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1. Collecting of spectral features of soils and vegetation
Purpose of the exercise:
The aim of this study to evaluate the texture of the soils and their soil moisture content based
on reflectance, which availability of water to crops can measure quickly. Effect of moisture
content of soil samples on spectral properties was carried out with laboratory spectrometers.
The soil samples are from apple orchards, from certain parts of Hungary: Pallag, Nagykutas,
Szepetnek and Siófok. The four orchards have different soils textures (Table 1). The soil is
mainly clay loam in Szepetnek, there are sandy loam, clay loam and loam soils in Nagykutas
loam and sandy loam in Siófok and sandy soils in Pallag. Soil texture was measured by the
method of saturation percentage
Required knowledge:
It is a well-known that the reflectance of soil generally increases with the wavelength. The rate
of this is related to other physical and chemical properties of soil. Based on the earlier results,
organic matter content, moisture content, parent material, the presence of colour chemical, soil
texture, size of the soil particles and salt content are the most important factors which
determine the reflectance. These factors are complex, changeable and there are relationship
among them. General observation that increase in organic matter and water content of the soil
reduces the reflectance properties in the wavelength range of 0.4-2.5 microns. Humus is the
major determinant of the reflectance, if the humus content of soil is more than 2%. The
reflectance decrease in 1.3-1.5 and 1.75-1.95 micron intervals is the result of the absorption of
water content in soil.
The four orchards have different soils textures (Table 1). The soil is mainly clay loam in
Szepetnek, there are sandy loam, clay loam and loam soils in Nagykutas loam and sandy loam
in Siófok and sandy soils in Pallag. Soil texture was measured by the method of saturation
percentage (Table 1)
Table 1. Textue of the examined soils
Soils
Szepetnek1

Saturation
percentage
46

Texture

Soils

clay loam

Siófok1

Saturation
percentage
36

Texture
sandy loam
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Szepetnek2
Szepetnek3
Szepetnek4
Szepetnek5
Kutas1
Kutas2
Kutas3
Kutas4
Kutas5
Kutas6
Kutas7
Kutas8
Pallag1
Pallag2
Pallag3

41
49
42
48
37
50
36
39
37
45
43
73
28
25
28

loam
clay loam
loam
clay loam
sandy loam
clay
sandy loam
loam
sandy loam
clay loam
clay loam
heavy clay
sand
sand
sand

Siófok2
Siófok3
Siófok4
Siófok5
Siófok6
Siófok7
Siófok8
Pallag1
Pallag2
Pallag3
Pallag4
Pallag5

37
36
40
41
39
39
37
26
27
27
27
28

sandy loam
sandy loam
loam
loam
loam
loam
sandy loam
sand
sand
sand
sand
sand

The spectral profiles of the soil samples will be measured at various moisture conditions. Soil
samples is dried to constant weight at 105 ° C and 100g samples has to be saturated by 2.5 ml
distilled water (2.5 percent of dry weight) until full saturation using burette, and drilling
vessels. In parallel, spectral profiles of wetted soil was regularly measured at dry and at all
wetted stage, in three iteration. The spectral profiles (reflectance) were measured by laboratory
scale AvaSpec 2048 spectrometer at 400 – 1000 nm wavelength interval with 0.6 nm spectral
resolution. The AvaSpec 2048 system consists of one spectrometer, AvaLight-HAL halogen
light source which are joined by a fibre optic with 8 μm diameter. Measuring of the spectral
profile is described as follows.
Measuring and saving a spectrum
1. After starting AvaSoft, the green Start button needs to be clicked to start measuring.
2. The fiber optic has two connections; one is for the spectrometer, and one is for the light
source. The light source ensures the permanent light intensity in the whole measurement
range. Connect a fiber or probe to the light source and to the spectrometer input port(s) and
set up the experiment for taking a reference spectrum.
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Spectral sampling
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Halogenic light source
AvaSpec 2048 spectrometer

