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Abstract. This paper proposes a method by which scattered LIDAR point clouds 
are converted into a two-dimensional image and then building footprints are 
extracted through the image processing. Firstly point cloud grid is handled to 
generate georeferenced feature image, and then image threshold segmentation, 
morphological close operation, connectivity analysis and contour tracking 
method is used to obtain the final building footprints. Finally, based on the 
mapping relationship between georeferenced feature image and scattered point 
clouds, building outline points are obtained. Experimental result shows that this 
method could extract building footprints very well in plain area, but due to the 
adoption of single image segmentation method in the georeferenced feature 
image, it is not suitable for the building footprints extraction in mountainous 
area. 
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1 Introduction 

Airborne laser scanner (ALS) is a new technical measure which is developing very 
rapidly in recent years. Due to its ability to quickly obtain space 3d information, 
nowadays it is widely used in 3d city modeling and spatial information analysis [1]. In 
the 3d city modeling, building is the main entity of spatial information. Therefore, it is 
of great research value to extract the building footprints information from LIDAR point 
clouds quickly and accurately. Fig. 1 shows the measurement process of airborne 
LIDAR system [2]. 

Methods of building footprints extraction have been extensively studied at home and 
abroad in recent years. Haithcoat, et al. (2001) set different thresholds to extract 
building footprints from LIDAR point clouds by adopting different height and shape 
characteristics [3]. Zhang, et al. (2006) used region growing and plane fitting methods 
to distinguish building from vegetation with the help of normalized DSM (nDSM) [4]. 
Li, et al. (2008) firstly eliminated lower ground objects through setting threshold, and 
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then used morphological open operation to interrupt the non-building part attached to 
the building. Finally, he used region growing method to detect the connection area and 
then clustered buildings [5]. Al-Durgham, et al. (2012) firstly used region growing 
method to extract plane, and then adopted the improved convex hull algorithm to 
estimate rough outline of the roof. Finally, he used recursive minimum bounding 
rectangle method and Boolean operator to produce the final rules and boundaries [6]. 

 

 

Fig. 1. Sketch map of LIDAR scanning (Flood and Gutelius, 1997) 

All methods above can extract building footprints with good effects, but most of 
them are more complicated. Due to the huge number of LIDAR point clouds, 
complicated methods always need more complex computer computation and longer 
computing time, which is against the will of quick spatial information acquired by 
using airborne radar. Therefore, it is very necessary to design a simple, rapid and 
effective building footprints extraction method. 

2 Building Footprints Extraction  

Airborne LIDAR point clouds mainly contain three-dimensional coordinate 
information, so we cannot conduct point clouds classification and feature extraction 
directly. The main train of thought of the method proposed by this paper is that 
elevation values can be converted to grayscale values through grid handling, which can 
be generated georeferenced feature image. And then through image threshold 
segmentation, morphological close operation, connectivity analysis and contour 
tracking, building footprints can be extracted. Fig. 2 elaborates the processing flow 
chart. 
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Fig. 2. The flow chart of the proposed method 

2.1 Georeferenced Feature Image Generation 

To turn scattered point clouds into two-dimensional image, firstly what needs to do is 
grid handling which can project the scanned points onto X-Y plane. Then according to 
certain rules elevation values can be converted to gray values. Finally, characteristic 
value of each cell should be calculated to generate a georeferenced feature image. 
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(1) Point clouds grid handling 
First of all, cell size ( dH ) should be determined on the basis of point clouds 

sampling interval. The minimum and maximum values of X, Y 
( minX , minY , maxX , maxY ) can be obtained from the three-dimensional coordinate 

information of point clouds. And then width (W ) and height ( H ) of the georeferenced 
feature image and grid number of individual point ))(),(( iYiX numnum  can be calculated 

as below. 
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(2) Characteristic value of each cell calculation 
The minimum and maximum of Z coordinates ( minZ , maxZ ) can be obtained from 

point clouds data. According to the following equation elevation values can be 
converted to gray values. 
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Then we can use Eq. (4) to calculate the average gray value of each cell which can be 
regarded as the characteristic value of each cell. If the number of point clouds within 
the cell is 0, characteristic value of this cell should be assigned 0, performing black on 
the 2d image. After finishing this, the georeferenced feature image is generated. 
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2.2 Image Threshold Segmentation 

In light of buildings, trees and other landforms onto the generated georeferenced 
feature image all have different gray values, this paper adopts OTSU algorithm to do 
image segmentation. 

Firstly, we can initialize a gray value k . With this, georeferenced feature image can 
be divided into two types of target and background. Then we should calculate the 
probability ( 1ω , 2ω ) and average ( 1μ , 2μ ) of the two kinds. After this, the variance 

( )(2 kσ ) between the two kinds of classes can be calculated. 
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Where μ is the mean gray value of georeferenced feature image. 



