control points (GCP) are points on the surface whose coordinates are known, and can be accurately
identified on the satellite image. These can be crossroads, characteristic buildings, river mouths, etc. whose
coordinates are already known from field measurement, or can be obtained from other aerial images or maps. Applying
this method, each GCP has two coordinate pairs: one from the original image (source), and another defined (reference)



coordinate pair.

On the basis of the known coordinate pairs an equation (usually polynomial) can be defined for the transformation.
Using this equatation every single point of the satellite image can be transformed into the new coordinate system.

The degree of the polynomial transformation depends on the number of ground control points, and our expectations.

Three ground control points are enough to define a first-degree polynom; however, in this case only basic coordinate
transformation can be done.

The image can be translated along the x and/or y direction, rescaled, sheared, rotated or flipped (affine
transformations).

The shape of the straight lines will be straight after the transformation, and the parallelism remains as well. This
transformation method can be applied in case of orthorectificated images.

Affine transformations on a Landsat 7  satellite image

Polynoms of higher degree allow us to curve the image as well. Then the straight lines can be curved and also the
parallelism can be changed. If higher degree polynoms are desired, then more ground control points are needed. The
higher degree polynom wanted, the more ground control points are needed: for the second degree at least 6; for a
third-degree polynom at least 10.



Transformed Landsat 7  satellite image (second degree polynomial transformation)

It is expedient to look for more ground control points than minimally needed to define the transformation equatation as
accurately as possible, or to have the opportunity to calculate and modify the accuracy of the transformation.

There is a certain difference between the reference and calculated (transformed) coordinates of ground control points.
The extent of this difference signifies the accuracy of the georeferencing. Some software programs show this difference
in x and y direction as well. However, the Euclidean distance and the RMS error (Root Mean Square Error) are
calculated and shown by any GIS software.

Most of the GIS software packages show the error (distance) at every ground control point, which provides the
opportunity to correct our inaccuracy, or to remove the point from the transformation.

Applying second or higher degree polynomial transformations, it is important to appoint the control points smoothly on
the satellite image, otherwise the image could become distorted (i.e. stretched) during the transformation.

Wrong georeferencing:  control points were appointed only from the lower left corner of the image

During the transformation of the image its pixels could become rotated or "distorted". However, the digital image must
be built up of pixels arranged into horizontal rows and vertical columns. This requires the resampling of the image, and
the re-definition of pixel values, since these pixels obviously do not coincide with themselves. The definition of new
pixel values can be done on the basis of the surrounding pixels’ values with the following main methods:



The nearest neighbor method assigns a value to each "correct" pixel from the nearest "uncorrected" pixel. The
advantages of this method include simplicity and the ability to preserve original values in the unaltered scene. The
disadvantages include noticable position errors, aspecially along linear features where the realignment of pixels is
obvious.

Priciples of the nearest  neighbor method

 Bilinear interpolation is a method used to smooth out pixel values when they are displayed larger or smaller than
they actually are. The method uses points to perform bilinear interpolation. This is done by interpolating between the
four pixels nearest to the point that best represents that pixel (usually in the middle or upper left of the pixel). In this
case new, calculated values can appear on the image. The edges and lines do not refract, but the contrast can be
lowered.

Principles of bilinear interpolation method

 Cubic convolution determines the weighted average of the 16 closest pixels to the input coordinates, and results in
completely new pixel values. This method is slightly better than bilinear interpolation, and it does not have the
disjointed appearance of nearest neighbor interpolation. Cubic convolution requires about 10 times the computation
time required by the nearest neighbor method.



Principles of cubic convolution method

Image enhancement

Image enchancement means applying different processes to ease the visual interpretation of images, the recognition
and differentation of objects. The goal is not keeping the original pixel values, but to modify them in a way which
improves the visual quality of the image and makes the interpretation easier for the user.

Image enhancement techniques either change the original pixel values or simply affect the visualization, but the pixel
values remain the same. The disadvantage of the first one is that the changing of pixel values limits the application of
other processes, like classification. Image enhancement can be done either on the whole image or on a subset of it.