Figure 1. The AvaSpec 2048 spectrometer
3. Adjust the Smoothing Parameters in the Setup menu to optimize smoothing for the
Fiber/Slit diameter that is used (for –USB2 platform AvaSpecs optimal smoothing is preset
and stored on board in the EEPROM).
4. Now turn on the light source. Usually some sort of spectrum may be seen on the screen,
but it is possible that too much or too little light reaches the spectrometer at the present
data collection settings. Too much light means that, over a certain wavelength range, the
signal is saturated shown as a straight line at the maximum counts and the appearance of
the label “saturated” in the statusbar of the spectrometer channel. This can usually be
solved by a shorter integration time. The integration time can be changed in the main
window, in the white box below the start/stop button. If AvaSoft is collecting data, the
start/stop button shows a red „stop‟ and the integration time box is grey, indicating that it
cannot be changed. After clicking the „stop‟ button the data acquisition stops and the
integration time can be changed. The result of the changed integration time can be viewed
after clicking the green „start‟ button. Try to adjust the integration time, such that the
maximum count over the wavelength range is around 90% of the full ADC scale (14750
counts for the 14bit ADC, 59000 counts for the 16bit ADC). When at minimum integration
the signal is still too high, an attenuator, a neutral density filter or fibers with a smaller
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diameter may be used. When not enough light reaches the spectrometer, likewise a longer
integration time should be entered.
5. When a good spectrum is displayed, turn off the light source.
6. Before the spectral measurement calibrate the spectrometer. For the calibration white and
dark reference measurement is needed.
7. Now save the Dark data. This is be done by File-Save-Dark from the menu or by clicking
the black square on the left top of the screen with the mouse. Always use Save Dark after
the integration time has been changed.
8. Turn on the light source again. Save the present spectrum as a reference by choosing File
SaveReference from the menu or by clicking at the white square (next to the black one).
The calibration was made by a special calibration reference unit. For reflection
measurements WS-2 reference tiles was used for diffuse reflection The WS-2 white
reference tile is made out of a white diffuse PTFE (polytetrafluoroethylene) based
material, meeting the highest demands with regard to high grade diffuse reflectance
(Figure 2).

Figure 2. WS-2 reference panel
9. Always use Save Reference after the integration time has been changed. Now the
Transmittance/reflectance (T/R button) spectra can be obtained online. To have a better
look at the amplitude versus wavelength, the cursor button can be clicked. A vertical line is
displayed in the graph. If the mouse cursor is placed nearby this line, the shape of the
mouse cursor changes from an arrow to a „drag‟ shape. If this shape is displayed, the left
mouse button can be used to drag (keep left mouse button down) the line with the mouse
towards a new position. Moving this line shows the corresponding values of wavelength
and amplitude in the main screen. By clicking the red stop button, the data acquisition is
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stopped and the last acquired spectrum is shown in static mode. The data acquisition can
be started again by clicking the same button, which now shows a green „Start‟.

10. To save the spectrum (in the mode chosen before) of the soil or the leaf sample, choose
File-Save-Experiment from the menu, or click the Save Experiment button from the button
bar. Pay attention to the distance to avoid error in measurement! Distance between the
fiber optic and the sample should be the same as the distance between the fiber optic and
the reference panel.
11. To improve the Signal/Noise ratio, a number of spectra may be averaged. To do this, the
value in the white average box in the main window (next to integration time) can be
increased. The value can only be changed in static mode. When AvaSoft is acquiring data,
the average box becomes grey.
12. Then convert graph to excel (from ‘File’ menu)
13. In the excel, produce spectral fingerprints for the soils and the vegetation
First, spectral properties of the dry soil samples have to be measured to analyse the differences
among the spectral profiles of different soil physical characteristics.
1. Group the dry spectral profile based on their physical characteristics and make average
spectra for each (loamy, heavy clay) sandy, sandy loam, soil properties, Results should be
similar to the following figure 3:

Figure 3. Spectral characteristics of soils
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2. Describe the general feature of the soils. How the reflectance is changing within higher
wavelengths?
3. Describe the impact of the increasing clay content! How the clay content affect the spectral
feature of the soil? Which spectral interval seems to be sensitive for the higher level of
clay?
4. Extra task**: In order to understand the relations between soil textures and spectral
properties correlation and principal components analyses can be carried out in SPSS.
 First transpose your spectral datamatrix in excel to get columns for each soil
reflectances measured at each wavelengths. The last column should be the saturation
percentage.
 In SPSS use Analyze/Dimension Reduction/Factor, in Extraction tab enable Principal
component, in Rotation tab enable ‘Varimax’ rotation, in Descriptives enable KMO
and Bartlett test. Put all your variables to ‘Variables’ and run the process.
 Check and analyse the result of KMO
 Copy the factor which explains the most and best the soil property changes. Describe
the factor values of most important factor in excel. Which is the most relevant
wavelength range for soil physical characterization?
Secondly evaluate effect of the water content on the spectral features.
1. After measuring the soil at different moisture content, provide average spectral feature for
each moisture content.
2. Describe it in excel. Results should be similar to the following figure 4.

