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Abstract  In existing research about 3D city map, geometrical information of buildings’ facade is derived from video 
image. In order to improve quality of the geometrical information, range image is used in our research. At first range image of 
existing buildings is acquired using laser scanners mounted on data acquisition vehicle which runs in the street. After removing 
obstacles from original range image, edge detection based segmentation can be used to extract range image of different 
buildings. Through matching patterns from edge map with that from existing 2D digital map, one building’s corresponding 
range image can be determined. Thus precise geometrical information of the building’s facade can be obtained from its 
corresponding range image. 

Keyword  Range Image, Digital Map, City Range Image, Range Image Segmentation, Canny Edge Detector, DP Matching 
 
1 Introduction 

As IT technology and market developed, 
demand for 3D model of the real world has increased 
rapidly in recent years. The 3D model representing 
existing objects or scene is very useful in many 
fields. [1] In general, 3D model of an object is a 
numerical model representing its geometric 
information (shape) and photometric information 
(color and texture). In this paper, we focus on 
obtaining geometric model of existing buildings in 
urban area and generating 3D city map. 

In order to make 3D city map, existing 2D 
digital map can be used to reduce cost, improve 
productivity and reduce error. One example of 2D 
digital map is shown in figure 1. [3] One red 
polygon in the figure means one building. And 
number of floors of every building is available in 
this digital map. [3] The derived 3D geometrical 
model of buildings is shown in figure 2. Now height 
of buildings and geometric shape of the rooftop of 
buildings become available by using laser scanners 
mounted on helicopters or planes, such as in 
Mapcube. [21] But side faces of buildings in existing 
3D map are mainly constructed from video images, 
precise geometric model of side faces of buildings is 
still unavailable in 3D map. 

Instead of video image, range image of side 
faces of buildings is used to acquire more precise 
geometrical information in our research. At first, 
buildings are scanned by line scan type laser 
scanners mounted on data acquisition vehicle. After 
some processing, the range image is matched with 
2D digital map using DP pattern matching algorithm, 

and range image corresponding to one building can 
be extracted. Precise geometrical model of facade of 
the buildings can be obtained from their 
corresponding range image.  

 

 
Figure 1 Example of digital map [3] 
 

 

Figure 2 Example of 3D model 
 
In the previous research, both matching between 

range images and matching between video image and 
digital map have been studied. Based on these, we 
concentrate on matching between range image and 
digital map.  

In the following section, some related works are 

 



 

introduced. Our method of analysis of city range 
image is introduced in section 3. In section 4, our 
experiment is described. Conclusion of this paper is 
in section 5. 
 
2 Related Works 

Range image is “an array of depth values for 
points on the object from a particular viewpoint”. 
Because distance value is recorded directly in range 
image, geometrical model obtained from range image 
can be more precise than that derived from video 
image. So instead of video image, range image is 
used in our research to realize more precise 
geometrical model than previous research.  

Acquisition of range image of buildings is 
introduced in subsection 2.1. The reason why data 
acquisition vehicle is used can be found in this 
subsection. Analysis of buildings’ range image is 
introduced in subsection 2.2. In order to extract 
range image of one building, original street range 
image should be segmented. So range image 
segmentation is introduced in subsection 2.3. 
2.1 Acquisition of City Range Image 

According to position of scanners, methods of 
acquiring range image of existing buildings can be 
classified into two kinds: airborne [6,7,8] and 
ground based[6,9,10,11,12]. 

In the airborne methods, laser scanners are 
mounted on helicopters or planes. This kind of 
methods is good at acquiring information about 
terrain, rooftop and height of buildings. But their 
resolution is coarse. In general, this method is not 
suitable for acquiring information about the lower 
part of buildings in urban area, because the lower 
part of buildings is often hidden by other buildings 
and becomes invisible from the scanners in the air. 

In the ground based methods, laser scanners or 
cameras are mounted on vehicles. This kind of 
method is good at acquiring information about 
buildings’ façade and street scenery. 

  Building façade is our main concern, so the 
ground based method is chosen. 

  Because of size of buildings and urban scene, it 
is impossible to cover all in one scan. There exist 
two solutions for this problem: one is stop-and-go 
scanning and the other is continuous scanning. [10] 

In stop-and-go scanning, scanners scan buildings 
from fixed points. The scanners move to next points 

after finishing scanning from current points. High 
resolution can be achieved, but long scanning time is 
necessary in stop-and-go scanning. [12] 

  In continuous scanning, scanners are mounted 
on vehicles. When the scanners scan buildings, the 
vehicle remains moving. [6, 9, 10, 11] Because of 
this continuous movement, resolution is low. The 
main advantage of continuous scanning is that wide 
area can be scanned quickly.  

