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Abstract—Recently, more and more high resolution remote 
sensing images appear, and they provide new data source for 
building extraction. Some building extraction methods are 
proposed to adapt to this trend. This paper addresses a semi-
automatic method that combines segmentation and region 
selection. First, mean shift segmentation is applied to the image, 
and then the region extraction is implemented through the 
interactively selection of building parts. Edge detection is also 
involved to get the boundary of buildings. At last, the paper gives 
the contrast of the unsupervised classification ISODATA result 
and this extraction method. 

I.  INTRODUCTION 
With the improvement of the spatial, temporal, 

radiometric and spectral resolution, accompanying by the 
rapid development of the art of data mining and digital 
imagery processing algorithms, we can acquire more land use 
and land cover information from remote sensing data. As one 
of the most important objects in the imagery, buildings have 
close relationship with the daily life of people. Building 
extraction is the key problem in the update of digital map and 
GIS database, the modeling of digital city, the development of 
virtual city, virtual tour and the industry of games. Because of 
its importance, the methods of detection and delineation of 
building are always been developed and prompted, and the 
extraction research has always been the hotspot in the fields of 
photogrammetry and remote sensing, computer vision and 
image understanding. At the same time, because of its 
complexity, it is also a difficult problem.  

Now the spatial resolution of the satellite imagery can 
reach sub-meter level, and the aerial imagery can even reach 
several centimeters. Many methods have developed especially 
to extract buildings in the high-resolution imagery. According 
to different manners, these methods can be sorted into 
different kinds: automatic and semi-automatic according to the 
interaction extent of human; single-view and multi-views 
according to different principles; region-based and edge-based 
according to the principle elements acquired manners. In 
[1][2] C. Lin and R. Nevatia analyzed the spatial relation of 
images, detected rectilinear buildings and constructed their 3-
D shape descriptions from a single aerial image of a general 
viewpoint. They used the geometric and projective constraints 
to make hypotheses for the presence of building roofs from the 
low-level features and to verify by using 3D cues. Shadows, 

wall vertical and base line are important cues in these 
methods. Stereo or multi-view analyses were also focused on. 
A. Croitoru and Y. Doytsher [3] described a method that based 
on a modified pose clustering method to incorporate weights, 
constraints, and various error sources followed by the voting 
process with the Hough Transformation. S. Müller and D.W. 
Zaum[4] presented a robust building extraction method. It 
started with a seed growing algorithm to segment the image, 
then calculated the photometric and geometric features for the 
further classification to extract the buildings. In [5] the authors 
used the classification result of multi-spectral images to 
proximately evaluate the location and shape of the buildings 
and used the segmentation result of panchromatic images to go 
on the fine extraction from Ikonos imagery. S. Levitt [6] 
designed a system to extract buildings in the sparsely built-up 
areas. The system integrated both edges and region factor, 
implements an operator named HO (Homogeneous Operator) 
and an area filtering operator to get buildings and shadows. 
DSM, DEM and LIDAR data are also involved as the 
auxiliary data source in many building extraction systems. In 
[7] multiple high-resolution images and Digital Surface Model 
(DSM) were combined to extract the urban buildings and 
roads in complex, stereotypical, residential areas. Every 
method has its advantage and disadvantage. The edge-based 
extraction can make full use of the spectral and edge 
information of imagery, and if assisted with uncertain 
reasoning and machine learning it can gain good effect. How 
to deal with the shadow, noise and the sheltering is its main 
problem. The region-based methods face the parameter 
selection problem and also the over-segmentation and under-
segmentation problem. Among so many methods and models, 
extraction methods are chosen according to the data available 
and actual condition. 

In this paper, we propose a semi-automatic method to 
extract building with segmentation, region growing and edge 
detection. The reasoning behind this process is that the 
characteristic of the high-resolution of imagery contains more 
details and information of the objects, and the relationship of 
pixels becomes more complexity and more important than low 
or middle resolution imagery. The object-oriented method is 
inevitable brought into the high-resolution building extraction 
procedure.  

The remaining part of this paper is organized as follows: 
In Section II, the building extraction framework is 



2008 International Workshop on Earth Observation and Remote Sensing Applications 
 

1-4244-2394-1/08/$20.00 ©2008 IEEE. 

constructed. In Section III the segmentation and filtering 
procedure is implied on the imagery. The building delineation 
work is done in Section IV. Section V and Section VI  show 
the extraction results and the conclusions are also made. 