Figure 4. Reflectance of loam soils with different water content
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3. How the reflectance is changing within higher wavelengths?
4. Describe the impact of the increasing moisture content! How the moisture content affect
the spectral feature of the soil? Which spectral interval seems to be sensitive for the water
content?
5. What is the reason for the changes in reflectance over a certain amount of soil moisture?
6. Extra task**: Make different groups based on the soil moisture content categories. The
strength of the soil moisture effect on the spectral properties can be investigated by
calculating standard deviation curves out of spectral curves of groups with different
moisture content categories. Make two kinds of grouping
 In the first case, increasing moisture content limits should be used to make the
following groups: 0-5%, 0-10%, 0-15, 0%-saturated soil (percentage of dry weight).
This provide the selection of wavelength range with the highest variation.
 In the second case different groups has to be made based on stepwise increase of
moisture content and calculated the standard deviation curves: 0-5%, 5-10%, 10-15%
etc. (percentage of dry weight). Based on the differences between groups ranges of
moisture can be selected, wherein the water has the largest effect on the spectral
properties.
 Results should be similar to the following figure 5.

Figure 5. Variation curves of different moisture groups (sandy soil)
 How the standard deviation is changing within higher wavelengths?

9

 Describe the impact of the increasing moisture content on the deviation of reflectance!
How the moisture content affect the variation of the spectral feature of the soil? Which
spectral interval seems to be sensitive for the water content?
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2. Georeferencing of remote sensing data
Purpose of the exercise:
To explore how to use ground control points (GCPs), an orthorectified reference image, and a
digital elevation model (DEM) to orthorectify an OrbView-3 scene that contains rational
polynomial coefficients (RPCs). Automatically generate GCPs from an orthophoto base layer,
then use the GCPs in the RPC Orthorectification Workflow. This is an interactive approach that
lets students assess the errors of individual GCPs as well as the overall model accuracy.
Required knowledge:
An RPC model is a type of sensor model that maps the physical relationship between 3D ground
points and 2D image points. RPCs are not the same as a map projection. Most modern highresolution sensors such as WorldView-3 and Pleiades include pre-computed RPCs with their
imagery. The ENVI RPC Orthorectification tools use RPCs—along with x/y/z data from GCPs
and elevation data from a high-resolution DEM—to create an orthorectified image. Prior to ENVI
version 5.3, users had to manually add GCPs to the RPC Orthorectification Workflow. Now
students can automatically generate GCPs from an orthorectified reference image and DEM.
In general the reference image should have the same or slightly higher spatial resolution than the
source image that you want to orthorectify. Try to choose a reference image that is close to the
year and season of the input image. Automatic GCP generation is based on image matching
between the reference and source images, so the scene contents should not be vastly different.
Automatic GCP generation is more robust if the reference image and input image have similar
resolution. If the reference image has a much higher resolution than the input image (i.e., the ratio
is greater than 2.5), consider down-sampling the reference image first. The DEM must cover at
least the spatial extent of the input raster. The exercise is based on the ‘RPC Orthorectification
tutorial’ of ENVI.
Applied files in this exercise: Tutorial files are available from the Harris geospatial website. On
the ENVI Tutorials page, click the link to "ENVI Tutorial Data" to download all tutorial data.
Files for this tutorial are in the rpc_ortho directory.
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 OrbViewSubset.dat: Spatial subset of an OrbView-3 panchromatic image of Coral Springs,
Florida, acquired on 16 January 2006. Resolution is one meter per pixel. Data available
from the U.S. Geological Survey.
 NAIPReferenceImage.dat: Spatial subset of a National Agriculture Imagery Program
(NAIP) image, acquired on 07 August 2007. NAIP images have a ground sample distance
of 1 meter with a tolerance of 6 meters to true ground location. Data available from the
U.S. Geological Survey.
 DEM.dat: Spatial subset of a National Elevation Dataset (NED) DEM image at 1/9 arc
second resolution. Data available from the U.S. Geological Survey.
Software to use: ENVI 5.3. (64 bit)
1. Preparation:
a. Open all the three files: The OrbView-3 panchromatic image should be on top. The NAIP
reference image should be underneath, displayed in true color. The DEM has the same
spatial extent as the NAIP image, so it is hidden beneath the other layers.
b. Zoom out until you can see the extent of the combined layers. Does the reference image
have the same or slightly higher spatial resolution than the source image that you want to
orthorectify? Does the DEM cover at least the spatial extent of the input raster.
2. Create Ground Control Points
a. Use the ENVI toolbox: select ‘Generate GCPs from Reference Image’ tool.
b. As an input raster, select OrbViewSubset.dat
c. As a reference data, select NAIPReferenceImage.dat
d. As a input DEM raster, select DEM.dat
e. Leave default values as it offered by the programme (including the 25 GCPs)
f. Save the generated GCPs in .pts extension
3. Start the RPC Orthorectification Workflow
a. Use the ENVI toolbox: select ‘RPC Orthorectification Workflow’ tool.
b. The File Selection panel appears. As an input raster, select OrbViewSubset.dat
c. Browse to select DEM.dat
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d. Under the Advanced tab, the Geoid Correction option is enabled by default. The RPC
Orthorectification workflow performs geoid correction by using the Earth Gravitational
Model (EGM) 1996 to automatically determine the geoid offset (Figure 6).