Image enhancement techniques used on satellite imagery are often the same as the techniques used by most photo
processing software for digital photography. The most important techniques are:

Changing brightness: can be applied to the whole image or only to a part. Raising the pixel values brightens the image,
lowering the pixel values darkens it.

Changing contrast: If the pixel values are only in a narrow range in the image, then the details can hardly be
distinguished and the whole image seems to be dim. This can be enhanced in a few ways by increasing the contrast.
The most often applied method is histogram streching, which changes the pixel values in a way that they cover a
wider range, while the pixels with the same vaues stay in the same class. This is done by the linear streching of the
pixel values, which makes the histogram wider, but gappy.

If a large portion of pixel values are clustered in a few value ranges, then the image will also have poor contrast. This
appears in the peaks of the histogram. In this case histogram stretching is not applicable, as pixel values can occur in a
wide range, but they cluster around a few values. The best method to apply in this case is histogram equalization,
which makes the frequency distribution of the pixel values more even. The theoretical goal of histogram equalization
would be to reach a uniform histogram, in which all bars have an equal height, which means that there are equal
numbers of all pixel values. Creating this uniform histogram would mean the complete change of pixel values,
rearrangement of pixels into new classes which changes the original information of the image in an undesirable extent.
Uniform histogram can be approximated in practice by merging a few classes in a way, that at the end all classes will
have about the same number of pixels.



Landsat 7  panchromatic band for Miskolc
Upper image shows the original  photo,  middle image is after  histogram streching and lower
image is after  histogram equalization. Histograms of the images are also shown in  the lower
right corners.

Filtering: Beside histogram modification, the other important method of image enhancement is filtering. Filters can be
used for noise removal, smoothing, sharpening, and different statistical pixel values modifying. All filtering methods
work on a same spatial base, meaning that each pixel value changes depending on the value of its surrounding pixels.
The filter is a matrix (kernel, moving window) of a defined size, which runs through the whole image. As this window
moves it changes the value of the middle pixel in the following way. It multiplies each pixel value covered by the moving



window by the value in the part of the matrix which is above the given pixel. After multiplying all pixels, these values are
added and then divided by the sum of the pixel values in the moving window (or if this is zero, then by one). This
number will be the new value of the center pixel. If it is a floating number, then the integer part of it will be used. If the
result is out of the range of the radiometric resolution of the image (0-255 in case of 8 bit resolution), then the new pixel
value will be the lower or upper limit of the possible range. After this the moving window jumps to the next pixel and
repeats the calculation. In this new calculation the pixels whose values had been changed before, when the moving
window was "above" them, enter the calculation with their original value.

Some of the most frequently used filters:

High pass filter kernel (for image sharpening)

Low pass filter kernel (for image smoothing)

Edge detection kernel (for increasing geometric detail)

The first matrix is the original  part of the image covered by the moving window, the second matrix is the filtering moving window and third one (the
center  pixel) is the result  in  all  three figures.



Result of sharpening,  smoothing and edge detection on a Landsat 7  false colour image of Lake Balaton.

Most GIS software has built-in kernels in 3*3, 5*5 and 7*7 size. Some professional software allow the change of their
size and shape and sometimes they even allow the creation of the user’s own filters.

Statistical filters do not consist of concrete numbers to multiply the image pixel values with, but rather make statistical
calculations with the values of pixels covered by the moving window and give the result of this calculation as a new
value to the center pixel. For example the median filter chooses the median of the pixel values covered by the moving
window and makes this the new value of the center pixel.

Colour space transformation:

There are several options for colour visualization.The most frequently used method is RGB, where the colours are
visualized by mixing the different tones of the additive main colours: Red, Green and Blue.

RGB colour space [i]

The other possible colour visualization method is HIS, when colours are determined by Hue, Intensity and Saturation.
Hue means the color on a 0 to 360 circle from red through green to blue, intensity and saturation can change between
0 and 100%.



