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ABSTRACT: The current study explores the possibility of applying multi-sensor image fusion of Landsat TM 
and IRS PAN images for an improved mapping of tropical forest cover. The study area is selected in the 
tropical forest environment of south-eastern Bangladesh where a considerable fragmentation in the forest has 
been noticed in the recent years. Two image fusion approaches were tested, namely the RGB-IHS-RGB and 
the Brovey transformation. A forest cover classification was done by visual interpretation, following the clas-
sification scheme used for the TREES project of the European Joint Research Centre. The fused image and
the Landsat image were independently classified and the classification results were compared by using a con-
fusion matrix. The results show that due to the increased spatial resolution of the fused images forest cover
classification in the tropics can be significantly improved, particularly for mapping of fragmented forests, for-
est re-growth and forest plantation areas. 

1 Permanent address: Scientific officer, Bangladesh Space Research and Remote Sensing Organization, Agargaon, Sher-E-Bangla 

Nagar, Dhaka-1207, Bangladesh 

1 INTRODUCTION

Tropical forests cover about 14% ( FAO 2001) of 
the land area of the globe and do not only play a vi-
tal role in maintaining the balance of the planet’s 
ecosystem and of the global climate, but are also of 
great importance for the environmental and the eco-
nomic conditions of many tropical countries. Regu-
lar mapping of forests has become a crucial task for 
them. Today, most of the tropical countries make 
use of satellite images for producing national forest 
cover maps. However, conventional satellite images, 
such as Landsat TM or SPOT images, offer spatial 
resolutions of only 30 or 20 meters and reach their 
limitations where forests are heterogeneous or frag-
mented, and where more detailed information on the 
forest canopy is desired. Degradation processes and 
small-scale forest disturbances caused by human en-
croachments or selective logging cannot be fully ad-
dressed on these images. The aim of the present 
study was therefore to optimise forest cover classifi-
cation by applying multi-sensor image fusion in or-
der to enhance the spectral properties of conven-
tional satellite images by the high spatial resolution 
provided by new satellite sensors.

Landsat TM satellite images, as chosen for this 
study, are widely used in the tropical countries due 

to their availability, low cost and variety of spectral 
bands. Since several years the Indian Remote Sens-
ing Satellite provides, particularly for South Asia, 
pan-chromatic images at a high spatial resolution of 
5,8 meters at affordable cost. The combination of the 
two types of satellite images by multi-sensor image 
fusion techniques promises therefore a way for inte-
grating the advantages of both sensors and for en-
hancing the accuracy of forest cover classification 
and mapping, particularly for countries like Bangla-
desh where forest cover is often fragmented and in-
termixed with other land cover types.  

2 DATA AND METHODS 

2.1 Description of the study area 

The study area is located in the southern Chittagong, 
which is the south-eastern part of Bangladesh. The 
area is located within the upper right quarter scene 
of Landsat TM 136/045 (path/row), for which a full 
interpretation had been done in the context of the 
TREES II project of the Joint Research Centre of the 
European Commission (Stibig et al. 2002). The size 
of the study area is approximately 16 sq. km (4km x 
4km), covering 21°47´to 21°50´ N latitude and 
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91°11´ to 92°13´ E longitude (figure 1). The study 
area enjoys a sub-tropical monsoon climate and is 
characterized by a hilly-landscape with small hills. 

Figure 1. Location of the study area 

The forests within the study area can be classified 
as tropical wet evergreen and semi-evergreen forests 
(Champion et al. 1965). Dipterocarpus species are 
dominant and comprise the main canopy of the ev-
ergreen forests in the study area. A certain propor-
tion of deciduous species like Anacardaeous spp. 
and Swintonia spp. is also present in the top canopy. 
Bamboo appears where the upper canopy is dis-
turbed, but it is typically absent in the virgin forests, 
where canes and palms are the main woody mono-
cotyledons. As all accessible areas were affected by 
illegal felling or shifting cultivation, virgin forests 
can be rarely found in the area. Present forests 
mostly consist of secondary forests and re-growth, 
which are in the process of succession to the climax 
evergreen and semi-evergreen types. However, the 
process of succession is hindered by the repeated 
human disturbance, leading to drier scrubby forest 
types and in many areas to a savannah (Khan 1979).  