Figure 6. Enabled geoid offset
e. Import GCPs, importing GCPs, which were created in the 2nd step. Students will evaluate
their horizontal and vertical accuracy, furthermore, they will improve their accuracy in the
modelling. By clicking on 'Load GCPs’ feature, open your GCP file.
 The green check marks indicate that these GCPs are active and will be used to adjust
the RPC model. These points are called adjustment GCPs.
 When you select a GCP in the list, the details of the GCP location appear in the GCP
Properties table to the right. Included are the longitude and latitude in a Geographic
Lat/Lon WGS-84 projection; height in meters above the WGS-84 ellipsoid; image
coordinates; status (adjustment or independent); and error statistics. The next section
will discuss the error statistics in more detail.
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 The Horizontal Accuracy value is the horizontal root mean square error (RMSE) in
meters. In the example above, all of the adjustment GCPs taken together would yield
an orthorectified image that is accurate to within 1.84 meters. In the next section, you
will try to increase its accuracy.
f. View errors: Assess the quality of your GCPs and how they contribute to the overall
accuracy of the orthorectification. Once you identify GCPs with large errors, you can
adjust them or delete them, then re-evaluate the accuracy of the orthorectification. It is
possible to check an error image, by clicking on the zooming the ‘Show error overlay’
button. The darkest areas indicate GCPs with the least error, and the bright red areas
indicate GCPs with higher errors (Figure 7).

Figure 7. List of GCPs with overall horizontal accuracy and highlighting GCP 2 with very high
(3.81) error value
g. Correct errors: practical to interactively move the GCP location in the image display, then
re-evaluate its error statistics. Or, delete a GCP if moving its location does not improve the
error statistics.
 Select GCP 2 in the list, then click the Delete button . The Horizontal Accuracy value
slightly improves to 1.41 meters.
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 Again, click on each GCP in the list, then scroll down in the GCP Properties table to
see its Error Magnitude value. Find which GCP has the highest Error Magnitude value!
 Once you find it, use the Zoom tools to zoom into the OrbView-3 image until the
pixels appear blocky. With the Select icon active in the main toolbar, click and drag the
GCP 1 marker a few pixels to one of the directions. Continue this process until the
Horizontal Accuracy value is less than 1 meter. Adjusting too many GCP locations
may actually introduce more error; two or three GCPs will suffice.
h. Orthorectify the Image the Output Coordinate System for the orthorectified result should
be left as default: UTM Zone 17N by default.
 Click the Export tab to identify the folder for the image.
 Click Finish to generate the orthorectified image. When processing is complete, the
orthorectified image is displayed and added to the Layer Manager.
 Compare the orthorectified image to the NAIP reference image. The location of roads
and buildings should match between the two layers. The following example shows a
Portal with the orthorectified result overlaid on the NAIP reference image.
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3. Unsupervised and supervised classifications
Purpose of the exercise: In this exercise, you will use the Classification to categorize pixels in an
image into many classes. In the first part of the tutorial, you will perform an unsupervised
classification. Unsupervised classification clusters pixels in a dataset based on statistics only and
does not use defined training classes.
In the second part of the excercise, you will create training data interactively in the dataset and use
it to perform a supervised classification. Supervised classification clusters pixels in a dataset into
classes based on training data that you define. Then you can select the classes that you want
mapped in the output.
Required knowledge:
•