 

HSI (HSL) color  space [ii ]

The press uses the CMYK colour space for printing. This means using four main colours: Cyan, Magenta, Yellow, Black
Key.

 COLOUR SPACES

Images made in one colour space can be transformed into other colour spaces. During the pre-processing of satellite
imagery RGB-HIS transformation is often used for enhancing contrast or other processes.

Subsetting and mosaicing

Many times we only want to interpret certain areas of the satellite image, not the whole image itself. In these cases the
part we are interested in should be cut from the whole image to reduce the speed and improve the reliability of the




calculations. This cutting has many names depending on the software: cut, clip (ArcGIS), extract (ArcGIS), subset
(ERDAS), etc. Now we will use the word subset as this is the term used by ERDAS Imagine, a satellite-image
interpreting software. Subsetting can be done in most software programs by giving coordinates, i.e. in the case of a
square subsettable part, the coordinates of two opposite corners, or by drawing a polygon over the area of the image
you are interested in and using that for subsetting.

Images in the same coordinate system can be drawn correctly positioned to each other based on their coordinates by
most GIS software. Images of neighbouring areas will appear next to each other and can be saved as one large image.
This is the process of mosaicing. Mosaicing does not only mean putting the images next to each other.

The images can be:

different size and resolution,
 
different contrast,
 
overlapping, and the overlapping pixels will most likely not have the same values.

Thus mosaicing creates a new image, in which:

The lines and columns need to be recalculated. Values of the new pixels are calculated with the above-mentioned
"nearest neighbour", "bilinear interpolation" or "cubic convolution" method.
 
The contrast needs to be equalized. This is usually done based on the histogram of one image and is applied to
either the overlapping areas or the whole image.
 
New pixel values have to be defined for the overlapping areas. This can be done by calculating a mean of the pixel
value of the images, choosing the highest or the lowest pixel value, choosing the pixel value of the upper image, or
other methods.

Standardization of geometric resolution

As already discussed in the section on the general characteristics of satellite imagery, the geometric resolution of
panchromatic images made by the same satellite is better than the geometric resolution of the other channels. The
resolutions of the far infrared channels are the worst. It would be an advantage if the good geometric resolution of the
panchromatic channels and the good spectral resolution of the multispectral images could be used at the same time.
This can be solved by most GIS software packages by resampling a worse geometric resolution image to better
resolution, based on a better resolution image made of the same area.

We also need to standardize the geometric resolution if we want to make a layer stack of many images of the same
area. This can only be done if the spatial/geometric resolutions of all the images and all the layers are the same.
Making a layer stack of many images of the same area increases the data dimension, thus enabling a more precise
interpretation.

Decreasing the data dimensions

Having a high spectral resolution – meaning that we have a layer stack of images made of the same area in the same
time but in different wavelengths – is important and useful in most cases. Sometimes, though, it can be a disadvantage
as well. As the number of layers increase, the data that needs to be processed increases, which makes the calculation
slower and slower. Therefore it is worth reducing the number of the layers while still trying to keep most of the
information. This reduction can be made by different methods of different software. The most important are PCA
(Principal Component Analysis), the Tasselled Cap method and the making of indices.

Layers can be considered as data dimensions, as each pixel has one value per layer, which determines its position in
spectral space. The number of layers gives the number of dimensions in this theoretical space. This can easily be
imagined and presented for two or three layers, but it becomes more difficult in higher dimensions.





Pixel  values of different materials in a two-dimensional spectral space set  by  and  (upper figure)

The upper  figure represents the reflectance diagram of some materials,  which show what  percentage of the incoming
radiation they reflect.  The two broken lines mark the two wavelegths where the images were taken. The reflectance
values on these wavelengths were drawn in  8  bits  (0-255)  and the pixel values were dotted in  a  right angle coordinate
system (lower figure).

Principal Component Analysis (PCA)

Increasing the number of layers (data dimensions) often does not result in the same rate increase of information
content. There will be layers that correlate to each other, so pixels with high value on one channel will have high values
on other channels, too.