2.2 Image data used 

The images used for this study were acquired from 
Landsat TM (Thematic Mapper) and from the Indian 
Remote Sensing Satellite (IRS). The upper right 
quarter-scenes of the Landsat TM image 136/45 
(path/row) and of the IRS panchromatic (IRS-Pan) 
scene 112/57 (path/row) were selected for the study. 
The spectral characteristics of the TM and IRS-Pan 
sensors are given in table 1. 

The images available could unfortunately not be 
acquired for the same season and year. Acquisition 
months for TM and IRS were November (03/11/97) 
and March (10/03/99) respectively. Therefore, the 
assumption of this study was that the land cover 
changes between these dates remained at a limited 
magnitude and that any seasonal variance of the 
vegetation could be taken into account.

The schematic workflow is presented in Figure 2. 

Table 1. Spectral characteristics of the Landsa-5 and IRS-Pan 
imaging system 

Landsat
TM
spectral
bands 

Wavelength  
(µm) 

IRS
spectral
band 

Wavelength 
(µm) 

TM 1 0,45 to 0,52 
(VIS, blue) 

TM 2 0,52 to 0,62 
(VIS, green) 

TM 3 0,63 to 0,69 
(VIS, red) 

IRS Pan 0.5-0.75µm 

TM 4 0,76 to 0,90 
(NIR) 

TM 5 1,55 to 1,75 
(SWIR) 

TM 7 2,08 to 2,35 
(SWIR) 

TM 6 10,4-12,5 (TIR)   

2.3 Image preprocessing 

All satellite images have been geometrically co-
registered (image to image) to a geo-referenced 
Landsat TM image, which was available from the 
Bangladesh Space Research and Remote Sensing 
Organization. Geo-correction was done using more 
than 20 GCPs and transforming by a 2

nd
 degree 

polynomial function. The Lambert Conformal Conic 
(LCC) projection, based on the Everest spheroid and 
the Indian (Bangladesh) datum is used. 

2.4 Integration of the IRS-Pan and the Landsat 
images

A number of methods have been developed in recent 
years in order to combine the information from two 
co-registered data sets of different spatial resolution, 
including pixel-by-pixel arithmetic like adding, sub-
tracting, or rationing of image channels (Chavez 
1986), intensity-hue-saturation transformation and 
principal component analysis (Haydn et al. 1982). 
However, due to the fact that the spectral windows 
used by two sensors usually are not the same, merg-
ing may modify the colour balance of the land cover 
types known from the original images. Therefore, 
image fusion should be well tuned and the new im-
age product requires careful interpretation.

The following two techniques of image fusion 
were applied for this study: 

(i) pixel addition using the Brovey transforma-
tion, and 

(ii) the RGB-IHS-RGB transformation.  

Bangladesh 

Study area

BangladeshIndia

Myanmar 
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Figure 2. Schematic representation of workflow 

The Brovey transformation, presented by Musa 
et al. (2000) is a pixel addition method, which 
would preserve the higher resolution of the single-
band IRS-Pan image as well as the multi-spectral 
information of the lower resolution TM bands. It 
allows adding the IRS-Pan image equally to each 
of the TM bands without distorting the spectral 
balance of signatures within the latter image.  

The IHS colour transform on the other hand, has 
been found useful for integrating and displaying 
the remotely sensed data in many applications 
(Andreadis et al. 1995, Carper et al. 1990, Chavez 
and Bowell 1988, Chavez et al. 1991, Koutsias et 
al. 2000). The IHS transformation is defined by 
three separate, orthogonal and easily perceived 
colour attributes, those of intensity, hue and satura-
tion. While geometrically, the RGB system can be 
represented as a cube with the red, green and the 

blue axes defining x, y and z vectors respectively, 
the IHS coordinate system can be represented as a 
cylinder or a sphere. Intensity, which represents 
the total energy or brightness of the image, defines 
the vertical axis of the cylinder, or the radius of the 
sphere. Hue represents the average wavelength of 
colour and defines the circumferential angle of the 
cylinder or sphere, and ranges from blue (0 de-
grees) through green, yellow, red and purple (360 
degrees). Saturation can be thought of as purity of 
the colour (i.e. percentage of white light in the im-
age) and defines the colatitudes of the sphere, or 
the radius of the cylinder. 