Automatic Extraction of Building Footprints from LIDAR Using Image Based Methods 83 

 

Through constantly iterative calculation, once )(2 kσ reaches maximum, at this time 

the gray value k is requested. The targets whose gray values are greater than k are 
buildings[7]. 

2.3 Morphological Close Operation 

After image threshold segmentation the georeferenced feature image is performed as 
binary image, in which buildings are white color. In order to eliminate small hole on the 
binary image and repair the broken contour line to make it more smooth, we need to do 
morphological close operation. 

Morphological close operation can be defined according to the following formula. 
That is to say the structural element B to set A morphological close operation is to use B 
to do first expansion for A, and then use B to do second corrosion for the result.  

BBABA Θ⊕=• )(  .                                 (6) 

Among them, corrosion is to lead the outline to internal contraction, which can help 
eliminate the outline points. While expansion is to contact with the object of all the 
background to the object, which can make the outline expand to external [8]. 

2.4 Connectivity Analysis 

Due to the influence of external environment, point clouds data obtained by airborne 
radar always has gaps, which would cause a same roof of the house to be broken into 
two or more pieces embodied in the two-dimensional image. To solve this problem, we 
should do connectivity analysis. Connected in image processing usually refers to four 
connected or eight connected, which one to chose can be decided according to actual 
processing effect. 

Another function of connectivity analysis is to do the second judge for the target 
building. After the image threshold segmentation, some high trees, utility poles and 
high tension lines also would be mistaken for the target building. To avoid this 
situation, we should set an area threshold to judge the connected area of binary image, 
the one whose area is less than it should be weeded out. 

2.5 Contour Tracing Method  

To extract building footprints from connected binary image, a contour tracing method 
proposed by Pavlidis (1982) can be applied [9]. After finding building footprints in 
binary image, we can extract building outline points from LIDAR points according to 
the mapping relationship between image and point clouds data. 

3 Experiment and Analysis 

The experimental data comes from eight scenes data located in Vaihingen/Enz test  
field and the center of Stuttgart city which was obtained by ISPRS Commission  
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Ⅲ Working Group Ⅲ/3 ( http://www.itc.nl/isprswgIII-3/filtertest/index.html ). To test 
the effectiveness of the algorithm proposed by this paper, the experiment uses S31 
datasets as representative, which contains high density cement roof constructions, ups 
and downs vegetations and data gaps. The total number of S31 sample point clouds data 
is 28862. The point spacing is 1-1.5m and point density is 0.67 per square meter [8]. 

3.1 Georeferenced Feature Image Generation 

To make sure that most cells contain at least one point and the georeferenced feature 
image is without distortion, the cell size here is set to be 2m. After characteristic value 
of each cell calculation, we can get the final georeferenced feature image. As shown in 
Fig. 3, cells without point were turned out to be black, while roads and some low plants 
were characterized by dark color as their gray values were small. The roof of the 
building as well as some tall trees whose gray values were lager was characterized by 
bright color. Hence, the georeferenced feature image preserved the original shape 
information of the building very well.   

3.2 Image Threshold Segmentation Outcome 

As shown in Fig. 4, after image threshold segmentation the georeferenced feature 
image performed as binary image. The shape of buildings can be clearly recognized 
from the image. The reason why the borders are jagged is mainly result of grid 
handling, which has no effect on the extraction of building footprints. Some small 
white patches are caused by high trees or poles. 

 

  

      Fig. 3. Georeferenced feature image                  Fig. 4. Binary image  
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3.3 Connectivity Analysis Outcome 

Here we adopted four connected processing method and set the area threshold to be 20 
m2. In order to facilitate subsequent contour tracking, the transform was made for the 
binary image to turn the building to be black color. As shown in Fig. 5, after 
connectivity analysis the two houses at the lower right corner were connected together, 
which was in line with the field situation. In addition, some small patches whose areas 
were less than threshold were also removed.  

3.4 Building Footprints Extraction Outcome 

Applied the contour tracing algorithm to the binary image, we can get the final building 
outline, as shown in Fig. 6. Then according to the mapping relationship between 
georeferenced feature image and point clouds data, we can get 3d coordinates of 
building outlines. 

  

Fig. 5. Building shape after connectivity analysis       Fig. 6. Final building outlines 

4 Conclusion 

The method proposed by this paper firstly converts LIDAR point clouds to image 
information and then do a series of operation to the 2d image. The principle of this 
method is simple and it needs a small amount of calculation. From the experimental 
analysis, we can get that this method can extract the building footprints effectively and 
it can apply to most of plain area for building footprints extraction. As this method 
adopts single threshold segmentation method, it is prone to miscarriage in the 
mountainous area [10]. This also is what needs to be improved for this method. 
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