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ABSTRACT 
So far, segmented remotely sensed images can not be processed independent from the software 
they have been generated in. To overcome this limitation and to provide a flexible exchange for-
mat, it is suggested to store spectral mean values of image objects in generic band sequential 
(BSQ) files. In doing so, the pool of available image processing methods is considerably widened, 
because these non-proprietary formats are read by any standard image processing software.  

With each pixel corresponding to one object of the segmented image the new file is considerably 
smaller than the original. This way, a time efficient way of compressed information processing is 
created that meets the requirements of image data with increasing spatial and spectral resolution.  

In the present paper the flexibility of this object-compressed BSQ format is tested and the perform-
ance of the format is investigated using selected methods in ENVI. 

It is shown that standard image processing methods can be applied to object-compressed files 
with spectral mean values. Still, the validity of the methods and their results need to be considered 
against the background of the new image statistics and the lost spatial context in the data. 

INTRODUCTION 
Over the last years image segmentation has become a frequently applied technique for digital im-
age processing of remote sensing data. Subsequent analysis of the objects, which result from im-
age segmentation, has proved advantageous compared to the analysis of original pixels in many 
applications (1). This can mainly be explained by two aspects: on the one hand, object information 
includes spectral values plus additional attributes like heterogeneity measures or shape parame-
ters, whereas pixels contain only spectral values. On the other hand, the spatial generalization of 
the segmentation process leads to more homogenous results that are easier to interpret. Both as-
pects have been successfully utilized, especially for classification problems (2). 

In addition, object-oriented image processing implies a compression of the original data. When 
neighbouring pixels are merged to objects, their spectral information is averaged to one spectral 
mean value. The memory space that is needed to store the information of a segmented image is 
thus smaller by a factor equal to the average object size. Unlike other compression methods, e.g. a 
rescaling to a lower resolution, the spatial generalisation during segmentation follows borders in 
the natural environment. 

Nevertheless, a software independent file format for segmented images is still lacking and the 
processing of image objects is often limited to the methods of individual software packages. The 
most known segmentation algorithm is probably the multiresolution segmentation (3) as imple-
mented in the software eCognition. Image objects can be classified using a nearest neighbour 
classifier or hierarchical membership functions in this software. Results from the segmentation or 
subsequent classifications can be exported as shape or raster files with attribute tables. This way, 
a useful link to geographic information systems is provided but an interface to other image proc-
essing software that offer a greater variety of methods, e.g. transformations, spectral unmixing, or 
different classifiers, is missing. 
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In order to allow maximum flexibility concerning software packages and processing methods, a 
generic and non-proprietary format seems appropriate. A systematic arrangement of the object 
information is needed to allow an easy reconstruction of the original spatial information of the ob-
jects while making best use of the compression effect. 

Against the background of steadily increasing spectral and spatial resolution useful compression 
methods for imaging spectrometer data are important in order to reduce storage space and proc-
essing times. 

METHODS 
Data 
Two HyMap test data sets are used for the present work. The data were acquired over Berlin, 
Germany, on 30 July 2003 within the HyEurope 2003 campaign by the German Aerospace Center. 
A radiometric pre-processing was carried out based on MODTRAN including water vapour esti-
mates per pixel. After the removal of noisy bands, 116 bands remained in the data sets. 

Test data set 1 is a 882 x 895 pixel subset of a flight line that was parametrically geo-rectified us-
ing the software PARGE (4). The spatial resolution of the subset after resampling is 3.5 m. It cov-
ers an area in the centre of Berlin (figure 1). 

 
Figure 1: A subset from HyMap data of central Berlin that is used as test data set 1. [R - band 27; 
B - band 81; B - band 16] 

Test data set 2 consists of a complete HyMap flight line before geo-rectification with 3047 x 512 
pixels at a spatial resolution of 4.6 m. Various types of urban structures are represented in the im-
age, which extents from the central governmental district eastwards to suburban areas. 

 
Figure 2: Test data set 2, a complete HyMap flight line [R - band 27; B - band 81; B - Band 16] 
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Image segmentation 
The multiresolution segmentation is probably the most frequently used segmentation approach and 
is applied to the two HyMap test data sets. The focus of the present work is to implement a quick 
approach with a sensible spectral generalization. Thus, both data sets are segmented giving equal 
weight to all bands while using only spectral information for calculating the heterogeneity measure, 
the so-called scale parameter. For reasons of sensitivity testing, two different scale parameters are 
chosen, 20 and 35, and altogether four segmented images are consequently generated. A visual 
inspection shows that objects appear spectrally homogeneous in all four cases. 