Unsupervised classification is useful for evaluating areas where you have little or no
knowledge of the site. The lack of information about a scene can make the necessary
algorithm decisions difficult. For instance, without knowledge of a scene, a user may have
to experiment with the number of spectral clusters to assign. Each iteration is time
consuming and the final image may be difficult to interpret It can be used as an initial tool
to assess the scene prior to a supervised classification. Unlike supervised classification,
which requires the user to hand select the training sites, the unsupervised classification is
unbiased in its geographical assessment of pixels.In the case of unsupervised classification,
the program will iterate and recalculate the cluster data until it reaches the iteration
threshold designated by the user. Each cluster is chosen by the algorithm and will be
evenly distributed across the spectral range maintained by the pixels in the scene. The
resulting classification image will approximate that which would be produced with the use
of a minimum mean distance classifier. Supervised classification requires some knowledge
about the scene, such as specific vegetative species. Ground truth (field data), or data from
aerial photographs or maps can all be used to identify objects in the scene. The process of
supervised classification:
1. Firstly, acquire satellite data and accompanying metadata. Look for information
regarding platform, projection, resolution, coverage, and, importantly, meteorological
conditions before and during data acquisition.
2. Secondly, chose the surface types to be mapped. Collect ground truth data with
positional accuracy (GPS). These data are used to develop the training classes for the
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discriminant analysis. Ideally, it is best to time the ground truth data collection to
coincide with the satellite passing overhead.
3. Thirdly, begin the classification by performing image post-processing techniques
(corrections, image mosaics, and enhancements). Select pixels in the image that are
representative (and homogeneous) of the object. If GPS field data were collected, georegister the GPS field plots onto the imagery and define the image training sites by
outlining the GPS polygons. A training class contains the sum of points (pixels) or
polygons (clusters of pixels) .
The exercise is based on the ‘Classification tutorial’ of ENVI.
3.1.

Performing Unsupervised Classification

The ISODATA method for unsupervised classification starts by calculating class means evenly
distributed in the data space, then iteratively clusters the remaining pixels using minimum distance
techniques. Each iteration recalculates means and reclassifies pixels with respect to the new
means. This process continues until the percentage of pixels that change classes during an iteration
is less than the change threshold or the maximum number of iterations is reached.
1. Select Classification Workflow.
2. Click Open File, select Phoenix_AZ.tif (download from from the Harris geospatial website
from Classificaion folder), and click Open. This is a QuickBird true-color image.
3. After clicking next, in the The Classification Type panel appears. Here select No Training
Data, which will guide you through the unsupervised classification workflow steps.
4. Click Next. The Unsupervised Classification panel appears. Define the requested numbers
of classes (between 5-10) in the Requested Number of Classes to define. You do not need
to change any default settings on the Advanced tab,
5. click Next to begin classification. When classification is complete, the classified image
loads in the view and the Cleanup panel appears. Cleanup is an optional step, but you will
use it in this exercise to determine if the classification output improves. The cleanup
options are smoothing, which removes speckling, and aggregation, which removes small
regions. Then finish.
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3.2 Supervised classification
In this tutorial, you will use SAM. The SAM method is a spectral classification technique that uses
an n-D angle to match pixels to training data. SAM (Spectral Angle Mapper) is an automated
method for comparing image spectra to individual spectra or to a spectral library (Boardman,
1996; CSES, 1992; Kruse et al., 1993). SAM assumes that the data have been reduced to apparent
reflectance (true reflectance multiplied by some unknown gain factor, controlled by topography
and shadows). The algorithm determines the similarity between two spectra by calculating the
spectral angle between them, treating them as vectors in n-D space, where n is the number of
bands. Smaller angles represent closer matches to the reference spectrum.
Consider a reference spectrum and an unknown spectrum from two-band data. The two different
materials are represented in a 2D scatter plot by a point for each given illumination, or as a line
(vector) for all possible illuminations (figure 8.).

