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ABSTRACT: In recent years, the demand of three-dimensional model of buildings in cultural heritage and urban 
areas is growing rapidly. In dense urban areas, close-range digital photogrammetry is appropriate in terms of the 
cost and portability. However, in dense urban areas, the orientation may fail especially in case with narrow streets 
and many obstacles. In addition, it is quite time-consuming to manually select passpoints necessary for building 
modeling. Therefore, the objective of this study is to examine the preprocessing for the efficient modeling of the 
buildings in dense urban areas using digital photogrammetry. Automatic extraction of planes consisting of a 
building can help users in modeling. In the proposed approach, the planes are extracted using the three-dimensional 
coordinate and color data of points on buildings. First, relative orientation is conducted and a large number of 
passpoints are generated using SIFT (Scale-Invariant Feature Transform). Then, the passpoints are automatically 
classified into several independent planes. Finally, the boundary of the plane is determined through region-growing 
algorithm by referring to the brightness of images. The plane classification prior to the region-growing can merge 
the shadowed regions with non-shadowed regions, and reduce the shadow effect. In the experiment, images were 
obtained in Hanoi Old Quarter. As a result, it was found that three or four planes, walls and commercial signs, were 
successfully extracted from these images by using the proposed method. On the other hand, the other planes were 
not extracted because the planes had been divided by the obstacles or the patterns on the planes were intricate. In 
future, it is necessary to consider how to improve the accuracy of the extraction using the three-dimensional 
coordinate data instead of the color data. 
 
1. I	TRODUCTIO	 
 
In recent years, the demand of three-dimensional model of buildings in cultural heritage and urban areas is growing 
rapidly. For example, in Southeast Asia, many areas come to be rapid urbanization. Hanoi, Vietnam is one of the 
fastest growing cities, and is also historic city because of its having about 2,000 historic sites and buildings. In this 
area, the three-dimensional model of the urban area is helpful in the landscape conservation and the disaster 
management. In generally, the proper measuring method of modeling is selected according to the purpose and the 
target area. In dense urban areas, such as Hanoi, close-range digital photogrammetry is appropriate in terms of the 
cost and portability. With the development of bundle adjustment method, close-range digital photogrammetry is 
developed; it was possible to measure with high accuracy by using a commercial digital camera. However, in the 
images taken at the Hanoi Old Quarter, there are many obstacles such as trees and bikes on the street. They often 
cover the plane of the target building. Therefore it is difficult to measure in this situation. Furthermore, when 
modeling by using close-range digital photogrammetry, the corresponding parts between two images (typically, the 
end points of the building surface) have to be extracted to obtain the information of building such as width and 
height. This work is often done manually. Therefore, if an obstacle is in the images, it takes a lot of effort. In 
essence, it is very useful to extract the plane containing the building automatically in spite of obstacles. In addition, 
the images taken at the Hanoi Old Quarter, there are many signs and windows on the front and the side wall of the 
building. Each of them has a plane parameter which is different from the other parameters. The plane object like 
this makes a small area in the image. When taking by using two cameras, each corresponding areas between two 
images are associated with a different projection transformation matrix. Therefore, the extraction of multiple 
regions of small areas in the images leads to determine some projection transformation matrixes accurately 
(Sakamoto, 2003) (Ueshiba, 2002) (Xu, 2000) (Zhang, 1995). This is an important technology to improve the 
accuracy of its three-dimensional reconstruction. Based on the above, the purpose of this study is to accurately 
extract multiple regions of small areas on the building in the images. In the proposed method, the contours around 
the regions are extracted by using two constraints; the three-dimensional geometric conditions and the color 
information of the images. 
 
 
 
 



2. THE PROPOSED METHOD 
 
In this method, first, the feature points are extracted by using SIFT (Scale-Invariant Feature Transform) on each 
image separately. SIFT is one of the operators to extract the feature points (Lowe, 2004). And then, the association 
program makes the extracted feature points corresponded with each other (Fujiyoshi, 2007). After the association of 
corresponding parts, the three-dimensional feature points coordinates is obtained. Second, each point is classified 
according to the plane on which it exists in the terms of the geometry that points make up planes. Next, in one 
image, the classified points are defined as the starting points, and the region of the plane starts to be extended by 
using the color information of the image plane. Finally, the area is determined by extracting the boundaries. 
 
2.1 Extraction of passpoints by using SIFT 
 
In this study, on the images, a large number of corresponding points (passpoints) are obtained in term of the 
technology of automatic extraction of corresponding points by using the SIFT. After the relative orientation by 
using this passpoints, their three-dimensional coordinates are obtained by stereo matching. 
 