 
Figure 3: Area in test data set 1 after segmentation with scale parameter 35. Object outlines are 
displayed on the original pixel image. [R - band 27; B - band 81; B - band 16] 

Figure 3 shows that object outlines follow borders according to the spectral information of the im-
age. This way, the generalization process minimizes the loss of original spectral information. Ho-
mogenous areas, e.g. water bodies, are segmented into larger objects (red outline in figure 3) and 
are hence compressed by a greater factor. 

The objects’ spectral mean values are exported in two files: (1) a table in CSV format with one line 
of spectral mean values for each object following the respective object ID. (2) one raster layer in 
TIFF format with the spatial extent and resolution of the original image. The cell values correspond 
to the ID of the object that is located at this position. This way the original spatial context can be 
reconstructed.  

Object-compressed band sequential format for segmented images 
The exported spectral mean values of the objects are read from the CSV table and stored in a 
band sequential file with the dimensions # objects x 1 x # attributes. The information of one object 
is rewritten as a pixel in a single line image. The 116 spectral bands of this pixel correspond to the 
116 spectral mean values of the object. The resulting file is similar to a vertical slice of an image 
cube, but the word image is not appropriate, because the pixels’ positions have no spatial mean-
ing. Instead their indices in the line array are equal to former object IDs. The file’s structure is 
shown in figure 4. 

To generate an uncompressed segmented image from the compressed file or to display process-
ing results, the raster file with object IDs must be used. The spectral mean values are displayed at 
the positions of all pixels in the raster file that show the ID of the corresponding object. To optimise 
processing, the raster file has previously been saved as a generic file with one layer.  
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The file size of the object-compressed BSQ file with the spectral mean values can be calculated by 
dividing the size of the original image by the average object size. The compression factor, i.e. the 
loss of spectral detail, is directly related to the spectral heterogeneity threshold during segmenta-
tion. 

Figure 4: Structure of an object-compressed BSQ file (1). Objects are treated like pixels in a single 
line image; the spectral mean values of the objects are provided in separate bands. An uncom-
pressed segmented image can be generated using the raster file with object IDs (2). In this case, 
IDs are exchanged with attributes of the pixel with the corresponding ID/index and original object 
positions are thus reconstructed. 

Working with object-compressed BSQ files 
A further processing of the object-compressed BSQ files requires the user to differentiate between 
methods according to their dependency on the spatial context of the processed image. Texture 
filters or filters in the frequency domain of individual bands can not be applied. Methods like spec-
tral angle mapping, spectral unmixing or unsupervised classifiers consider each pixel individually 
and can be applied without restriction. 

A spectral angle mapping (SAM) is performed to test the processing of object-compressed BSQ 
files. Training spectra are taken from a spectral library that was built using average values from 
sample areas in the original image. Vegetation, soil, roof tops and impervious grounds are classi-
fied. For comparison, the original image is classified with the same training data. 

Methods that take into account image statistics, e.g. principal component analysis (PCA), or meth-
ods that require the variance of original pixels, e.g. maximum likelihood classification (MLC), can 
be applied, but they are influenced to a great extent by the changes in image statistics and geome-
try. A PCA is performed on the object-compressed and the original data sets. The differences be-
tween the components are compared. 

The conversion of the CSV table to the band sequential format as well as the display of the com-
pressed files using the raster information is performed by IDL routines.  
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RESULTS AND DISCUSSION 
Performance of compression methods 
The purely spectrally driven segmentations of the two test data sets lead to results that are a good 
trade-off between generalisation, i.e. loss of spectral detail, on the one hand and data compression 
on the other. At an average object size of 22.07 pixels (scale parameter 35), objects cover rea-
sonably homogenous areas (compare figure 3), while the size of test data set 1 of 178 Mbyte is 
reduced to 8 Mbyte. The large average object size of this data set is to some extent caused by the 
triangular areas of no-data values along the edges of the image, which result from the geo-
rectification and are segmented to very large objects. Conversion times to generate the com-
pressed BSQ files from the CSV tables are fast (table 1). 

