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ABSTRACT:  
 
In the paper, a novel method for high spatial remote sensing data classification was put forward. The method was based on fuzzy set 
theory combined with NDVI. The classification experiments were carried out by the pan-sharpened multispectral QuickBird image. 
Then the classification process was given using the combined NDVI image with multispectral QuickBird image. The fuzzy set 
theory could solve the uncertainty of remote sensing information well. Accuracy evaluation on the experiment results was given. We 
concluded that the classification method based on fuzzy set theory was helpful for the classification accuracy of the final result. The 
hybrid method had higher classification performance. 
 
 

1. INTRODUCTION 

High spatial resolution remote sensing data were received 
much more in recent years. It includes IKONOS data, SPOT-5 
PAN data, QuickBird data, etc. They have been used in urban 
remote sensing, urban planning, precision agriculture, etc. The 
moderate-spatial resolution remote sensing data (e.g., Landsat 
TM data, SPOT-4 data, CBERS-1 data, etc) didn’t satisfy the 
application of the satellite images over urban areas. High 
spatial resolution remote sensing data processing became one 
of the focus and difficulty in remote sensing field since 1999s. 
The common software systems (for examples, ERDAS Image, 
ENVI, PCI, etc.) face more problems for the high spatial 
resolution remote sensing data, because high spatial resolution 
data have much more information. Therefore the research of 
high spatial resolution processing methods is very important 
for the application of high spatial resolution data. 
The high spatial resolution image (e.g., IKONOS image) have 
been classified using fuzzy theory by A. K. Shackelford and C. 
H. Davis[1][2] and a hopfield neural network by A. J.Tatem, et 
al. [3]. In addition, a wavelet transform based method for road 
extraction from high-resolution remotely sensed data have been 
investigated by T. Chen, et al.[4]. High-resolution urban 
imagery was analyzed using morphological segmentation 
method by M. Pesaresi and J. A. Benediktsson [5]. Fuzzy 
classification techniques allow pixels to have membership in 
more than one class and therefore better represent the 
imprecise nature of the data[2]. The approach presented in the 

paper utilizes both the pan-sharpened mulitispectral image  and  
the NDVI image. The pan-sharpened multispectral image are 
first classified by the fuzzy classifier. The pan-sharpened 
mulitispectral and NDVI images are then classified by the 
fuzzy classifier. Accuracy evaluation on the two classification 
results are carried out. Because the vegetation information is 
great over the urban areas, so it may infulence the classification 
results. At the same time, extraction of the vegetation 
information  are given using the different images. 
The paper structure is as follows. The fuzzy classifier using the 
different images are decribed in section 3.  The accuracy 
evaluation on the classification results and the vegetation 
information results are given in section 4.  
 

2. DATA SET AND STUDY SITE 

The QuickBird standard data consisted of one panchromatic 
image at 0.61-m resolution and four multispectral images at 
2.44-m resolution, which were acquired on 2007-07. The 
QuickBird imagery was radiometrically corrected, sensor 
corrected, and geometrically corrected. Pixels were also 
recorded in 11 bits. The pan-sharpened multispectral image 
was gained by pan-sharpening processing of the one 
panchromatic image and four multispectral images. The 
specifications of spectral wavelengths and spatial resolutions 
for QuickBird imagery [6] are listed in Table 1. 

 

 Panchromatic (nm) Blue (nm) Green(nm) Red(nm) Near IR (nm) Spatial resolution 

QuickBird Standard 450–900 450–520 520–600 630–690 780–900 0.61m(Pan), 2.44m(Multi)

 
Table 1 Spectral and spatial resolution of QuickBird image 
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The study site is located in northeast of Nanjing city, China. 
There are much more vegetation information in this area. It 
includes part of xuanwu lake and part of zijin mountain. Field 
investigations have been carried out by GPS mapping. Based 
on this background information, six land cover types were 
chosen for the classification, including water, tree, building, 
grass, road and bareland. The pan-sharpened multispectral 
QuickBird image shows in Fig.1. The size of the study area is 
2000×2000 pixels. 

 
Figure.1 The pan-sharpened multispectral QuickBird image 

 
 

3. FUZZY CLASSIFICATION METHOD  

The definition of the urban land cover information is clear in 
the pan-sharpened multispectral image of the study area. So the 
land cover types were split to more small types for the different 
six types. Then the small types were combined in the 
classification result. The pan-sharpened multispectral image 
was first classified by supervised classification technique. At 
the same time, the distance file was produce. According to the 
distance file, the classified image was classified by the fuzzy 
classifier. The fuzzy classification image is show in Fig.2. 
 
 

 
 

Figure.2 The fuzzy classification image from the pan-
sharpened multispectral QuickBird image 

 
The vegetation information is the mainly land cover type over 
the urban areas. So the classification scheme was considering 
the NDVI image. The NDVI image combined with the pan-

sharpened multispectral QuickBird image is show in Fig.3. 
From the Fig.3, the land cover types are obviously each 
other.Especially the tree and grass information are much more 
clear. The combined NDVI image with multispectral 
QuickBird image was classified by the fuzzy classifier also. 
The fuzzy classification image is show in Fig.4. 
 

 
 
Figure.3 The combined NDVI image with multispectral 

QuickBird image 
 
 

 
 
Figure.4 The fuzzy classification image from the combined 

NDVI image with multispectral QuickBird image 
 
 

4. DISCUSSION 

Some land cover types were confused in the fuzzy 
classification image from the pan-sharpened multispectral 
QuickBird image (Fig.2).  The single classification type was 
cracked. The water was confused with the stadium areas. From 
the Fig.2, some land cover types were classified mistakenly in 
the right-down and the left-middle of the image.  
From the Fig.4, the classification types were holistic in the 
image. The water wasn’t confused with the stadium areas. The 
road was well detached from the building. The classification 
accuracy of the fuzzy classification image from the combined 
NDVI image with multispectral QuickBird image was higher 
than that of the fuzzy classification image from the pan-
sharpened multispectral QuickBird image. 
In conclusion, the known knowledge of the land cover types 
help to the land cover classification over the urban areas. The 
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NDVI image was imported to the classification process, it was 
distinct. 
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