The basis of PCA is to linearly transform the layers, so that the correlation between the layers will be as low as
possible, and then to choose from the newly made layers the ones within which the variance of the pixels is the highest,
which show the most information. These will be the principal components. In the later processing on the images it will
be adequate to work with these newly made layers, as the pixels will be the most easily classified based on these.

Let us look at a sample for two bands. In this case all pixels have two values, one in each band. The pixels can thus be
drawn in a two-dimensional coordinate system, where the axes are the layers/bands. As can be seen from the figure
below, in most of the cases the correlation of pixel values in the two bands is high. If the pixel value in one band is high,
then it will be high in the other band as well.



Location of pixels in a two-dimensional coordinate system, where the two axes are two correlating bands.

In order to carry out the principal component analysis, let’s turn/transform the axis of the coordinate system in a way
that the correlation of the pixel values between them decreases. The exact mathematic process will not be described
here, as in most GIS software PCA is a built-in option. By turning the axis, one can see that the pixel values in the band
represented by the new x axis are scattered on a much wider scale, their variance is higher, and thus they can be
classified more precisely. This new x axis will be the first component or first eigenvector. There will be pixels whose
values are the same in this new x axis, but are different in the other axis. So the y axis is also transformed, so that it
shows the second highest variance of the values of the pixels, which cannot be well distinguished by the new x axis.
This new y axis will be the second component or second eigenvector and it is usually perpendicular to the first
component. Second, third, fourth, etc. components can be calculated as well, but they add less and less new
information to the whole image. Usually the first two components already show 90% of the variance of all pixel values
after a principal component analysis, but it is the best to choose how many new layers we will use, by looking at them
one by one and deciding which add useful information to our image.



Location of the first  and second principal components,  compared to the original axis.

PCA can also be used for noise filtering. Noise does not correlate to any other pixel values on other channels. Noise
values usually get into one of the last new components, where it can be smoothed and the components be transformed
back to the original layers.

During the digital processing and classifying of the image we have the opportunity to decrease the number of layers
and increase the accuracy of classification. Discriminant analysis feature extraction can be done with the use of the
training pixels of supervised classification.

Discriminate analysis feature extraction (DAFE)

DAFE calculates the linear combination of image layers in such a way that the training pixels in this new spectral space
are the most homogenous and the most easily distinguishable from each other. This way the ratio of the variance
between the classes and the variance in the classes is the highest. The advantage of this method is that it can be
computed fast and easily, the disadvantage is that the accuracy decreases if the modes of the classes are similar
and/or the classes are multimodal.



Principles of DAFE

Classes cannot  be properly distinguished in  the original  bands (left  figure) as they overlay in  all  bands.  The overlay decreases in  the DAFE transformed
layers (right figure) and even disappears between classes A and C in  the second transformed layer and between B and C in  the first transformed layer.

Decision Boundary Feature Extraction (DBFE)

The DBFE technique also uses the linear combination of image bands, but it considers the training pixel based class
boundaries during the process. It calculates decision boundaries between the classes, which unequivocally determine
the classes in spectral space. The pixels needing to be classified are put into the different classes according to these
decision boundaries. DBFE gives higher precision in classification if the class modes are similar or the classes are
multimodal.

Principals of DBFE

The original  bands do not allow the three classes to be distinguished (left  figure),  as there are overlays between them in  all  bands.  DBFE makes the
classes easily  distinguishable by defining decision boundaries in  the spectral space.

