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Foreword

Tropical countries require information about forest biomass for successful implementation of  
climate change mitigation policies related to Reducing Emissions from Deforestation and Forest 
Degradation Plus (REDD+). The implementation of  REDD+ requires effective forest carbon and 
forest change monitoring systems that provide consistent results, meet mapping accuracy standards, 
and can be reproduced and implemented at national levels (DeFries et al. 2007). Remote sensing (RS) 
is valuable tool for generating earth resource information requirements such as forest cover change 
monitoring and credible forest carbon stocks estimation. In the absence of  historical forest inventory 
data, RS can also provide historical information on forests given available temporal satellite imagery. 
Information on land cover and forest resources make use of  remotely-sensed images obtained from 
optical and synthetic aperture radar (SAR) systems. Severe and frequent cloud cover coupled with 
inclement weather conditions, however, renders optical sensors ineffective for periodic usage as in 
the case of  forest monitoring or change detection. 

The Deutsche Gesellschaft für Internationale Zusammenarbeit (GIZ), in collaboration with the 
Department of  Environment and Natural Resources Forest Management Bureau (DENR-FMB), 
is implementing the project “Climate-relevant Modernization of  Forest Policy and Piloting of  
REDD in the Philippines” with funding from the International Climate Initiative of  the German 
Federal Ministry for the Environment, Nature Conservation and Nuclear Safety (BMU). The Project 
supports the implementation of  the Philippine National REDD-Plus Strategy (PNRPS) with, inter 
alia, capacity building on measuring, reporting, verification (MRV) for REDD+, using satellite 
imagery for forest and land use change analysis.

In collaboration with the University of  the Philippines Diliman and Fauna & Flora International (FFI), 
the Project organized a training workshop on synthetic aperture radar image processing for forest 
cover classification and change detection in support of  REDD+ MRV development on February 
8-10, 2012, at the JICAnet Laboratory of  the National Engineering Center, UP Diliman. The main 
objective of  the training was to build and strengthen capacities of  individuals and various institutions 
on the utilization and application of  SAR systems, specifically ALOS-PALSAR data, for forest cover 
classification and change detection. Thirty four (34) participants joined the training workshop, which 
included representatives from government agencies, non-government organizations, academic and 
research institutions, and funding agencies.

This training workshop built on a previous remote sensing training conducted on April 2011 by 
involving the same participants to ensure continuity of  learning and skills development on radar 
image processing and analysis. It also complements and supports the initiatives on REDD+ MRV 
development at the three REDD+ demonstration sites in the country, particularly at: (1) Gen. Nakar, 
province of  Quezon; (2) Southern Leyte province; and (3) Victoria-Anepahan mountains, province 
of  Palawan.

It was also conceptualized as a result of  the collaboration with Japan Aerospace Exploration Agency 
(JAXA) through their ALOS Kyoto & Carbon Initiative, in which JAXA provides access to ALOS-
PALSAR mosaic imageries to support the development of  forest baseline maps required for identified 
REDD+ sub-national demonstration areas. The partnership is based on an agreement of  GIZ with 
JAXA and being implemented in a collaborative effort involving GIZ, FFI, UP-DGE, NAMRIA, 
and FMB-DENR. 

This manual, which served as a guide for the participants of  the said workshop, was consolidated 
in close collaboration with FFI and UP-DGE. We hope that this will become a useful and effective 
guide for Geographic Information System (GIS) / Remote Sensing (RS) personnel, aiming to use 
free radar imagery such as the ALOS PALSAR 50m mosaic images.

         
         Dr. Bernd-Markus Liss
         GIZ Principal Advisor
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Data Requirements
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Data Requirements 
 

ALOS PALSAR 50-meter Mosaic 

The ALOS PALSAR 50meter mosaic images used in this manual are downloadable from the website of 
Japan Aerospace Exploration Agency (JAXA) thru the following links:  

- http://www.eorc.jaxa.jp/ALOS/en/kc_mosaic/kc_mosaic.htm. 
- http://www.eorc.jaxa.jp/ALOS/en/kc_mosaic/kc_map_50.htm 

 

How to Download 

1. Open a browser and go to the K&C Mosaic Homepage 
(http://www.eorc.jaxa.jp/ALOS/en/kc_mosaic/kc_map_50.htm). Move your cursor to the 
Philippines, marked (5) and click on it. 
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2. You will be brought to the PALSAR 50m Orthorectified Mosaic Product for the Philippines. Notice 
that the Philippines is composed of 4 tiles. In this manual, Leyte Island is the area of interest so 
tile A03 will be required. Click on the said tile. 