Figure 8: 2D scatter plot
Because SAM uses only the direction of the spectra, not the length, SAM is insensitive to the
unknown gain factor. All possible illuminations are treated equally. Poorly illuminated pixels fall
closer to the origin of the scatter plot. The colour of a material is defined by the direction of its
unit vector. The angle between the vectors is the same, regardless of the length. The length of the
vector relates only to how fully the pixel is illuminated. The SAM algorithm generalizes this
geometric interpretation to n-D space. SAM determines the similarity of an unknown spectrum t to
a reference spectrum r, by applying the following equation (CSES, 1992):

 t  r

  cos

 t  r

1
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which also can be written as:
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where nb equals the number of bands in the image.
The SAM algorithm implemented in ENVI 5.3 takes as input a number of training classes, or
reference spectra from ASCII files, ROIs (Region Of Interest), or spectral libraries. It calculates
the angular distance between each spectrum in the image and the reference spectra or endmembers
in n-dimensions. In our exercise spectral library was used for mineral mapping, and training
classes for vegetation analysis. The result is a classification image showing the best SAM match at
each pixel and a rule image for each endmember showing the actual angular distance in radians
between each spectrum in the image and the reference spectrum. Darker pixels in the rule images
represent smaller spectral angles spectra that are more similar to the reference spectrum.
3.2.1. Supervised classification without ground truth image
In this exercise mineral mapping and related canopy analysis will be carried out on hyperspectral
data of Szárazvölgy will be used.
1. The hyperspectral images of the flotation sludge reservoir are obtained by using a Digital
Airborne Imaging Spectrometer DAIS 7915, in the frame of DLR HySens first Hungarian
hyperspectral flight campaign (21/08/2002). DAIS 7915 sensor is a 79-channel highresolution optical airborne imaging spectrometer and collects information in five blocks of
contiguous channels in the wavelength region of 0,4 to 12,3 µm. The DAIS sensor
recorded spectra at SWIR I,II (1,5-1,8; 2,0-2,5), which was used for the determination of
heavy-metal containing minerals, and the spectrum of VIS/NIR (0,43-1,05) was used for
providing spectral information on uncovered surface and the biomass of the area Canopy
analysis should be carried out in order to classify the differences between vegetation types
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at the Szárazvölgy flotation sludge reservoir. Supervised classification and Spectral Angle
Mapper (SAM) was used to distinguish different minerals.
2. First NDVI image will be created in ENVI. In toolbox, select ‘Vegetation Index
Calculator’ Select channel in 670-680 nm for RED and 720-740 nm for NIR and process
the NDVI classification. NDVI (Normalized Difference Vegetation Index) is necessary in
order to mask the location of the barren spots. In the case of vegetation analysis masking
barren places and surface water is also important, because places with no vegetation
disturb the supervised analysis and places with vegetation disturb mineral mapping. Values
of the NDVI index are calculated from the reflected solar radiation in the near-infrared
(NIR) and red (R) wavelength bands, 580-680 nm, and 730-1100 nm, respectively (Figure
9.). NDVI can be determined using the following formula:
NDVI=(NIR-R)/(NIR+R).

Figure 9: NDVI image of Szárazvölgyi reservoir
Based on the NDVI image the NDVI cross section profile of the first (Northern) reservoir
(out of three) have to be carried out in the West- East direction (figure 10.). The water has
negative NDVI value, while surrounding vegetation has markedly high values.
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Figure 10: NDVI image of Szárazvölgyi reservoir
3. The area with NDVI values lower than 0.3 should be defined as uncovered slopes of the
mine tailings, whereas the surrounding forests, shrubs are represented with an NDVI value
above 0.3 (figure 2.). Based on this image, places covered by vegetation (NDVI<3) and
barren places (0.3>NDVI>0) shall be distinguished and masked. For mask building:
a. Use the ENVI toolbox: select ‘Build Mask’ tool.
b. As an input raster, select the created NDVI image
c. In ‘Mask definition’ window, option tab, select Import Data Range, and select the
created NDVI image. Adjust data min value to 0, Data max value to 0.3. In options,
enable ‘Selected area “On”’ function. Than process it by clicking OK and creating
NDVImask.dat.
4. Using Spectral Angle Mapping In the search field of the Toolbox, type spectral angle.
a. Double-click the Spectral Angle Mapper Classification tool name that appears.
b. In the Classification Input File dialog, select Szarazvolgy.dat but do not click OK
yet.
c.