Creating indices, band ratios

As seen before, each material has a typical reflectance curve, which shows in what extent the given material (i.e., plant



species, mineral type, soil type) absorbs and reflects in the different wavelengths. This characteristic eases the
recognition and delineation of the different materials on multi- and hyperspectral images. It often happens that the
reflection value of different types of materials is similar on a band (representing a wavelength range), so those cannot
be distinguished based on only that band. For example in the reflectance graph figure above, one can see that the
reflectance values of the moist vegetation and the soils are very similar on wavelength λ2. Using the other bands of the

multi- and hyperspectral images, it is almost sure that a band can be found where the reflectance values of the
materials are different, so the materials can be distinguished. In the above-mentioned example, the reflectance values
of moist vegetation and soil are different. If we are interested in delineating only one material and do not care about the
others (i.e., showing only the moist vegetation cover), then it is the best to calculate indices. For the calculation of
indices, we have to have a closer look at the reflectance curve. Let’s choose the wavelength with the highest
reflectance value and the wavelength with the lowest reflectance value for the given material and calculate a ratio from
them. This ratio will then be typical for the given material, as the chance that another material’s reflection graph will
have the highest and the lowest values at the same wavelength is negligible. In the result the highest values will show
the cleanest, the most typical places for the given material.

The most often used index is the Normalized Difference Vegetation Index (NDVI), which is used to show vegetated
areas. The reflectance values for moist vegetation are the highest at the NIR (Near Infra Red) wavelengths (as the
vegetation does not use this low energy wavelength, so it reflects it) and the lowest at the red wavelengths (as the
vegetation uses this high energy wavelength for photosynthesis, so it absorbs it). This results in the vegetation ratio, the
NDVI, to be (NIR-Red)/(NIR+Red).

Some frequently used indices

NDVI = (NIR-Red) / (NIR+Red)

Typical values:

dense, healthy vegetation: above  0.3 (the higher the amount of chlorophyl, the higher the value)
 
clouds, snow, ice: negative values
 
water: around 0

Ratio Vegetation Index (RVI): RVI=NIR / RED

Difference Vegetation Index (DVI): DVI=NIR-RED

Clay mineral index = Lansat TM5 / Lansat TM7

Iron oxide index = Landsat TM3 / Landsat TM1

Hydrothermal mineral index = Landsat TM5 / Landsat TM7 or Landsat TM3 / Landsat TM1

Tasseled cap transformation

Tasseled cap transformation was designed for vegetation studies from Landsat Mss and TM by decreasing data
dimensions with the linear combination of the bands. The original 4 (MSS) and 7 (TM) bands were transformed into a
three-dimensional space. This way all pixels will have three values: brightness, greenness and wetness. All three
eigenvectors, which give the three axes of the new data dimension, are the sum of the weighted values. (In the case of
a TM sensor, the thermal infra band is not used in the calculation.) Weights are chosen so that the brightness axis
gives information about the electromagnetic reflection of soils, greenness gives information about vegetation and
wetness about the water content of the vegetation and the soil.

Parameters of the transformation for Landsat 4 TM satellite images:

Brightness=0.3037*TM1+0.2793*TM2+0.4343*TM3+0.5585*TM4+0.5082*TM5+0.1863*TM7

Greenness=-0.2848*TM1-0.2435*TM2-0.5436*TM3+0.7243*TM4+0.0840*TM5-0.1800*TM7

Wetness=0.1509*TM1+0.1793*TM2+0.3299*TM3+0.3406*TM4-0.7112*TM5-0.4572*TM7

3. INTERPRETATION OF DIGITAL IMAGES

Unsupervised classification / clustering



Unsupervised classification is a means by which pixels in an image are assigned to spectral classes without the user
having foreknowledge of the existence or names of those classes. It is performed most often using clustering methods.
These procedures can be used to determine the number and location of the spectral classes into which the data falls
and to determine the spectral class of each pixel. The analyst later identifies those classes by associating them with
available reference data from maps or ground truth. Clustering procedures are generally computionally expensive, but
they are still central to the analysis of remote sensing imagery. Unsupervised classification is many times useful for
determining the spectral class composition of the data prior to detailed analysis by supervised classification.