 

3. Three files are available for Tile A03. Click on the FTP buttons to download the files you need.  
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Software Requirements and 
Prerequisites for Users

ALOS PALSAR Data Pre-processing and Image Interpretation • Speckle Suppression 
in SAR Images • Supervised Classification
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Software Requirements and Prerequisites for Users 
 

ENVI© software and the open source tool Map Ready v.2.3.17 (downloadable from 
http://www.asf.alaska.edu/downloads/software_tools) were used to apply the processing steps 
found in this manual. The users of this manual are assumed to be familiar with Remote Sensing (RS) 
softwares such as ENVI and it is an advantage if they are also knowledgeable with RS concepts, 
specifically on Radar RS. 
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A. ALOS PALSAR Data Pre-processing and Image Interpretation 
 

Introduction 
 
For this training, the ALOS PALSAR 50m mosaic data set will be examined for forest cover and 
change detection applications and development of operational national REDD+ MRV systems. 
ALOS (Advanced Land Observing Satellite) is a Japanese Earth observing satellite program mainly 
used for land observation following the Japanese Earth Resources Satellite-1 (JERS-1) and the 
Advanced Earth Observing Satellite (ADEOS). ALOS has three remote sensing instruments: the 
Panchromatic Remote-sensing Instrument for Stereo Mapping (PRISM) for digital elevation 
mapping, the Advanced Visible and Near Infrared Radiometer type 2 (AVNIR-2) for precise land 
coverage observation, and the Phased Array type L-band Synthetic Aperture Radar (PALSAR) for 
day-and-night and all-weather land observation. PALSAR is an active microwave sensor using the 
L-band frequency. It provides higher performance than the JERS-1's synthetic aperture radar 
(SAR). The development of the PALSAR is a joint project between JAXA and the Japan Resources 
Observation System Organization (JAROS). 

 
Objectives 

1. Introduce basic pre-processing and interpretation concepts particular to ALOS PALSAR image 
data 

2. Become familiar with ENVI Processing Tools useful for radar remote sensing data 

Tools and Materials 

1. ALOS PALSAR 50m Mosaic image of Leyte (2007) 
2. SRTM DEM of Leyte 
3. Leyte boundary Shapefiles 
4. ASF MapReady: Version 2.3.17 
5. ENVI 4.3 Software 

 

A.1. Conversion of raw ALOS PALSAR mosaic image into GeoTIFF 
 

The ALOS PALSAR image to be used in this exercise is a 50m orthorectified mosaic product provided 
by EORC/JAXA free of charge for research and educational purposes. It can be downloaded from 
http://www.eorc.jaxa.jp/ALOS/en/kc_mosaic/kc_50_philippine.htm#a03. In order for us to import 
and process it using ENVI, we need to geocode and convert it to GeoTIFF using ASF MapReady. ASF 
MapReady is a remote sensing toolkit developed by the Alaska Satellite Facility which provides 
processing capabilities for conversion of operationally-produced synthetic aperture radar (SAR) and 
optical data to a variety of user friendly formats ready for additional processing, viewing, or 
utilization in GIS software. 
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1. Open ASF MapReady. On the Input Files section of the ASF MapReady window, choose ALOS 
mosaic on the dropdown button and browse to the location of the header files for both HH and 
HV images (Figure 1). Set the settings under the General tab as shown in Figure 1. 

 

 
Figure 1: ASF MapReady window.

2. Change also the settings under the Import Settings, Geocode and Export Settings tabs as shown 
in Figure 2.  



ALOS PALSAR 50-meter Mosaic Step-by-step Processing Manual on Forest Cover Classification

16

 

 
Figure 2: MapReady settings.