For creation of a multi-sensor data set the Land-
sat TM bands 5 4 3, displayed as RGB (red, green 
and blue) composition, were re-sampled to pixels 
of a spatial resolution of 5m by 5m in order 

Image geometric correction of 

Landsat TM and IRS-Pan image 

Land cover classification by 

visual interpretation, class de-

lineation and digitising of the 

TM image 

Resampling TM image to 5m spatial resolution 

Transformation of Landsat TM 

bands 5 4 3  to IHS (Intensity, 

Hue and Saturation)

Replacement of the ‘Intensity’ 

channel by the IRS-Pan channel 

Transformation back to 

the RGB domain 

Combined land cover classification of the 

Brovey and the IHS transformed images by vis-

ual interpretation, class delineation and digitising 

Comparison of the classifications and generating 

a confusion matrix

Brovey transformation of 

Landsat TM and IRS-Pan 
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to be compatible with the IRS-Pan image. This 
combination of TM bands was judged to be opti-
mal for separation of different forest and land 
cover classes.

For the Bovey transformation the three re-
sampled Landsat TM bands were normalized and 
multiplied with the IRS pan image by the follow-
ing equations: 

Red band = {TM band 5 / (TM bands 5 + 4 +
                                                             3)}*IRS pan 
Green band = {TM band 4 / (TM bands 5 + 4 +
                                                              3}*IRS pan 
Blue band = {TM band 3 / (TM bands 5 + 4 +
                                                              3}*IRS pan 

For the IHS transformation the three TM bands 
(5, 4, 3) were transformed to the intensity-hue-
saturation (IHS) domain. The intensity TM band 
was then replaced by the panchromatic band of the 
IRS image. Finally, the new IHS combination was 
transformed back to the RGB domain. 

2.5 Forest and vegetation classification scheme 
applied

Forest and land cover classes were visually inter-
preted using the guidelines set up in the framework 
of the TREES II project (Stibig et al. 2002). The 
class definitions and thresholds followed for this 
study are presented in table 2. The TREES classifi-
cation scheme describes at level I and II mainly 
land-cover classes (considering agriculture as a 
‘land cover’ class), however, level II includes also 
some aspects of land-use. Level I and II were as-
sumed to be obtained from the spectral signatures 
and textures of the vegetation classes on Landsat 
TM or SPOT HRV satellite images. The interpreta-
tion of forest and land cover classes at level III, 
which shows more differentiation for the regions, 
would require additional information and knowl-
edge on the local forest and vegetation conditions. 
Forest canopy density classes at level 4 were ex-
pected to be assigned as good as possible, again 
making use of local knowledge and using addi-
tional information from field work, forest maps or 
forest inventory records. 

2.6 Interpretation procedure 

Delineation of vegetation classes has been done by 
on-screen digitising from the geo-referenced digi-
tal images at a scale of 1:50 000, using the ‘ER-
DAS Imagine’ software. The minimum mapping 

units were fixed at approximately 50 hectares for 
the Landsat TM and one hectare for the fused im-
age. Visual interpretation was supported by aerial 
photographs, by vegetation maps and by informa-
tion from forest management plans. Intensive 
ground visit has been done during January to 
March 1999 in order to verify the vegetation 
classes visible on the satellite images. Topographic 
maps have been used to locate the field sample 
plots.

Interpretation was done in a first step for the 
Landsat TM image only. The vector layer obtained 
from the visual interpretation of the Landsat TM 
image was then alternately overlaid on both ‘fused’ 
images, generated from the IHS and the Brovey 
transformation. The TM vector classification was 
then updated by the new interpretation results from 
the fused images and stored as a separate data set.

2.7 Area calculation and confusion matrix

The areas of the individual land cover classes were 
calculated for both data sets and compared for the 
total of the test area. A confusion matrix was gen-
erated for further analysis of the level of agreement 
between the corresponding land cover classes of 
both interpretations. 

3 RESULTS AND DISCUSSION 

3.1 Qualitative comparison of the original TM 
and the fused TM/IRS-Pan images for 
subsequent visual interpretation

The fused images (TM/IRS-Pan) provide clearly 
more detailed information on forest cover than the 
single TM image. However, it was found useful for 
the interpretation of the fused images to display the 
original Landsat TM image simultaneously as a 
reference, because the artificial colours on the 
fused images could mislead the interpretation when 
the interpreter is not familiar with the new prod-
ucts. This approach also allowed to account for 
land cover changes occurring during the observa-
tion interval (1997-99).