The most frequently used method is ISODATA (Interactive Self-Organizing Data Analysis Technique), which puts the
pixels into different classes based on their spectral distance in an iterative way. The analyst has to define the number
of classes/clusters and the process is automatized after this. The procedure creates the given number of classes in the
N- (the number of bands) dimensional spectral space in a way that those fill the space completely. It calculates the
mean value of all clusters and puts each pixel in the cluster whose mean value is the closest to the pixel value. In the
next iteration the clusters are determined by the including new pixels in the calculations as well and the cluster means
are recalculated. Pixels are then reclassified according to the new cluster means. This process iterates until  a certain
number of pixels (defined by the user) are not placed into a new class or until  the iteration reaches a certain (user
defined) number.

At least two parameters have to be set before starting the procedure: the number of clusters and the number of
iterations. This latter can usually be set in two ways: directly by setting the number of iterations or indirectly by defining
the percentage of pixels that change cluster after the iterations.

Supervised classification

The process of supervised classification is controlled by the analyst to a much greater extent than in the case of
unsupervised classification. The user creates the classes and defines which pixel values fall into which classes. It is not
necessary to define which class each pixel belongs to, it is enough to train the algorithm which pixel values belong to
which class, and based on this, the procedure classifies all pixels.

Steps of the procedure:

Defining the classes and training the algorithm
 
Evaluating the accuracy of the training
 
Classification
 
Evaluating the accuracy of classification

There are two possibilities for defining the classes:

1. Based on prior knowledge, we can identify the different surface cover types on the image and can define the classes
based on this. This is called supervised training.
 

2. We don’t have any prior knowledge about the area, so we let the software define the classes based on the statistical
analysis of pixel values. This is unsupervised training.

During the definition of classes, we delineate training pixels, which will represent the pixel values of the classes.
Delineation of the training pixels can be done in a parametric and non-parametric way.

The basis of the parametric rule is that the software program will decide based on some statistical values of the
delineated pixels (mean, standard deviation, covariance) which of the other pixels will belong to which class. The
delineation of the training pixels can happen in two ways:

1. We can delineate the area on the image that we know that is of the wanted surface type by drawing irregular or
regular shapes on it.
 

2. We designate one pixel whose accurate representation is certain and give a deviation value based on which the
software puts each pixel into the matching classes.

The parametric method can be used for both unsupervised and supervised training.

Non-parametric training pixels can only be used with supervised training. In this case we have to define the class
boundaries by giving concrete pixel values.

We have to consider a few rules when delineating the training pixels to make the classification more accurate:

The accuracy of classification can be improved by increasing the number of training pixels and/or increasing the
number of bands. Increasing the number of bands has one condition, though. According to the Hughes rule, the
more bands we use, the more training pixels we need per class. There is a minimal number of pixels that need to be



delineated in order to be able to run the classification. Increasing the number of training pixels improves the
accuracy, but after a certain number of training pixels, the accuracy does not improve significantly. For example,
during a ground measurement, we could delineate 5 training pixels. The best accuracy can be reached by running
the classification on three bands.  Using fewer or using more bands both reduce the accuracy. The graph below also
shows that if we would like to use 5 bands, then 50-100 training pixels can result in adequate accuracy.If we
increase the number of training pixels, the accuracy will improve, but using 1,000 training pixels only improves the
accuracy by a few percent, which is not worth the extra work of the training pixel delineation.

Relation between the number of bands and the number of training pixels in respect  to the accuracy of classification [iii]

Training pixels should be representative of the class. All the pixel values of the class should be represented in the
training pixels in the correct ratio. For example, when delineating training pixels for wheat fields, we should not only
delineate the rich, healthy fields, but the less dense, more stressed fields as well.  If we delineate all  types of wheat
fields as wheat, then it can ensure that they will all  be classified as wheat and do not put into different classes.
 
All possible known surface types should be delineated. For example if we are creating a vegetation map, but there
are roads and lakes in the image as well,  we have to define and train a road and a lake class, besides the different
types of vegetation, otherwise the road and the lake pixels will be classified into one of the vegetation classes.