3. Choose a destination folder for the output GeoTIFF images and then hit the Process All button. 
4. If the processing is successful, the status under the Completed files window should look like that 

of Figure 3. Note: You can also view the generated files using ASF View 3.2. 

 
Figure 3: Window showing successful processing. 
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A.2. Spatial Subset 
 

In order for us to focus our analysis to our specific area of interest (in this case Leyte), we need to do 
spatial subsetting. This will be done using ENVI (Environment for Visualizing Images) software. 

1. Open ENVI. Load the GeoTIFF output images (HH and HV) from step 1. [File  Open Image File]. 
Browse to the location of the images. 

2. On the available bands list dialog that appears, select one image/band (HH) and then click the 
Load Band button (Figure 4). The resulting displays (Image, Scroll and Zoom) are shown in Fig. 5. 

                         
                      Figure 4: Available Bands List dialog.                   Figure 5: Image, Scroll and Zoom displays of the HH image. 

3. Overlay the leyteEXTENT.shp shapefile in the image. [Overlay  Vectors]. The Vector Parameter 
window will appear (Figure 6). Click File  Open Vector File.  

 Figure 6: Vector Parameter window.
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4. Change the file extension to .shp and browse to the 

location of the leyteEXTENT.shp file. The Import 
Vector Files Parameters window will appear (Figure 
7). This will allow us to convert the .shp file into .evf 
(ENVI vector file) and set its parameters. Follow the 
settings shown in the figure to the right.  

 
 
 
 
 
 
 
5. When you click the OK button, a rectangular bounding 

box is overlayed in the image (red box shown in Figure 
8). This box defines the extent of our area of interest.

6. To subset the image using the red 
bounding box (leyteEXTENT.shp), 
select Basic Tools  Resize Data 
Spatial/Spectral). The Resize Data 
Input File dialog (Figure 9) will appear. 
Select the HH image under the Select 
Input File then click on Spatial Subset.  

 
Figure 9: Resize Data Input File window.

Figure 7: Subset ALOS PALSAR 
image (HV) showing the province of 

Leyte, Philippines.

Figure 8: leyteEXTENT.shp shapefile 
overlayed into the ALOS PALSAR HH 
image.
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7. On the Select Spatial Subset dialog that appears 
(Figure 10), click on the ROI/EVF button then select 
the leyteEXTENT.shp file under Select Regions then 
click OK. Click also the OK button on the Resize Data 
Input File window. 
 

8. The Resize Data Parameters dialog will appear. 
Change the resampling method to cubic convolution 
then specify the filename and directory where you 
want to save the subset image.  

 
9. The subset image will appear in the Available Bands 

List dialog. Display the image in another display. 
Figure 9 shows the subset image corresponding to 
Leyte province. 

10. Do the same for the HV image (Figure 10).  

A.3. SRTM DEM Pre-processing (Projection and Resampling) 
 

The SRTM DEM is a 90 m elevation data obtained by the Shuttle Radar Topography Mission on a 
near-global scale to generate the most complete high-resolution digital topographic database of 
Earth. SRTM consisted of a specially modified radar system that flew onboard the Space Shuttle 
Endeavour during an 11-day mission in February of 2000. 
 

Figure 10: Select Spatial Subset dialog.

Figure 9: Subset ALOS PALSAR 
image (HH) showing the province of 

Leyte, Philippines.

Figure 10: Subset ALOS PALSAR 
image (HV) showing the province of 

Leyte, Philippines.
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SRTM is an international project spearheaded by the National 
Geospatial-Intelligence Agency (NGA) and the National 
Aeronautics and Space Administration (NASA). The DEM 
datasets are freely available for download from 
http://dds.cr.usgs.gov/srtm/version2_1/SRTM3/Eurasia/. 
This will be used in the subsequent processing of the ALOS 
PALSAR image. 
 