II. THE FRAMEWORK OF THE BUILDING EXTRACTION 
PROCEDURE 

The building extraction is the procedure of the processing 
and analysis of images, to obtain the position and contour 
information of the buildings and to express them. Generally 
speaking, the work mainly deals with three problems: what it 
is, where it is and how to describe its features. The first 
problem is the recognition problem. Usually we mine as much 
information as possible to get the building features, to model 
them. Then we begin to solve the position problem. In our 
method, this is mainly done by people. “How” to delineate 
buildings is the last step, it converts the building information 
from the human aspect to the machine understanding.  The 
framework of the building extraction procedure is described as 
follow: 
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Figure 1.  The framework of the building extraction method 

According to this frame, image segmentation is the 
crucial step from pixel level to object level.  

III. IMAGE SEGMENTATION AND PRIMER PROCESSING  

A. image segmentation  
The image segmentation is to split an image into regions 

based on some criteria such as intensity, color, and texture or 
orientation energy. Before the image segmentation processing, 
we deal with pixels basically and after the segmentation, 
dealing with the homogenous regions. The segmentation 
processing is the bridge from pixel level to object level. The 
segmentation results influence the following extraction 
heavily. Considering image segmentation as the partition of an 
image into a set of no overlapping regions whose union is the 
entire image, some rules to be followed for regions resulting 
from the image segmentation can be stated as [8]: 

• They should be uniform and homogeneous with 
respect to some characteristics; 

• Their interiors should be simple and without many 
small holes; 

• Adjacent regions should have significantly different 
values with respect to the characteristic on which they 
are uniform; and 

• Boundaries of each segment should be simple, not 
ragged, and must be spatially accurate. 

The development of techniques for image segmentation 
has more than 40 years. Many segmentation methods have 
been developed, e.g. thresholding, k-means, Watershed 
Segmentation. Because the following extraction steps rely on 
the segmentation result heavily, so we need to find a robust, 
effective method. We need a segmentation algorithm that has 
good edge-preserving characteristic, and can be freely 
operated in the feature space. In our approach, we adopt the 
segmentation that based on the mean shift procedure. Mean 
shift is a non-parametric density gradient estimation method 
that was proposed by Fukunaga and Hostetler [9] and largely 
extended by Cheng [10]. It was used to find modes in a set of 
data samples. D. Comaniciu and P. Meer [11] proved that 
mean shift procedure can converge to the nearest stationary 
point and it can be used in detecting the modes of the images. 
Based on this principle, they applied and prompted mean shift 
in the mode detection and image segmentation. The procedure 
of image segmentation contains several steps: 

• Find all modes using the simple mean shift procedure. 

• Prune modes by perturbing them. 

• Prune nearby, take highest mode in the window 

• All data points in the attraction basin of a mode gather. 

• Cluster the clusters which are closer than window size. 

Run the segmentation procedure, the images convert 
from image space to object space. This is the basis for the 
further extraction work.  

B. image postprocessing  
The aim of the post-processing is to improve the image 

segmentation for the following feature extraction and 
delineation. The post-processing contains two steps: more 
contrast filtering and morphology operator. Through contrast 
filter, the regions’ edges become clearer; it is good for the next 
building extraction and edge detection. By use of morphology 
operators, the ragged edges of the regions are smoothed and 
small holes in the region are closed. The dilation and erosion 
operators are combined together to reach the filtering goal. 

C. Semi-automatic building extraction 
The difficulties in structuring and semantic attributation 

lead to low success rates of the automatic systems [12]. From 
the practical view, “use of knowledge and semi-automation are 
the only viable alternatives towards the development of useful 
object extraction system” [13], thus our building extraction is 
based on a semi-automatic way. We select a point as a growing 
seed through clicking on the homogenous region. We 
recognize the buildings instead of what the computer should do 

feature 

pixel 

Feature sets 
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in the automatic way. This step is also a region merge step. 
Some building bodies are over-segmented through this step and 
they will grow into a union region. The reason behind this 
method is to free people from the exhausted, repeated manual 
extraction work, and at the same time, to think over the success 
rates.   

IV. BUILDING DELINEATION  
The building parts need to be further processed. This is 

because the building parts may not be exactly as the actual 
buildings. Also, the over segment and under segment results 
will lead the extraction to bad results. For the fine building 
extraction, we had better to get the building boundaries for 
further regularization.  

A. Edge detection 
Edge detection is the basic steps in the edge-driven building 

extraction methods. In our method, it’s the important step to 
delineate the contour of the building. There are quite lot edge 
detection operators that are mature for use, such as Roberts, 
Sobel and Canny edge detector. We use Canny edge detector. 
The Canny operator has the nonmaximun suppression and 
hysteresis thresholding characteristics. Edge detection with 
Canny operator can think of the estimation of the gradient 
vector. 