Evaluating the accuracy of training

Before conducting the time consuming classifying calculations, it is advisable to check on the accuracy of the training
areas. If the training areas are not delineated in the correct way, if they are controversial, having very different pixel
values, or containing similar pixel values to other classes, then our classification will definitely not be correct. There are
several ways of testing accuracy measurements of training areas. The most common types are:

We can compare the results of the classification with the training areas by creating a so-called alarm layer. The result
will be a new layer showing the accuracy by pixel color.
 
The separability of classes or clusters, determined by training pixels, depends on the spectral distance of the classes.
This separability measurement can be done between each class pair.  This way the classes which can hardly be
separated can easily be identified and can be deleted or unified.
 
The spectral overlay of the classes, if their pixel values are similar makes the classification inaccurate, as this way it
is difficult for the software to decide which pixel belongs to which class. The pixel values of the classes and their
overlays can be drawn on a graph in some software packages. This also a tool to check the accuracy of the training.
 
Contingency matrix shows in a percentage format which training pixel was placed into which class after the
classification. Training pixels are used to define the pixel values of the class, but they are classified as well and do
not necessarily get put into the same class after the classification process. The more training pixels stay in their own
class, the higher the accuracy of the classification is, so the more precisely we managed to delineate the training
areas.

Classification



During the classification process the value of each pixel is analysed and the pixel placed into the matching class
according to the statistical values of the class defined by the training pixels. The algorithms that execute the
classification process can be different in their way of comparing the given pixel value to the class values.

Main parametric classification methods:

The smallest spectral distance method places the pixel into the class that has the closest average value resulting
from the training pixels. It is a fast method, but the disadvantage is that it does not consider the variance in the value
of the training pixels. This way classes with high variance of training pixel values are usually under-represented, so
fewer pixels are placed into these classes then should be. Lower variance classes like lakes are, on the other hand,
over-represented on the classified image.
 
The Mahalanobis distance method also uses the spectral distance, but instead of using the average value of classes,
it uses the covariance matrix determined by the training pixels. This way it considers the variance of pixel values
within the classes, so the over- and under-representativity of the classes become less likely.
 
The maximum likelihood method decides which class to place the pixels in based on the probability. The classes
have a weighting value (Bayes method). This method also considers the variance in the classes, but as a result of
the complicated computations it is quite slow. The more bands are included in the calculations, the slower the
calculations are. Its disadvantage is that it only gives good results if the pixel values of the bands have normal
distribution, but in this case it is the most accurate of the above-mentioned methods.

Main non-parametric classification methods:

According to the paralellepiped method a pixel is placed into a class if its value falls between the highest and lowest
value of the given class. Classes defined by the N-dimensional space can this way be represented as N-dimensional
paralellepipeds. The lowest and highest boundary can be:
 
 the lowest and the highest value of training pixels for a given class,
 
he average of the training pixel values of a given class for each band and a given deviation from the average,
 
values given by the user according to any other source.

It often happens that the classes overlap and this way a given pixel can belong to more than one class. In this case
(user decision) it can remain unclassified, it can be located in the higher rank training class, or it can be classified in a
parametric way. If, on the other hand, the classes do not completely fill the spectral space, but "holes" remain, a given
pixel might not match with any of the classes. In this case we can choose between keeping it unclassified or classifying
it in a parametric way.

The feature space method is very similar to the parelellepiped method, but the boundaries can be arbitrary in this
case.

Evaluating the accuracy of classification

After the classification procedure a thematic map is the result. The accuracy of this map should also be evaluated. This
can be done with either accuracy or threshold value measurement. These are usually done by comparing some
randomly chosen pixels of the image.

The threshold vale method identifies, cuts and places those pixels that are likely to be incorrectly classified into a new
category. These are the pixels which are the farthest from the mean value of the class. The identification of such pixels
can be done with the analysis of a distance image based on either the smallest spectral distance, the Mahalanobis
distance or the maximum likelihood method. This distance image is a raster layer in which the pixel values mean the
spectral distance of each pixel from its class value. By checking the histogram of this image, we can decide what
percentage can be cut off from the ends of the given histogram.
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