 
1. Open the individual DEM (.hgt files) in ENVI. [File  

Open External File  Digital Elevation  SRTM DEM]. 
Browse to the location of the N09E124.hgt file. In the 
pop-up window that appears, click yes. Do this for all the 
.hgt files in your dataset folder. All in all there are ten 
.hgt individual files comprising the extent of our area of 
interest (Leyte). A sample resulting SRTM DEM (for 
N09E124.hgt) is shown in Figure 11. 

 
 

2. The individual DEMs need to be mosaicked together. In the main menu, [Basic Tools  
Mosaicking  Georeferenced]. In the window that appears, click [Import  Import Files]. In 
the Mosaic Input Files dialog box, select all the DEMs by holding the shift keyboard key then hit 
on the OK button. The Mosaic window should look like Figure 12. Click on [File  Apply] to 
apply the mosaicking. Name you mosaicked image Leyte_SRTM_dem (Figure 13). 
 

Figure 11: Sample SRTM DEM.

Figure 12: Individual DEMs 
mosaicked together.

Figure 13: Resulting mosaicked 
image.
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3. Project the SRTM DEM image from WGS84 to WGS84 UTM Zone 51 North. In the main menu, 
[Map  Convert Map Projection]. Select the Leyte_SRTM_dem file then press OK. In the 
Convert Map Projections Parameters dialog box, click on Change Proj and follow the settings 
shown in Figure14. Output the result to File and name it Leyte_SRTM_dem_UTM51N. 
 

 
 
4. Resample the Leyte_SRTM_dem_UTM51N (with 90m spatial resolution) to 50m to match that of 

the PALSAR image. In the main menu, [Basic Tools  Resize Data (Spatial/Spectral)]. Select 
Leyte_SRTM_dem_UTM51N then click OK. On the subsequent window, click on Set Output Dims 
by Pixel Size and change both the X and Y pixel sizes to 50m. Set the resampling method to 
bilinear and output the result to file and name it Leyte_SRTM_dem_UTM51N_50. 

 
 

A.4. Extracting Slope and Aspect from the SRTM DEM 

1. In the main menu, [Topographic  Topographic Modeling]. 
Choose the Leyte_SRTM_dem_UTM51N_50 image as the input 
file. 
 

2. On the Topo Model Parameters window, select “slope” and 
“aspect”. Output the result to file and name it 
Leyte_SRTM_dem_UTM51N_50_SlopeAspect (Figure 15). 
 
 
 
 
 

Figure 14: Changing the Map Projection of the SRTM DEM.

Figure 15: Slope and Aspect extraction from the SRTM DEM.
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A.5. Image Co-registration 
 
1. Load the “aspect” band of the Leyte_SRTM_dem_UTM51N_50_SlopeAspect image (Figure 16).  

 
 
2. Load also the resulting subset ALOS PALSAR image (e.g. HH polarization) of Step 2. 
 
3. Co-register the two images. In the main menu, [Map  Registration  Select GCPs: Image to 

Image]. In the Image to Image Registration dialog that appears, select as base image the display 
# where the aspect image is displayed. Also, select as warp image the display # where the subset 
ALOS PALSAR image is displayed.  

 
4. Select Ground Control Points (GCPs) in the Base and Warp images. Point the cross hair pointer to 

the location of the GCPs in both the base and warp images and click on add point in the Ground 
Control Points selection dialog (Figure 17).  

 

 

Figure 16: Aspect image of the SRTM DEM. 

Figure 17: GCP selection. 
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5. Choose at least 10 GCPs making sure that they are evenly distributed around the Leyte area of 
the image. Figure 18 shows a possible distribution of GCPs. 

 

  
 
6.  If you are satisfied with your selected GCPs (make sure that the RMS error is less than 1), save 

the GCPs [Ground Control Point Selection window  File  Save GCPs to ASCII] and warp the 
image [Ground Control Point Selection window  Options  Warp Displayed Band]. Select 
Polynomial with Degree 1 as the warping method and Bilinear as the resampling method. Output 
result to file and name it 2007HH for the HH polarization image. Repeat Step 5: Image Co-
registration for the HV polarization image and save it as 2007HV.  