Depending on the method, the processing times using object-compressed BSQ files are decreased 
to a great extent. PC transformation of data set 2, for example, is more than 7 times faster when 
compressed by factor 12.94; the SAM is more than 70 times faster on the same data. 

Table 1: Overview on file sizes, segmentation parameters, compression factors and conversion 
times for the two HyMap test data sets. (All processing times relate to a 800 GHz AMD Athlon with 
512 Mbyte RAM)  

 Test data set 1 
HyMap subset 

[882 x 895 x 116] 

Test data set 2 
HyMap flight line 

[3047 x 512 x 116] 
# Pixels 789 390 1 560 064 
Size orig. BSQ [MB] 178 353 
Scale parameter 20 35 20 35 
Avg. obj. size 7.07 22.07 3.69 12.94 
# Objects 111 638 35 772 422 522 120 584 
Size CSV table [MB] 90 33 333 109 
Conversion time [sec] 97.8 34.1 660.0 109.7 
Size BSQ [MB] 25 8 95 27 

Image analysis of object-compressed data 
Not all methods can be performed directly on the single line image with BSQ structure. As men-
tioned above, filters on the spatial or frequency domain do not work. In addition, training areas can 
not be defined on the pseudo image itself due to the missing spatial context and the user has to 
define those in a scatter plot to use methods like the MLC. 

The PCA performs very fast on the object-compressed BSQ files, even for the large test data set 2. 
Because of the method’s dependency on image statistics, the resulting components differ from 
those of the original image. Whereas the first components are very similar, changes occur in 
higher components (figure 5). These differences are caused by the variable object size after the 
segmentation. On homogenous areas like water bodies more pixels are combined to one object. 
According to the new structure of the object-compressed BSQ file, all objects – regardless of the 
original size – are weighted equally in image statistics. Thus, the principal components are less 
influenced by these homogenous areas. Meanwhile, surfaces that mainly occur in a heterogene-
ous structure of small objects have more influence on the transformation process.  

The spectral angle mapping can be performed without any restrictions and the exponentially faster 
processing allows for an easy adjustment of the angular thresholds. Looking at the results of the 
object-oriented analysis, typical differences compared to pixel-based approaches can be observed: 
the classification result is easier to interpret, misclassifications of single pixels are avoided and the 
generalisation eliminates very small objects that are below the scale of interest, but at the same 
time, some detail of interest is lost and misclassifications of objects lead to severe errors (figure 6). 
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Figure 5: Comparison of principal components from original test data set 1 (top) and test data set 1 
object-compressed with scale parameter 35 (bottom; reconstructed for display). PC 1 and PC 2 are 
almost identical for both images, PC 6 is different (from left to right). 

  

    
Figure 6: Results from spectral angle mapping using pixel image (left) and object-compressed data 
(right; reconstructed for display). For details see text. Spectral data is displayed at top [R - band 
27; B - band 81; B - Band 16] 
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CONCLUSIONS 

Large data sets can be compressed based on the results from image segmentation and stored in a 
flexible file format that allows for a processing with a variety of methods outside standard segmen-
tation software. The resulting object-compressed BSQ format leads to a time- and memory-efficient 
processing. Results show that the generalisation resulting from a purely spectrally based segmen-
tation is useful: images are compressed to a considerable degree while not too much spectral in-
formation is lost. 

In the present study, only spectral mean values of objects were used. In addition, an arbitrary 
number of object attributes, including shape parameters, texture measures or even relations to 
super- or sub-objects can be stored in the generic format and integrated into subsequent analyses. 

The suggested file format is not restricted to the work with objects that results from a multiresolu-
tion segmentation and can actually be used for the compressed processing of object information 
derived by any segmentation algorithm. 

The processing of the object-compressed pseudo images has to be judged against the background 
of the methods’ dependency on spatial context, image statistics and spectral variance. The differ-
ences in the results from a principal components transformation of the compressed data should be 
further investigated. They might be advantageous for the description of small areas that are now 
given more weight for the transformation.  

Application of a spectral angle mapping using object-compressed BSQ data seems very promising 
and will be investigated in more detail. Due to the flexibility of the format, the mentioned differ-
ences between object- and pixel-based approaches can now be directly compared using the same 
classification algorithm. 

Following the present study, the work with object-compressed files will focus on data transforma-
tions like the minimum noise fraction transformation but also transformations like the canonical 
discriminant analysis and the decision boundary feature extraction, which are both sensitive to in-
put classes. 
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