Click the Spectral Subset button.

d. Click the Clear button to clear the selection list.
e. In this step, you will select bands that encompass characteristic absorption features
of minerals in the range of 1998 to 2437 nanometers.
f. Click the Add Range button, then OK in both the File Spectral Subset dialog and
the Classification Input File dialog.
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g. Click the Spatial Subset button select the NDVI mask, you have created
h. Define Training Data
 The Endmember Collection dialog is used for any classification and mapping
tool that requires you to specify reference spectra. Using the Algorithm menu,
you can apply any classification method to the selected image and reference
spectra. Notice that Spectral Angle Mapper is the selected method under the
Algorithm menu.
 From the Endmember Collection dialog menu bar, select Import > from Spectral
library file. The next dialog lists the individual Spectral libraries that are
available.
 For this exercise, you will just analyze five minerals. Use the Ctrl key on your
keyboard to select classify galena (PbS), goethite (FeO(OH)), jarosite
(KFe3(SO4)2(OH)6),

sphalerite

((Zn,

Fe)S),

pyrite

(FeS2)

from

Minerals_Beckman_3375.sli button, then click OK. (Figure 11.)

Figure 11: USGIS standard curves for galena (PbS), goethite (FeO(OH)), jarosite
(KFe3(SO4)2(OH)6), sphalerite ((Zn, Fe)S), pyrite (FeS2)
 Click the Select All button in the Endmember Collection dialog, then click
Apply.
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With the use of hyperspectral imagery the distribution of pyritic minerals (sphalerite, pyrite
galena) in the area can be defined. Both of the mineral formations occur at the same distribution in
flotation sludge reservoir. According to the results, jarosite and goethit has similar spatial
distribution to sphalerite, galena, but the distribution of jarosite and goethite are not as significant
as pyritic materials. Each rule image represents the spectral angle between the image spectrum and
one reference spectrum. Darker pixels in the rule images represent smaller spectral angles and thus
image spectra that are more similar to the reference spectrum. You can use the rule images for
subsequent classifications using different thresholds to decide which pixels are included in the
SAM classification image (Figure 12).

Figure 12. Spatial distribution of galena (PbS), goethite (FeO(OH)), jarosite (KFe3(SO4)2(OH)6),
sphalerite ((Zn, Fe)S), pyrite (FeS2)
The results showed that hyperspectral remote sensing is an effective tool for the characterization
and modeling the distribution of Pb, Zn and Fe containing minerals at the examined heavy metal
polluted sites.
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3.2.2. Supervised classification with ground truth image
In order to classify the differences between vegetation types at the Szárazvölgy flotation sludge
reservoir supervised classification methods will be used to distinguish 8 vegetation types based on
the spectral properties of the area:
 forest (Quercus sp.),
 young deciduous forest,
 reed (Phragmites sp.) and aquatic plants,
 false indigo (Amorpha fruticosa),
 Australian pine (Pinus nigra),
 shrub – mainly sloe (Prunus spinosa)
 dog rose (Rosa silvestre),
 blackberry (Rubus caesius),
1. Analyze the spectral properties of the training sites,( the ROI files) provided for each
vegetation type (figure 13.).
a. Open szarazvolgywarp.dat
b. Open the provided ROI files and load on the image
c. Right click on the ‘Region Of Interest’ in the ‘Licence manager’ and enable
‘Statistics for All ROIs’. ROI statistics appears

Figure 13: Reflectance curves of training sites
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d. Describe the similarities among the spectral features. Explain the reason for the
similarities.
e. Describe the differences among the spectral features. Explain the possible
reasons for the differences.
f. Some vegetation types, mainly common reed, blackberry and shrub types are
sorely similar regarding their spectral features, so that in the case of
classification stricter thresholds are needed to avoid inappropriate classification
and overlapping between classes.
2. Use SAM supervised classification methods for classification as it was described in chapter
3.2.1.. Results should be similar to the following figure 14.