2.2 Classification of three-dimensional point cloud 
 
The automatic classification of three-dimensional point cloud is divided into the following three tasks significantly. 
Through these procedures, each point is classified according to the plane on which it exists and is allocated the 
plane number. 
 
(1) Extraction of sub-planes: First, it is examined how many points there are within 2 m radius around any point 
in three-dimensional point cloud data. If there are more than 5 points, the candidate plane (sub-plane) is made up by 
using the least squares method sequentially as shown in Figure 1. 
 

Figure 1 Extraction of sub-plane 
 
The equation of sub-plane [i] (i = 1,2, ...) is defined by using the dimensional coordinates (x, y, z) as follow 
respectively. 
 

(1) 
 
(2) Integration of sub-planes: Next, several sub-planes are examined whether they share the same plane. If they 
share the same plane, they are integrated as one plane. In this study, two conditions are defined. One is the 
condition about the distance from one centroid of the points that make up the sub-plane to the other centroid. In this 
condition, the maximum distance was set 2 m. The other condition depends on whether the centroid of one 
sub-plane (for example, sub-plane 1) satisfies the equation of the other sub-plane (for example, sub-plane 2) within 
the error of 0.2 m. If these two conditions are satisfied, the integrated plane is configured by using the all points that 
make up two sub-planes according to the procedure of (1). Then, the independent planes are finally generated as 
shown in Figure 2. 

Figure 2 Integration of sub-plane 
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(3) Integration of unclassified points: Finally, the points unclassified into any sub-plane in the procedure of (1) 
are examined whether they are classified. The result of this final classification depends on the distance from one 
unclassified point to a sub-plane. If the distance is less than 0.2 m, the point is classified. 
 
2.3 Region-growing by using color information 
 
In this section, the method of region-growing is introduced. Region-growing is proposed by Haralick and Shapiro 
in 1985 (Shapiro, 2001) and one of the methods that expand the region of an area on images under some condition. 
Region-growing is a simple region-based image segmentation method. It is also classified as a pixel-based image 
segmentation method since it involves the selection of starting points. This approach to segmentation examines 
neighboring pixels of starting points and determines whether the pixel neighbors should be added to the region. The 
process is iterated on, in the same manner as general data clustering algorithms. The algorithm in this study is 
consisted of two procedures described below. The color information is used as the condition of extending an area on 
images. 
 
 (1) For pixels in eight directions around a starting point,their RGB values is compared with that of the starting 
point respectively. If the deference is within ± 4, the neighboring pixels are determined to belong to the same plane 
which the starting point belongs to. 
 
 (2) The new starting points are selected from the pixels determined to belong to the same plane. The work of (1) is 
repeated until the deference is not within ± 4. 
 
In this study, initial starting points are the three-dimensional points data classified according to the method of 
chapter 2. 
 
2.4 Extraction of boundary 
 
After the planar region is confirmed by using the region-growing method described in section 2.3, the boundary of 
the planar region often contains irregularities. Therefore, it is demanded to extract the boundary of the plane as a 
straight line. In this section, the method to approximate a border to a straight line is introduced. This method is 
based on Hough transform. 
 
(1) Hough transform: The Hough transform is a feature extraction technique used in image analysis, computer 
vision, and digital image processing (Shapiro, 2001). The purpose of the technique is to find imperfect instances of 
objects within a certain class of shapes by a voting procedure. This voting procedure is carried out in a parameter 
space, from which object candidates are obtained as local maxima in a so-called accumulator space that is explicitly 
constructed by the algorithm for computing the Hough transform. The theory is described bellow. Any point (x, y) 
is in the two-dimensional coordinate system. All of the lines passing through the point (x, y) are determined by two 
parameters (ρ, θ). ρ is the distance from the origin perpendicular to the straight line. And θ is angle between the 
x-axis and the segment of the distance ρ. It is shown as the following equation. 
 

(2) 
 
(2) Extraction of lines by using Hough transform: After the region-growing processing of section 2.3, the planar 
region is obtained as shown in Figure 3. In this stage, the boundaries are uneven. Therefore, they are demanded to 
be approximated to straight lines. First, Hough transform is applied to the points which form the boundary in order 
to find the intersection (ρ1, θ1) which most curves pass through in ρ-θ coordinate space. And then, the second most 
intersection (ρ2, θ2) is determined. θ has to stratify the following condition since the line of the boundary is 
horizontal or vertical for x-y coordinate system of an image. 
 