 

A.6. Contrast Stretching (Square-Root) 
 
Radar data typically cover a large range of data values. The default linear stretches do not do a very 
good job of contrast enhancing most radar images. ENVI's square-root stretch provides a means of 
spreading radar data out better over a given range of grayscales than other types of stretches, thus 
permitting improved display of Radar images. Square-Root Stretch the ALOS PALSAR image. 
Compare this to a simple Linear 2% stretch. 
 
1. Load the resulting co-registered PALSAR image (e.g. 2007HH). In the image window, [Enhance  

Square Root]. The stretch will be applied to the data based on the statistics of the data in the 
Image Display window. Display the same PALSAR image in a new display window then apply a 
Linear 2% stretch, [Enhance  Linear 2%]. Link the two resulting images using [Tools  Link  
Link Displays]. Click and drag using the left mouse button to compare the two images using the 
dynamic overlay. Something to think about:  Why does a linear stretch do not display a radar 
image in a good contrast as compared to the square root stretch? Try the other image 
enhancement (stretches) available. 

 

Figure 18: GCP distribution. 
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A.7. Edge Enhancement 
 

A Laplacian Filter can be used to enhance edges in SAR data and other data types. This is a 
convolution filter with a kernel (for a 5 x 5 filter) of: 
 

 
 
 

1. Close all windows from the Step 6 and load again the co-registered PALSAR image. 
2. From the Image display window, select [Enhance  Filter  Median [5x5]]. This will apply a 5x5 

median filter to the PALSAR image. 
3. In the ENVI Main Menu, select [Filter  Convolutions and Morphology]. In the Convolutions 

and Morphology Tool window, select [Convolutions  Laplacian] (Figure 19. 
 

 
 

4. Click Quick Apply and choose the co-registered PALSAR image. This will display the Laplacian 
filtered PALSAR image. 

5. Again, in the Convolutions and Morphology Tool, change the add back value to 90 and click on 
Quick Apply.  

6. Compare the results of (2), (4) and (5) with the original ALOS PALSAR image. What does the 
image add back value mean? 

7. Try the different filtering algorithms available. What do these algorithms do to the image? For 
what purposes are they applicable? 

  

Figure 19: Applying a 5x5 
Laplacian Filter. 
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B. Speckle Suppression in SAR Images 
 

Introduction 
 
Speckle is a scattering phenomenon and not a noise. However, from the SAR image processing point 
of view, the speckle can be modeled as multiplicative noise for extended target. Adaptive filters are 
used to reduce the speckle in a radar image while preserving the texture information. Statistics are 
calculated for each kernel and used as input into the filter, allowing the filter to adapt to different 
textures within the image.  
 
Objectives 
 

1. Examine the dynamic range of radar images and its distribution using image statistics 
2. Characterize the effect of speckle in radar images and treat them accordingly 
3. Apply different adaptive filtering techniques in reducing radar image speckle 

Tools and Materials 
 

1. ALOS PALSAR 50m Mosaic image of Leyte (2007) 
2. Leyte boundary shapefile 
3. ENVI 4.3 Software 
4. Spreadsheet software (Microsoft Excel or Open Office Calc) 

 

A.  

B.  

B.1.Antenna Pattern Correction 

Radar images typically have a variation in gain across the range 
direction due to the instrument’s antenna gain pattern. ENVI’s 
Antenna Pattern Correction removes this gain variation. ENVI can 
calculate and plot azimuth mean values to show the mean variation 
in the range direction. A polynomial function, with a user-defined 
order, is fit to the means and used to remove the gain variation. You 
can select either an additive or multiplicative correction. 

1. Open the resulting co-registered PALSAR image (e.g. 2007HH) 
from the previous exercise.  

 

2. Overlay the boundary shapefile of Leyte (leyteEXTENTv2.shp) 
(Figure 1). From the image menu bar, select [Overlay  
Vectors]. The Vector Parameters window appears. Open the 

Figure 4: Leyte boundary.
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leyteEXTENTv2.shp using [File  Open Vector File]. 