The original IRS-Pan and Landsat TM images, 
as well as the new image products generated by the 
Brovey and IHS transformations are displayed in 
Figure 3 for a sub-window of the south-eastern 
Bangladesh test site. The spectral contrasts on both 
fused images are comparable, however the Brovey 
transformation shows that the spectral properties 
are very similar to those of the TM image.  
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Table 2. TREES forest and land cover classification scheme applied for the southern Chittagong test site 

Level 1 Level 2 Level 3 Level 4 

1 Forest (> 10% canopy cover and > 40% forest cover2 proportion) 

1 Evergreen and semi-   
   evergreen 

1 Evergreen lowland 
2 Evergreen mountain 
3 Semi-evergreen 

5 Plantation 0 Unknown 

6 Forest re-growth 0 Unknown 

7 Mangrove 0 Unknown 

A. Closed, high density
>70% forest cover p. 
>70% canopy cover 

B. Closed, medium 
     density
> 70% forest cover p. 
> 40-70%canopy cover 

C. Open
> 70% forest cover p. 
40->10% canopy cover 

D. Fragmented
>40-70% forest cover p. 
> 10 % canopy cover 

E. Undefined

2 Mosaic (>10% - 40% forest cover proportion and > 10% canopy cover) 

1 Shifting cultivation  
  mosaic 

0 Undefined 

2 Cropland & forest 

3 Other vegetation &  
   forest 

4 Bare soil & forest 

3 Non-forest natural vegetation (< 10% forest cover proportion or < 10 % canopy cover)  

 1 Wood and shrubland 0 Unknown 
1 Mixed evergreen and  
   dry 
2 Mixed with  
   agriculture 
6 Evergreen type 
7 Dry type 

 2 Grassland 3 Sungrass 

 3 Non-forest re-growth  

4 Agriculture (< 10% forest cover or < 10% canopy cover) 

1 Arable 0 Unknown 
1 Irrigated 
2 Rain-fed 

2 Plantation 0 Unknown  

5 Non-vegetated 

 4 Bare soil   

6 Water 

 1 River   

7 Sea 

2 Percentage of forest area 

The fused images display a higher general con-
trast between different land cover types and pro-
vide more information on the texture of forest and 
vegetation cover than the Landsat TM image. The 
textural information on the fused images allows to 
differentiate old-growth forest from forest re-
growth and to delineate forest plantations, which 
were rather difficult to detect on the original TM 
image. While small pockets of land clearing are 
not detectable on the Landsat image, those can be 

identified on the fused images. Furthermore, dif-
ferent canopy density can be addressed much bet-
ter on the fused image than on the Landsat TM im-
age.

The forest cover mapping results obtained from 
the visual interpretation of the different data sets 
are presented in the figure 4.

All classes could be mapped on the TM/IRS-
Pan fused image at much higher spatial detail than 
on the TM image. The interpretation of the fused  
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Figure 3. Comparison of original and fused images (a) IRS panchromatic (b) Landsat TM composite, RGB = bands 5 /4 /3 (c) image 
fused by Brovey transformation (d) image fused by RGB-IHS-RGB transformation 

images allowed mapping of two additional forest 
classes, namely ‘fragmented forest’ and ‘forest 
plantations’.

Within the uniform block of closed forest, 
mapped from the TM image in the eastern half of 
the test site, the fused images allowed a more de-
tailed differentiation into classes like fragmented 
forest, forest plantations and mosaics of forest and 
non-forest. The significant proportion of ‘mosaics’ 
and ‘fragmented forest’ is an indication for the for-
est disturbance by human encroachment, not visi-
ble as such on the TM image. Similarly, forest 
cover in the western part of the test site, broadly 
assigned to ‘open forest’ on the TM image, is 
classified as mosaic, fragmented forests and closed 
forests on the fused image.  

The interpretation of the fused image will lead 
to a lower figure of forest cover within the test site, 
because the higher spatial resolution unveils a pro-
portions of mosaics, shrublands, and forest planta-

tions in the area formerly interpreted as forest. In 
addition, some of the formerly closed and open 
forests were reassigned to fragmented forests. In 
contrast, there are only few cases where non-forest 
or mosaics on the TM image are mapped as forest 
on the fused images. Only within the class ‘non-
forest mosaic’ parts were re-assigned back to 
closed and fragmented forest.  

