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Abstract 
 
Nowadays, multiple sources of new data have been created. Almost every year, the remote sensing 
products present new data types or formats. Therefore, the multispectral, pancromatic, hyperspectral 
and radar images have provided a valuable source of data to be used in the analysis of different 
phenomena that happened in the Earth surface. Then, new challengers have come for the processing 
tools and analysis methods with all this information volume. At the beginning, using the spectral 
characteristics of the images, techniques like information enhancement and extraction were 
developed. More recently, combination or fusion of different remote sensing sources has started 
creating much more interpretable products. 
 
This wok explains some data fusion techniques and the products obtained from they. It is emphasized 
in how should be prepared the primary data and the advantages of fusion techniques over the 
conventional ways. The techniques showed are based in methods at pixel scale and have as 
objectives: enhance the interpretability, increase the spatial resolution and take advantage of certain 
possibilities in some sensor over the others. 
 
The primary data are the digital elevation model (DEM), SPOT panchromatic image, Landsat TM 
multispectral image, JERS-1 radar image and the geological map of a study area in San Antonio del 
Sur, Guantámano. The fusion techniques explained include DEM-SPOT, Geology-SPOT, Landsat TM-
SPOT and JERS-1-Landsat TM. In general term, the result is a combination with a better visual 
appearance of one or more input images from different sensor or spatial resolution. The combination 
can be done through different ways and almost always result in a color composition. These techniques 
can be applied in almost every image processing system nowadays available.  

Resumen 

En la actualidad se han creado múltiples fuentes de datos nuevas. Los productos de la teledetección 
presentan casi cada año un nuevo formato o tipo de datos. Así, las imágenes multiespectrales, 
pancromáticas, hiperespectrales y los productos de las imágenes de radar ha  enriquecido las fuentes 
de datos con las que se cuenta hoy día para analizar diversos fenómenos que ocurren en la superficie 
terrestre. De esta manera las herramientas de procesamiento y métodos de análisis se han 
enfrentado a nuevos retos con todo este volumen de información nueva. Al inicio se desarrollaron 
técnicas para el realce de la información y la extracción de misma empleando las cualidades 
espectrales de las imágenes. Más recientemente se ha comenzado a fusionar o combinar fuentes de 
datos diferentes creando productos muchos más interpretables. 

 
Este trabajo explica algunas técnicas de fusión de datos y los productos que de ellas se obtienen. Se 
hace énfasis en cómo deben ser preparados los datos primarios y que ventajas traen estás técnicas 
de fusión sobre las vías convencionales. Las técnicas expuestas están basadas en métodos a la 
escala de pixel y tiene como objetivos: mejorar la interpretabilidad, incrementar la resolución espacial 
y aprovechar ciertas ventajas de unos sensores sobre otros. 

 
Los datos primarios son el modelo de elevación digital (DEM), imagen pancromática SPOT, imagen 
multiespectral Landsat TM, imagen de radar JERS-1 y el mapa geológico del área. Las técnicas de 
fusión explicadas incluyen fusión DEM-SPOT, Geología-SPOT, Landsat-SPOT y JERS-1-Landsat. En 
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término general, el resultado es una combinación con mejor apariencia visual de una o más imágenes 
de entrada de diferentes sensores o resoluciones espaciales. Esta combinación puede realizarse de 
diferentes vías y casi siempre resulta al final en una composición a color. Estas técnicas pueden ser 
aplicadas en casi cualquier sistema de procesamiento de imágenes actualmente disponibles. 
 
 
1 Introduction 
 
For carrying out this research different types of remote sensing data were used for various purposes. 

The Landsat TM, SPOT PAN and JERS-1 SAR data were used in the research. A satellite metadata 

summary is presented in Table 1; all imagery data cover the entire area. The idea was to combine 

different sensor types with the purpose of comparing their applicability for applied geomorphology and 

landslide mapping. 

 
Satellite Sensor Date Time Spectral resolution Spatial resolution 
Landsat  TM 01/15/1985 14:51:03 Multispectral 7 bands 30 x 30 meters 
SPOT PAN 28/12/1994 15:40:45 Panchromatic 10 x 10 meters 
JERS-1 SAR 01/05/1994 15:27:39 Radar HH 12.5 x 12.5 meters 

Table 1. Satellite metadata summary 

 
Then, the multispectral, panchromatic and radar data was collected and processed. All images cover a 

study area of 60 x 60 km in San Antonio de Sur, Guantánamo, Cuba. The image processing was part 

of the analysis for landslide hazard assement. The next three subsections will explain the processing 

for each data type specifically. After this the data fusion procedure is explained in detail. 

 

2 Landsat TM 
The Landsat Thematic Mapper (TM) data was georeferenced with 7 ground control points and the 

SIGMA error was 0.668 meaning 20.04 meters for the 30 meters image resolution.  