 

3. Mask out the Leyte area only. In the main menu bar, [Basic Tools  Masking  Build mask]. On 
the Mask Definition window, select [Options  Import EVFs] then select the leyteEXTENTv2.shp 
file. Also, under the Options menu, make sure that the “Select Areas ON” is checked. Output 
result to file and name it Leyte_mask. The resulting masked image should look like Figure 2. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

4. From the ENVI main menu bar, select [Radar  Antenna Pattern Correction]. Select the 
2007HH image and perform masking by specifying the Leyte_mask image in Select Mask Band. 
The Antenna Pattern Correction Parameters dialog and an Antenna Pattern Correction plot 
appear. The plot shows the mean data values in red with the selected polynomial fit overlaid in 
white (Figure 3). 

5. In the Antenna Pattern Correction Parameters dialog, select a Range Direction of Samples. 
6. Select a Correction Method of Multiplicative. Typically, a multiplicative correction is used for 

radar antenna pattern variations. 
7. Enter the Polynomial Order and click Plot Polynomial. You can change the polynomial order and 

plot it again. It is best to use a low order polynomial so as not to remove the local variation in 
backscatter signal. The Antenna Pattern Correction plot menu bar is not active until you close 
the Antenna Pattern Correction Parameters dialog. 

8. Output the result to file and name it 2007HH_sam. 
9. Repeat Step 1 for the HV image. 

B.2.Speckle Filtering 

Lee Filter: The Lee filter smoothens speckled data that have an intensity related to the image scene 
and that also have an additive and/or multiplicative component. Lee filtering is a standard deviation 
based (sigma) filter that filters data based on statistics calculated within individual filter windows. 

1. From the ENVI main menu window, select [Radar  Adaptive Filters  Lee]. Select the input 
file. 

Figure 2: Masked image.

Figure 3: Antenna Pattern 
Correction Plot.
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2. In the Lee Filter Parameter window, set the following parameters (Figure 4): 

 

 

3. Output result to file and name it 2007HH_sam_Lee. 

Kuan Filter: The Kuan filter transforms the multiplicative noise model into an additive noise model. 
This filter is similar to the Lee filter but uses a different weighting function. 

1. From the ENVI main menu window, select [Radar  Adaptive Filte        
2. Use also a 5x5 filter size and output the result to file naming it 2007HH_sam_Kuan. 

Frost Filter: The Frost filter uses an exponentially damped circularly symmetric filter that uses local 
statistics. The pixel being filtered is replaced with a value calculated based on the distance from the 
filter center, the damping factor, and the local variance. 

1. From the ENVI main menu window, select [Radar  Adaptive Filt       
file. 

2. Use also a 5x5 filter size and output the result to file naming it 2007HH_sam_Kuan. 
3. The Damping Factor determines the amount of exponential damping and the default value 

of 1 is sufficient for most radar images. Larger damping values preserve edges better but 
smooth less, and smaller values smooth more. A damping value of 0 results in the same 
output as a low pass filter. Use the default damping factor. 

4. Output result to file and name it 2007HH_sam_Frost. 

a) Display all three filtered images in separate display window.  
b) Compare the resulting images. Use Link displays for better comparison.  
c) How does the adaptive filters suppress speckle in the following land cover type present in the 

image? (a) sea; (b) forest; (c) urban? 
d) Create a summary matrix indicating the effects as follows: 

 

Figure 4: Lee Filter Parameter 
window.
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 Lee Kuan Frost 
Sea    
Forest    
Urban    

Include small subsets of portions of the image to illustrate your points/descriptions. 

Use of Enhanced Filters: 

1. Repeat the procedures above using the same window/filter size but this time using the following 
filters: 
a. Enhanced Lee: The Enhanced Lee filter is an adaptation of the Lee filter and similarly uses 

local statistics (coefficient of variation) within individual filter windows.  
b. Enhanced Frost: The Enhanced Frost is an adaptation of the Frost filter and similarly uses 

local statistics (coefficient of variation) within individual filter windows. Again, it makes use 
of the concept of Damping factor similar to Frost and Enhanced Lee. 