 For the building bodies, we extract the contours through 
the edge detection procedure. The result is shown in figure 5. 

B. classification validation 
We adopt a pixel-based classification method to obtain the 

building class to contrast to the building extraction result. The 
unsupervised classification approach here used in this study is 
the ISODATA algorithm [14].It allows for the specification of 
the minimum and maximum number of output classes, 
maximum number of iterations, class merge distance (in gray 
values), maximum number of classes that can be merged in a 
single iteration, minimum number of pixels necessary to form a 
class, and percentage of pixels which can change classes each 
iteration [5].The classification result is shown in figure 6. 

V.  RESULTS   
The building extraction method is tested on the ADS40 

aerial images. The test area is shown in figure 2. 

The property of the test image is listed below: 

• Spectral resolution: Three bands(R/G/B), 8 bits /pixel. 

• Spatial resolution: 20 centimeters /pixel. 

• The test area is 867×617 pixels. 

As mentioned above, the building extraction follows 
several steps:  

A. Mean shift segmentation 
With mean shift segmentation, there are several parameters 

to be set: the bandwidth, the mini-region pixel numbers. 
Through experiments, finally we chose 12 as the spatial 

bandwidth, 8 as the color bandwidth and 120 as the mini-
region pixel numbers. The ellipse time is 55 seconds. The 
segmented image can preserve object edges well just as shown 
below. 

 
(a) 

 
(b) 

Figure 2.  The test area and the segmentation result.(a) the test area: ground 
resolution: 0.2m. (b) the segmented image 

B. Image filtering 
Use linear contrast enhanced method to make the objects 

and the background to be separated easier. Then the 
morphology operators are implemented. In our process, we use 
the erosion operators twice then dilation twice. The small holes 
are filled. Figure 3 use another small image to show the 
operator results in  details. 

 
(a) 
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(b) 

 

Figure 3.  Example of morphology operators. (a) segmented image.(b)image 
after morphology operator 

C. Interactive building parts extraction 
Although the morphology processing filtered many small 

objects and filled small holes, still, the over-segmented and 
under-segmented buildings objects existed. In a semi-automatic 
manner, human and computer interactively recognize and 
extract the building bodies, and merge the over-segmented 
parts through this process. Select an image object through click 
a point on it, then the buildings will grow automatically. The 
test image extraction result is shown in figure 4. 

 

Figure 4.  Example of semi-automatic building extraction.  

D.  building contour expression 
Use boundary to delineate the building, it is useful for next 

utility, for example, convert to vector for the GIS database 
update, and change detection. 

In this process, the Canny edge operator is implemented. 
The result is shown in Figure 5. 

 

Figure 5.  Building boundaries 

E. Classification validation 
We make a contrast between our extraction results with the 

ISODATA unsupervised classification result. 

Figure 6 shows the building class derived form the 
ISODATA classification. In (a) the yellow parts represent the 
buildings, and the blacks represent the background. In (c) the 
red line represents the extraction result with the proposed 
method; the blue parts are the building bodies from the 
building map. Because the test area is quite ideal, the 
classification result and the boundaries got from the semi-
automatic extraction are overlapped well. For the top-middle 
and top right corner in the classification image, some small 
objects such as cars are recognized as building class because of 
the same spectral information. In the middle left, the small 
building with blue are omitted. “Pepper and salt” noise still 
exists in the classification images because it bases on the pixel-
level processing.  

 
(a) Classification result-building map 
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(b) Building class overlaid on the image  

 

 
(c) Contrast between the ISODATA classification and the building extraction 

Figure 6.   The contrast reslut 

VI. CONCLUSION  AND FUTURE WORK 
This paper addresses a semi-automatic method to extract 

buildings in high-resolution images. It combines the region-
driven method and edge-driven method. The whole procedure 
is simple and operable. Its advantage is shown below: 

• It works on every type of building, because it does not 
think of the shape factor. 

• It can overcome the pepper and salt noise because it 
mainly deals with objects, and the efficiency of this 
method is quite high. 

The disadvantages of this method and the future work: 

• The extract results heavily relied on the segmented 
results. When the image spectral information is 
complex, the method can not do well with the under-
segmented building parts. In future work, we will add 
feature and knowledge information to control the 
segmentation processing to get the robust segment 
results. 

• The contour of buildings needs to be further processed. 
In the future work, the ACM, Hough transform and 
least square algorithms will be involved in to improve 
the extract of fine boundaries of the buildings. 
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