 
TM Band Min Max Mean Median Mode Std. Dev 

1 0 200 73.36 70 71 12.00 
2 0 129 29.02 27 19 8.55 
3 0 185 29.48 25 21 14.84 
4 0 158 57.00 60 5 23.10 
5 0 255 70.56 68 3 39.46 
6 0 166 133.87 132 132 8.01 
7 0 241 26.98 23 0 19.76 

Table–2. Statistics for Landsat TM bands. 

One positive factor in the processing of the TM bands was the total absence of clouds. The purpose of 

the TM bands processing was to use for visual interpretation. Then, the bands where first visually 

characterised without stretching. The statistics show (Table 2) that most of the bands have low digital 

numbers and consequently they look in general with dark tones. Figure 1 shows ranges of digital 

numbers for different features of the study area. 
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Analysing the histograms of the six bands (excluding band 6) it is possible to recognise and spectrally 

separate only a few natural features including: 

 

- The sea. 

- The forested area. 

- The Caujeri valley. 

- The non-vegetated area north of San Antonio del Sur. 

 

The sea contain the lowest digital numbers in all TM-bands except in TM-Band 1, where the forest 

contain the lowest digital numbers. The minimum value for all the images is different and never start 

from 0, except for the band 7, where few pixel contain zero values. 

 
After the sea, the next feature with lower digital numbers is the forest. Its values vary due to the 

vegetation differences but in general, they are dark pixels. In some parts there are few pixels with 

slightly lighter values due to non-forested areas or intensive denudational processes like landslides. 

 

The Caujeri valley appears in general with higher digital numbers than the forest, except in the TM-

band 4 where its digital numbers can not be differentiated from the forest. The Caujeri valley is mainly 

agricultural area, then, the digital numbers present more differences due to the fact that some areas 

are cultivated and other ones not. 

 

An area containing contrasting digital numbers are the accumulational slopes in the northern part of 

San Antonio de Sur up to Baitiquirí. Due the lack of vegetation, the type of material this area have very 

high digital numbers, usually the higher digital number in the images. 

 
For enhancement the Landsat TM images the general procedure was to made the atmospheric 

correction bringing all the bands to the lowest value 0 and then, to execute different stretching 

methods. The better stretching method was linear stretching using the standard deviation statistics. 

This method will be explained in the processing of the SPOT PAN image. 

 
Finally, with the Landsat TM image was tested several color composite in order to get better 

information from the image. The better color composites were 457 and 321 (Red, Green and Blue). 

With these color composites several three-dimensional views were created and the main landforms in 

the study area were analysed visually. Figure 2 shows a three-dimensional view using the 457 (RGB) 

color composite. The central part of the figure is the Caujerí valley and in the lower part are located 

the Accumulational slopes. The upper left part in red is the metamorphic hills. 

 

3 SPOT PAN  
The SPOT panchromatic (PAN) image was more useful for the thesis objectives due to the higher 

spatial resolution (10 meters), although the image has about 2 percentage clouds cover in the study 
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area. As the statistics shows (Table 3) the range of digital numbers in the SPOT PAN are from 5 (the 

sea) to 255 (the clouds). Actually the "sea" digital numbers start in 20, but from 5 to 20 there are only 

few pixels. On the other hand, starting in 100 the feature "clouds" take all the digital numbers until 255.  

 
Min Max Mean Median Mode Std. Dev 

5 255 44.179 43 24 15.54

Table -3. Statistics for SPOT Panchromatic image. 

 
Taking into account these problems a standard deviation stretching was apply following some steps: 

1. The few pixels below 20 were moving up to 20, remaining all other pixel in the images as the 

same. 

2. All the pixels in the images were moved up to 0, subtracting 20 digital number. 

3. The standard deviation stretch method was applied to enhance the image. 

 
The Figure 3 shows the histogram of the original image over which the steps were executed. The 

standard deviation stretch method is simply linear or equalised stretch but using minimum and 

maximum values instead of percentage. The minimum should be the mean minus two times the 

standard deviation and the maximum should be the mean plus two times the standard deviation. In the 

SPOT image case, after calculate the new statistics the minimum value was 13.43 and the maximum 

value was 74.87. With the new stretching the image looks much better. In addition to that, different 

stretching methods were testing and visually compared. As a conclusion the standard deviation 

stretched image was accepted. 

 

After stretching the SPOT PAN image, different high pass filters were also visually tested to improve 

the contrast in the image. Two Laplace plus filters were designed (Figure 4) in ILWIS. 

 

The filters were applied to several stretched images and to the original image. In general many filters 

produce a loss of details and some filters create black and white areas. Due the needs of good quality 

images for data fusion, the standard deviation stretched image was used. 