 

(3) 
 
 
Next, the lines of l1, l2 are made by substituting the parameters of (ρ1, θ1), (ρ2, θ2) for equation (2) respectively. 
These lines' length is limited by the planar region. l1 and l2 are shown in Figure 4. Finally, two missing lines are 
interpolated and the final boundary is formed as shown in Figure 5. 
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Figure 3 Initial boundary estimated by using region growing 
 

Figure 4 Two lines extracted 
by using Hough transform 

 

 

Figure 5 Final boundary extracted 
by the proposed method 

 
3. EXPERIME	T 
 
This method of extracting planar region was examined for the images taken in Hanoi Old Quarter bellow. 
 
3.1 Experiment by using the different images in having pass points 
 
In this experiment, two data sets were used. One of the sets included the two images having 50 passpoints extracted 
by using SIFT. The other included the two images having 195 passpoints. These are shown in Figure 6 and 7 
respectively. And the accuracy of these orientations is shown in Table 1. These orientations were carried out by 
using the software "Image Master" made by Topcon. When the proposed method was applied to these images, the 
result of classification of the three-dimensional points data were shown in Figure 8 and 9, and the extracted regions 
were shown in Figure 10and 11 respectively. As this result, it was revealed that the planar regions were extracted a 
little more accurately in the images concluded a lot of pass points than a few pass points. Specifically, the plane in 
left side of images was extracted more wildly in Figure 7 than in Figure 6. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

      Figure 6 Data set (50 pass points)                      Figure 7 Data set (195 pass points) 
 

Table 1 Accuracy of orientation 
 
 
 
 
 
 
 
 
 
 
 
 
 

Pass Points Y-parallax RMSE 

50 0.30 0.15 

195 0.21 0.11 



 

 
Figure 8 Classification of the 50 points data        Figure 9 Classification of the 195 points data 

 

 
Figure 10 Planar region obtained by using  

the proposed method (50 pass points) 
 

 
Figure 11 Planar region obtained by using  

the proposed method (195 pass points) 
 

3.2 Experiment by using the images taken diagonally 
 
In this experiment, the proposed method was applied to the images taken diagonally as the face of building in an 
image was not parallel to the same face in the other image. The used data set included three successive images as 
shown in Figure 12. And there were 50 passpoints per pair of neighboring images. The accuracy of the orientation 
was shown in Table 2. When the proposed method was applied to these images, the result of classification of the 
three-dimensional points data were shown in Figure 13, and the extracted regions were shown in Figure 14. It was 
possible to extracting the boundary. In generally, the orientation of these images is difficult since they are able to 
overlap well. Therefore, it is considered that the three-dimensional reconstruction is accurately obtained by using 
some projection transformation matrixes of multiple regions extracted in this method. However, the extraction 
planar regions is difficult by the complex pattern on the plane and the difference in the brightness between the 
forward and the backward plane of the images. Specifically, the plane in right side of images was not extracted 
perfectly as shown in Figure 14. 
  

 
 
    Table 2 Accuracy of orientation 

 
 
 
 
 
 

                      Figure12 Data set 
 

Pair Y-parallax RMSE 

Pair1 0.40 0.68 

Pair2 0.23 0.27 



 
 
 
 

 
Figure 13 Classification of the points data        Figure 14 Result of region growing (3 images) 
 
4. CO	CLUSIO	 
 
In this study, the combination of three and two dimensional data makes it possible to extract the corresponding 
planar regions accurately on the images. It is difficult to configure the planar region strictly by using only the 
three-dimensional points data (Kawakami, 2005). On the other hand, by using only the two-dimensional image data, 
the planar region is often separated due to the obstacle on the image and extracted unnecessary area like shadowed 
regions. Therefore, this method is effective to extract the planar regions strictly. In this study, it is the premise that 
passpoints are extracted accurately by using SIFT. However, passpoints extracted by the method using SIFT are not 
necessarily correct and they are often concentrated into a part of an image. Therefore, it is demanded to establish 
the method of extracting passpoints accurately and sparsely on the images. If there are a lot of accurate passpoints 
evenly throughout the image, it is possible to extract the planar region accurately. Furthermore, the effect of 
obstacles is not removed perfectly since the region growing is carried out in two-dimensional space. Therefore, the 
obstacles are able to be removed as the subjects on the foreground by using the region growing in the 
three-dimensional space. These proposed methods have to be examined in the future study. 
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