2. Use the default settings for the parameters. 
3. Output result to file and name them 2007HH_sam_EnhancedLee and 

2007HH_sam_EnhancedFrost, respectively. 
4. Extend the summary matrix you created above by including the enhanced Lee and Enhanced 

Frost filters. Emphasize the differences in appearance between the use of ordinary Lee and Frost 
filters with those of their enhanced versions. 

5. Why is there no Enhance Kuan Filter? 
6. What is the full-range of the SAR image? In what data type and bit level is it stored in? If any, 

what is the advantage of a high radiometric resolution in doing the filtering? 
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C. Supervised Classification 
 
Tools and Materials 
 

1. ALOS PALSAR Antenna Corrected Image 
2. FRA datasets (Forest_Plots.evf) 
3. ENVI 4.3 Software 

 

C.  

C.1. Conversion from Amplitude Data to 
Normalized Radar Cross Section 

 
Implement the following formula in band math 
(Almeidha-Filho et al. 2009) 

 
where DN is digital number, CF is calibration 

factor, and CF = - 83.0 dB. 
 
 

1. Load the 2007HH_sam. In the main menu bar, 
[Basic Tools  Band Math]. The Band Math 
dialogue appears. 

 
 
2. Type the following in “Enter an Expression”: 

(10*(alog((b1^2)))-83) 
 
 
3. Click OK. The Variables to Bands Pairings window 

will appear. Highlight B1 in the “Variables used in 
expression” , and select in the “Available Band 
List” the 2007HH_sam band. 

 
 
 
4. Select Output to File. Choose a destination folder 

and name the file 2007HH_sam_norm. 
 

 
5. Repeat the same procedure to the 2007HV_sam 

band. Name the output files 2007HV_sam_norm. 
  



ALOS PALSAR 50-meter Mosaic Step-by-step Processing Manual on Forest Cover Classification

30

 

6. Create another expression in Band Math. 
[Basic Tools  Band Math]. Type the 
following expression in the Enter an 
Expression: b1/b2. Press OK. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
7. The Variables to Bands Pairings will appear. 

Highlight B1-[undefined] then select 
2007HH_sam_norm. Highlight B2 – 
[undefined] then select 2007HV_sam_norm. 

 

 

8. Output to file and save it as: 
2007HHdivHV_norm. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

C.2. Perform Layer Stacking: 
 
1. In the main menu bar, [Map  Layer Stacking]. The Layer Stacking Parameter window appears. 

Click on Import File. 
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2. The Layer Stacking Input File window will appear. Select the 3 bands to layer stack: 
a. 2007HH_sam_norm 
b. 2007HV_sam_norm 
c. 2007HHdivHV_norm 

 
3. Set the following parameters: 
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4. Select Output to File. Choose a destination folder and name of the file. Name the output file 
2007HH_HV_HHdivHV_sam_norm.  

C.3. Computing the Incidence Angle Image 
1. Load the 

Leyte_SRTM_dem_UTM51N_50_SlopeAspect 
image. In the main menu bar, select [Basic Tools  
Band Math]. The Band Math dialogue appears. 
 
2. Type the following in “Enter an 

Expression”: 
(cos(34.3)*cos(b1))+(sin(34.3)*sin(b1)*cos(188.16-

b2)) 
 

3. Click OK.  
 
 

4. The Variables to Bands Pairings window 
appear. Highlight B1 in the “Variables used in 
expression” , and select in the “Available Band List” 

the Slope band from the Leyte_SRTM_dem_UTM51N_50_SlopeAspect image. Next, highlight 
B2, and click Aspect  band from the same file.  
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5. Select Output to File. Choose a destination folder and name of the file. Name the output file 
IncidenceAngle. 

 

C.4. Image Slope/Incidence Angle Correction 
 
Implement the following formula in band math (G. Sun et al., 2002) 

 

 
 
1. Load the IncidenceAngle image, the 

2007HH_HV_HHdivHV_sam_norm image and the 
Leyte_SRTM_dem_UTM51N_50_SlopeAspect 
image. In the main menu bar, select [Basic Tools 
 Band Math]. The Band Math dialogue will 
appear. 