 

4 JERS-1 SAR 
The radar image used was from the Japanese satellite JERS-1, sensor SAR. The format of data is 16 

bit per pixel with polarization HH, wavelength 23.5 (L-Band) at 35 degrees as incidence angle. This 16 

bit data is a combination of the cosine component (I or in-phase component) and the sine component 

(Q or quadrature component) of backscattered radar return signal. For pre-processing and 

enhancement the radar data ERDAS Imagine 8.3.1 image processing system was used, later a 

georeference was created in ILWIS 2.2. 

 

Once the data was into the ERDAS system two mains tools were used in the RADAR module (ERDAS 

Imagine 8.3.1, 1998): 
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1. Speckle suppression 

2. Image enhancement 

 

As is well known most of radar images have a problem called speckling due to signal out of phase 

producing interaction between radar waves. The speckle noise generates light and dark pixels making 

the interpretation difficult. For speckle suppression different filters were used changing some 

parameters of the algorithms. Table 4 shows the different parameters used for speckle suppression.  

 

In general the speckle was never suppressed completely all and in some cases the result produced 

worse images to be interpreted. The best results visually evaluated were the images sar3, sar6 and 

sar7 (Table 4). With these results the image enhancement procedures were carried out. 

Speckle Suppression tool, RADAR module, ERDAS 8.3.1, 1998 
Input file Output file Coef. of 

variation 
Coef. of var. 
multiplier 

Window 
size 

Filter 

sar sar1 0.280340 0.5 3x3 Lee-sigma 
sar1 sar2 0.219507 1 5x5 Lee-sigma 
sar2 sar3 0.214156 2 7x7 Lee-sigma 
sar sar4 0.26 1 3x3 Lee-sigma 
sar4 sar5 0.26 1 5x5 Lee-sigma 
sar5 sar6 NA NA 5x5 Local region 
sar sar7 0.280340 NA 3x3 Frost 
sar sar19 0.280340 NA 3x3 Gamma map 

Table–4. Processing table of speckle suppression. Best results in bold case. 

 

For image enhancement the Wallis Adaptive Filter and Luminance Modification (ERDAS Imagine 

8.3.1, 1998) tools were used. The Wallis Adaptive filter was used in the bandwise filtering option, 

because there was only one band. 

 
Wallis Adaptive Filter, Image Enhancement tool, RADAR Module, ERDAS 8.3.1, 1998 

Input file Output file Window size Multiplier 
sar sar8 3x3 2
sar3 sar9 3x3 2
sar6 sar10 3x3 2
sar7 sar11 3x3 2
sar6 sar12 9x9 2

Table–5. Processing table of Wallis Adaptive filter. Best result in bold. 

 
Table 5 show the different processing carried out. The best results (sar10 and sar12) were obtained 

with the image "sar6" either with 3x3 or 9x9 window size. Additionally to this processing for image 

enhancement the Luminance Modification tool was used to try to improve the radar image. 

 

The Luminance Modification tool is "an adaptive enhancement filter which separates the original 

image in two parts- the scene luminance and the scene contrast. These two parts are modified and 

recombined to created the enhanced output" (ERDAS Imagine 8.3.1, 1998). The tool was executed 

over different images changing the parameters. 
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Table 6 shows the results of processing the former processed images with the Luminance Modification 

enhancement filter. In some cases, as the procedure recommends, some images were passed two 

times with the same filter in order to get better results. 

 
Luminance Modification, Image Enhancement tool, RADAR module, ERDAS 8.3.1, 1998 
Input file Output file Objective Multiplier Window size Local Luminance intercept 
sar3 sar13 Undegraded 2 5x5 100
sar6 sar14 Undegraded 2 5x5 100
sar14 sar15 Undegraded 2 3x3 100
sar13 sar16 Undegraded 2 3x3 100
sar6 sar17 Undegraded 2 5x5 200
sar19 sar20 Undegraded 2 3x3 100

Table -.6. Processing table of Luminance Modification. Best result in bold. 

After finishing the enhancement processing, the selected images were exported from ERDAS to 

ILWIS in order to georeference. The georeferencing in ILWIS was rather difficult due to the 

impossibility to find out control points. A georeference tie points with 10 points only was able to bring 

the SIGMA to 4.367 pixels, meaning 54.5875 meters. For that reason the image was not used for 

combination with other data. Finally all SAR images were compared to evaluate visually the different 

landforms.  

 

Figure 5 shows the seven images selected from the processing. The images correspond to the coastal 

hills located Southwest of Baitiquirí. The area covers about 2 km by 2.5 km and it is oriented with east 

upward as the arrow shows. The resolution is the original 12.5 meters except for two small windows 

(lower-right corner) where the zoom is reduced by 2 and by 4, meaning 25 and 50 meters respectively. 

The names of the images correspond to the names in the processing tables 5-4, 5-5 and 5-6. 