For the non-forest classes it might be interesting 
to note that a proportion of the former cropland 
could be identified as bare soil. However, this 
could also be the result of seasonal variation in 
cropping, because the TM image was acquired in 
November while the IRS pan image was in March. 
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Figure 4. Comparative forest classification based on (a) Landsat TM (b) fused TM and IRS-Pan image 

3.2 Quantitative comparison of both 
interpretations 

As shown in the comparison of the Landsat TM 
and the integrated TM/IRS-Pan interpretations in 
table 3, the total forest area mapped from TM 
amounts to 978 ha, from the fused image however 
to 849 ha. The TM interpretation overestimates 
therefore total forest cover by some 129 hectares or 
some 15 percent relative to the result obtained 
from the fused images. This can be attributed 
mainly to the spatially finer, more accurate, and 
thematically more differentiated interpretation of 
forest cover from the fused images. The average 
polygon size, for example, was measured at 16 
hectares for the interpretation of the fused images 
compared to 98 ha for the interpretation of the TM 
image only. The contribution of actual land cover 
change within the time period of image acquisition 
is considered to be of minor importance for this 
comparison. 

The confusion matrix in table 4 allows a more 
detailed analysis of the level of agreement and dis-
crepancy between the individual classes of the two 

interpretations. The original TM classes are dis-
played on the vertical axis, the classes obtained 
from interpretation of the fused images on the 
horizontal axis. The diagonal (shaded cells) repre-
sents the proportion of agreement between the two 
interpretations. 

Table 3. Areas of land cover classes based on the interpreta-
tions from Landsat TM and integrated TM/IRS-Pan images 

Area in ha Landuse/land cover class 

TM image TM-IRS-Pan 
fused image 

Closed forest 668 541 

Open forest 310 114 

Fragmented forest - 194 

Forest Plantation - 29 

Mosaic of forest and non 
forest 

55 207 

Shrub 105 56 

Agriculture 186 138 

Unvegetated - 45 

Water 283 283 

Total 1 607 1 607 
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Table 4. Cross table of forest interpretation for southern Chittagong (areas in ha) 

Totals may not always equal sum of individual figures due to rounding 

This comparison shows the noticeable splitting 
up of the formerly TM classes ‘closed forest’ and 
‘open forest’, first among these categories, but 
even more important also into fragmented forest 
and non forest classes. Using the figures from the 
interpretation of the fused images as reference, the 
978 hectares of ‘closed and open’ forest on TM 
would contain 189 hectares of non-forest (19%), 
148 hectares of fragmented forest (15%) and 28 
(3%) hectares of forest plantations (upper right 
portion of the diagonal). On the other hand the ma-
trix shows also that the TM ‘mosaic of forest and 
non-forest’ class would contain an area of 13 and 
42 hectares that could be clearly re-assigned to 
closed and fragmented forest respectively. 

4 CONCLUSION 

The information obtained from the fusion of a 
Landsat TM and an IRS-Pan image allows address-
ing the complex land cover pattern of the selected 
test site in south-eastern Bangladesh. As many 
other hill-forest areas in the country, the selected 
site is characterized by a fragmented forest cover 
and by mosaics of forest and non-forest, which is a 
result of illegal felling, small-sized clearing and 
encroachment into the forests.  

The fused satellite image allows for a more ac-
curate thematic mapping and area estimation of 
forest and other land cover compared to the results 
obtained from the TM interpretation. Small recent 
land clearings and small patterns of cropping and 
re-growth could be detected, forest classes like 
fragmented forest and forest plantations could be 

identified. Such ‘additional’ information could fa-
cilitate local forest management, monitoring and 
planning. It could also help to protect more effec-
tively the remaining forest by concentrating on 
spots of recent encroachment and illegal logging 
activities.  

The present study was performed as a test case 
for a limited area and the results would need to be 
further confirmed at the provincial or national 
level. However, until multi-spectral images of high 
spatial resolution (4-5 meters) become available at 
reasonable cost, fusion of conventional multispec-
tral and single band high-resolution satellite im-
ages may provide an option for improving the pre-
sent mapping possibilities in some developing 
countries.
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