  
 
 
 
 
 
 
 
 
2. Type the following in “Enter an Expression”: 

b1/((b2)^2+b3) 
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3. Click OK. The Variables to Bands Pairings window appear. Highlight B1 in the “Variables used in 
expression” , and click “Map Variable to Input File” and select the HH Layer of the 
2007HH_HV_HHdivHV_sam_norm image . Next, highlight B2, and click the incidence angle 
image. Finally, highlight B3, and click Slope band from the 
Leyte_SRTM_dem_UTM51N_50_SlopeAspect image. Do this for the other Layers (HH and 
HHdivHV) of the 2007HH_HV_HHdivHV_sam_norm image. 

4. Select Output to File. Choose a destination folder and name of the file. Name the output file 
2007HH_sam_norm_slopecorr, 2007HV_sam_norm_slopecorr, 
2007HHdivHV_sam_norm_slopecorr. 

5. Perform Layer Stacking to stack the three images (2007HH_sam_norm_slopecorr, 
2007HV_sam_norm_slopecorr, 2007HHdivHV_sam_norm_slopecorr) together. Name the 
output image 2007HH_HV_HHdivHV_sam_norm_slopecorr. 

 

C.5. Image Classification 
 
1. Load the 2007HH_HV_HHdivHV_sam_norm_slopecorr image. [File  Open Image File] Browse 

to the location of the file. 
2. Display the image as a color composite. See Figure below. 

 
3. Overlay the FRA (Forest Resource Inventory) 

datasets Forest_Plots.evf. [Overlay  
Vectors]. In the Vector Parameters window, 
select [File  Open Vector File  
Forest_Plots.evf]. Click Apply. 

Click 1 
Click 2 
Click 3 

Make sure this is selected!!! 
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The resulting image should look like this: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4. Create training areas for classification. [Basic Tools  Region of Interest  ROI tool]. The ROI 

Tool window will appear as shown below. 
 

 
 

5. Now, we will delineate training areas 
for water. In the ROI Tool window, click on 
the Region #1 cell until it is highlighted. 
Change the name to water by typing “water”. 
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6. Right-click on the cell under color (the one with the work “Red” in it) and choose Colors 1-20  
Cyan. This will change the color from red to cyan. 

 

 
 
7. Change ROI Type to polygon. 
 
 
 
 
 
 
8. In the scroll window, delineate water bodies by creating a polygon. Click on the part of the 

image where you think it is a water body to delineate one point, then click to next point, then to 
the next, until you have created a polygon. Right-click to close the polygon and right-click again 
to finalize the polygon creation.  
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9. Make several training samples. 
 
 
 
 
 

 
 
10. In the ROI Tool, click Add Region and change the name to 

forest and color to green. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
11.  Now, we will delineate forest cover using the FRA plots (Forest_Plots.evf). 
12. First, turn off the ROI Tool and the Vector Parameters cursor. 
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13.  On the Scroll Window, move the red rectangular 
box on the location of the FRA plots. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
14. Do the same on the Image Window.  

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
15. In the Zoom Window, zoom in to one plot by clicking on 

the + symbol on the bottom left corner. Now, you can see 
in detail the configuration of the FRA plots. 
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16. Turn the radio button on the ROI Tool to Zoom and highlight the forest row. 
 

 
 
17. Change the ROI Type to Point. [ROI_Type  Point]. 
 
18. On the Zoom Window, click on each cross-hair corresponding to one Forest Plot location to 

delineate it sa Forest in the ROI Tool. After clicking, it will be highlighted with a green box. 
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19. Do the same for all the FRA plots.  
 

 
 
20. Now, its time to classify the image.  
21. In the main ENVI menu, select [Classification  Supervised  Maximum Likelihood]. Select the 

Input file and click OK. 
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22. In the Maximum Likelihood Parameters Window, follow the following settings then click OK. 
Output result to file and choose a filename. 

 

 
 
 
23. The following is the resulting classified image. Try other classification algorithms under 

[Classification  Supervised]. 
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