 

As the Figure 5 shows seven the selected images are not clear enough to make a geomorphological 

landform interpretation. Moreover, the scale is not appropriated for landslide interpretation since in the 

image it is difficult to recognise the marine terrace levels. However, when image is zooming out by 2 o 

by 4 times, the speckle noise start to disappear and the different landform at more regional scale start 

to become clear.  

 
As a conclusion of the radar SAR satellite image processing this data is not totally suitable for 

geomorphological landform interpretation at detailed and medium scale (1:50 000 and 1:25 000) due 

to speckling. The radar SAR sattellite images can by used for regional interpretation especially when 

no other data is available. There is a potential capability of airborne radar images, but these data still 

remain very expensive, especially for developing countries. 
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5 Data fusion 
After the main data from original satellite was prepared the next step in the processing was the 

combination or "fusion" some of these data. In this research four main data fusion were develop: 

1. DEM - SPOT image, bidimensional 

2. DEM - SPOT image, tridimensional, Anaglyph image 

3. Geology - SPOT image 

4. Landsat - SPOT image 

 

The DEM-SPOT image was combined using the RGB-IHS transformation. The Figure 6 shows the 

general flowchart for data fusion. The procedure start with the SPOT PAN image, the digital elevation 

model DEM and a "dummy" channel with only one digital number for the whole image. With the digital 

elevation model is create an image in which each pixel correspond to RGB color (0-255,0- 255,0-255) 

of the color table or color representation according with the altitude (Z-value in the DEM). Then, this 

image was convert to RGB color representation system creating three files: red, green and blue 

components. With these three files the IHS (Intensity, Hue and Saturation) color representation 

system is created generating three new files. From this result only the Hue image is taken. 
 

The reverse conversion, IHS to RGB, is executed but now the Intensity image is the SPOT PAN image 

and as Saturation image is used an dummy channel image with only one digital number. The digital 

number to be selected depends on the previous saturation of the SPOT image and it is an interactive 

process changing the digital number until the desirable results are reached. In this case a suitable 

digital number was 230. 

 

The result of this fusion is represented in Figure 7. The study area can now be interpreted through the 

SPOT image also taking into account the relief differences. The red and brown colors represent the 

highest parts whereas the green and grey-blue areas are the lowest part. The window on the right 

shows the Jagueyes landslide where the white pixels correspond to the scarp and non-vegetated 

areas. 

 
To produce the Anaglyph image the original digital elevation model (DEM) and the improved SPOT 

PAN image were used in StereoPair tool of ILWIS 1.4. The procedure made a linear stretching of the 

SPOT image between two defined values, define the height reference at which points having this 

altitude will appear to be on the "screen level" and the angle of the stereo view meaning the shift 

between both images in the stereo pair. With these parameters the Anaglyph image was generated 

and then imported in the ILWIS 2.2. 

 

The Anaglyph image was very useful for the initial interpretation, the fieldwork and for creating the 

finals maps, using digitising on screen. It is important to note the digitising on screen over the 

Anaglyph introduces an error because the boundaries to be traced may be "behind" or "ahead" the 

actual computer screen. However the tool is very useful to recognise height differences and trace 
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boundaries that may be spatially corrected with another background image like the original SPOT PAN 

image.  

 

Another data fusion develop was geology raster map and SPOT image with the purpose of 

enhancement the visual interpretation and to compare the geology with the different landforms in the 

study area. Similar to this data fusion was the fusion between Landsat TM bands and SPOT PAN 

image. In this case the purpose was to improve the spatial resolution of the Landsat TM bands for the 

visual interpretation. Both data fusion follows similar procedure as DEM-SPOT PAN fusion. In one 

case the DEM was changed by the Geology raster color map and in the other by TM bands color 

composite. The results were also very useful in the interpretation and in the general understanding of 

the different landforms in the study area. 

 

6 Conclusions  

 
In the image processing for Landslide Hazard Assesment the Landsat TM bands, SPOT PAN and 

JERS-1 SAR images were very useful. The three image set were first prepared for the later image 

fusion. In this sense the landsat TM bands were first analysed statistically, spectrally enhanced and 

later some color composite and 3D views were created. With SPOT panchromatic image the standard 

deviation stretch method was applied for enhancement and later the image was very useful to 

combine with others images and in the interpretation. For the radar JERS-1 SAR image different 

speckle reduction and image enhancement tools were applied without an actual successful result.  

 

After the data was prepared and processed some data fusion product were developed in order to 

generate more products for the interpretation. The basic method was RGB-IHS and reverse 

conversions, changing the IHS components. The best results were obtained with DEM and SPOT and 

the Anaglyph image. 

 

The image fusion techniques appear to be a useful tool for image interpretation. Although the spectral 

pixel information is lost, many new images can be created with the possibilities to see and recognize 

features that were not possible with the conventional techniques.  
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