Figure 14. The examined site with training data and the classification image
3. Compare the classification result to the ground truth image in order to know the accuracy
of the classification. The provided ground truth image and training sites are based on
ortophoto, topographic map, and GPS based field data collection.
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Figure 15. The classification image and the ground truth image
4. Accuracy assessment means the correctness or reliability in the data. Error is inherent in all
remote sensing data. It is important to establish an acceptable level of error and to work
within the resolution of the image. Working within the means of the resolution of an image
is important for maintaining the desired accuracy. Attempting to extract information from
an image for which objects are not clearly resolvable will likely lead to incorrect
assumptions
a. Express the accuracy of classification by overall accuracy and Kappa index. Kappa
index is more precise to evaluate the accuracy, therefore only these values are
represented. Use ‘Classification’ tool, ‘Post Classification’, Confusion Matrix
Using Ground Truth Image’
b. At the same time Kappa index represent the whole classification accuracy but not
the accuracies of classification of each classes. Accuracy can be qualitatively
determined by an error matrix . The matrix establishes the level of errors due to
omission (exclusion error), commission (inclusion error). The error matrix lists the
number of pixels found within a given class. The rows in Table list the pixels
classified by the image software. The columns list the number of pixels in the
reference data (or reported from field data).. In order to solve this problem two
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kinds of accuracy indices, producer accuracy index (omission) and user accuracy
index (commission) should be used to measure the classification accuracy of one
class. Omission error calculates the probability of a pixel being accurately
classified; it is a comparison to a reference. Commission determines the probability
that a pixel represents the class for which it has been assigned.
c. Fill the following table 2 with the accuracy results
Table 2: Results of classification for each group
Classes

Omission (Producer

Comission (User

accuracy %)

accuracy %)

Australian pine
False indigo
Low biomass
Shrub
Common reed
Blackberries
Oak forest
Young deciduous forest
d. Analyze the results! How the heterogeneity of the vegetation at the examined site
corresponds to the overall accuracy?
e. How inhomogeneity affects the value of omission and comission for low biomass,
shrub, blackberries?
f. Which vegetation type resulted the best? Why?
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4. Thermography in agricultural use – an example
Purpose of the exercise:
Based on the temperature conditions, applicability of the thermography will be evaluated for
detecting the stress symptoms of the apple fruit caused water stress. The thermographic
measurements were performed on solitary apple trees. During the thermography exercise, the heat
budget characteristic of the irrigated and non-irrigated apple trees will be studied by learning how
to apply thermocamera. Based on the temperature conditions, applicability of the thermography
can be evaluated for detecting the stress symptoms of the apple fruit caused water stress.
Required knowledge:
It is acknowledge that if the water supply of plant is uninterrupted, the temperature of the plant is
near to the air temperature or directly under it. The different values suggest disruption in water
supply of the plant. Relying upon mentioned, from the plant temperature and the derived water
stress index (CWSI = Crop Water Stress Index) should be appropriate for quantifying the effects
of drought stress as well. The indices can be divided into two categories: theoretically to the heat
budget of the leaf (Jackson et al., 1981), and to the empirical indices (Idso et al. 1981). The index,
found by temperature differences, is to be set the connected limit to define the water shortage
condition of the plant. The water supply problem limit in CWSI range from 0.2 to 0.3, as if the
CWSI is greater than 0.3, the growth rate decreases. However, the too high humidity content can
modify the development of the plant and air temperature difference by influencing the
transpiration intensity, particularly in relation to the originally formulated amount of soil moisture
content concerning information (Wanjura and Upchurch 1997). High humidity reduces the
transpiration, making the plant temperature - regardless of soil moisture-increase. Beside foliage
apple fruits can also be affected by heat stress.
1. The thermographic images were made HEXIUM PYROLATER 12 thermocamera- (Fig.
16).
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Figure 16. HEXIUM PYROLATER-17 thermocamera and its image in an orchard
2. Process the recorded images with self-software of the thermocamera. With the use of the
software, you can record and save the temperature scale as well. The temperature range
can be set in the software which best characterizes the temperature of the surface
(Similarly in Figure. 17).

Figure 17. Thermographic images of apple tree canopies
3. Export the thermographic image in tiff.
4. Import data in TerrSet, where use histogram function where the vegetation characteristic
temperature means and standard deviation, minimum, maximum can be calculated based
on the temperature histograms of the individual raster images.
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5. Calculate CWSI by raster calculator. CWSI images were then calculated on these raster
images based on JONES et al., (2002):

CWSI 

Tc  T w
Td  T w

where:
Td: Foliage maximum reference temperature (minimum transpiration)
Tw: Foliage minimum reference temperature (maximum transpiration)
Tc: actual temperature values for each pixel.
6. Evaluate the temperature of of foliage, trunk and fruit increase parallel with the air
temperature.
7. Evaluate the role of thermography and CWSI in stress analyses of orchards.
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