  In order to make 3D city map, we need to 
acquire range image in wide area. Stop-and-go 
scanning becomes impractical because too long 
scanning time is needed. So continuous scanning is 
used.  
2.2 Range Image Analysis 

As stated in the previous subsection, range 
image of buildings can be acquired by stop-and-go 
scanning or continuous scanning. In stop-and-go 
scanning, 3D laser scanners, such as Cyrax scanner, 
can be used. [12] But in continuous scanning, very 
high scanning speed is needed, and line scan type 
laser scanner should be used. Different types of 
scanners result in different type of range image. So 
analysis of range image is different for stop-and-go 
scanning and continuous scanning. 

In stop-and-go scanning, range images of the 
same buildings can be acquired from different 
viewpoints. All these range images can be registered 
to generate a geometrical model of the entire 
buildings. [12]  

In continuous scanning, the scanner scans 
vertically when the scanner moves on the road. [6, 
9]In general, there exist no range images of one 
building from different viewpoints, and no 
registration can be performed to generate 
geometrical model of entire buildings. Only facade 
model of the building can be obtained. [6, 9, 13] 

Because our main concern is facade of buildings, 
continuous scanning is sufficient.
2.3 Range Image Segmentation 

One range image can be divided into range 
images for some objects by segmentation. Methods 
of range image segmentation can be classified into 
region based [12] and edge based [15]. Region based 
methods group pixels into regions according to 
homogeneity measures. It suffers the problem of 
complex control and difficulty to implement. On the 
other hand edge based method locates the boundaries 

 



 

of the region by edge detection. It suffers problem of 
unconnected boundary. Edge based segmentation is 
adopted in our research.  

  The edge model used in edge based 
segmentation is illustrated in figure 3. [15] For a 
pixel at position x0, the left and the right side can be 
modeled by local line equation f1 and f2 respectively. 
If f1(x0)!= f2(x0), i.e. h>0, there exists an step edge 
at x0. If f1(x0) ==f2(x0), and k1!=k2, there exists an 
crease edge at x0. If f1(x0) ==f2(x0), and k1==k2, 
there is no edge at x0.  

  Edge detector for color image can be directly 
applied to step edge model of range image. 

 

 
Figure 3 Range image edge model [15] 
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Overall flow of our city range image an
trated in figure 4. More detailed information is 

available in the following subsections.  
3.1 Removing Obstacles 

City range image is
isition vehicle moves on the road. The objects 

between laser scanner and the buildings, such as 
trees, cars, pedestrian, are recorded in the range 
image. These obstacles should be removed from the 
range image before other processing. 

Because buildings are not transpar
nge image must be in front of the building. In 

our experiment, the data acquisition vehicle tried to 
move in a line parallel to the road, so the distance 
value between the building façade and the laser 
scanner remains almost the same. If the range image 
is divided by a distance value just smaller than the 
distance value of the building façade, the range 
image can be divided into a part of buildings and a 
part of obstacles. 

Histogram of a r
horizontal coordinate value corresponding to the 

maximum vertical coordinate value is the distance 
value of the building facade. If the range image is 
divided at the red line shown in figure 5, the right 
part is the buildings. 

. 

 

Figure 4 Analysis flow 
 

 
Figure 5 Removing obstacle using histogram 
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use there is space between two adjacent 
buildings and there exists big distance difference 
between parallel planes of one building in our range 
image, the boundaries of the buildings can exist as 
an edge in the range image. So we prefer edge based 
segmentation. 

For the b
e the building and the other side is out of the 

building, the value of h in figure 3 must be not zero. 
So step edge model is used in our analysis. 

  After a lot of try of different edge dete
er output result of Canny edge detector. There 

are a lot of edges made from windows or doors, and 
these edges are weak compared with edges from the 
boundaries of buildings. It is easy to erase some of 
these weak edges by adjusting the threshold of 
Canny edge detector.  

Range image of
ented easily just using the edge detection based 

segmentation. But range image of some buildings 
can not be extracted, and need to be determined by 
matching between the range image and the digital 
map. 
3.3 M

  In order to know which part o
rresponds to which building, range image is 

matched with existing 2D digital map. At the same 
time, undivided range image of some buildings can 
be segmented.  By using digital map, error 
accumulation can be reduced. 

DP matching algorithm wa
e with 2D digital map in previous research. [11, 

14] We adopt this algorithm to match range image 
with 2D digital map. 

As stated in the pre
vertical boundary lines of buildings can be 

captured and can be represented as vertical edge in 
edge map. Then we divide the range image by 
determining which vertical edge belongs to which 
building using the digital map.  

Not all edges can be identi
 map generated in edge detection segmentation 

of subsection 3.2. We make histogram of the edge 
map along direction of the data acquisition vehicle’s 
moving direction, and generate one pattern line from 
one local maximum value as shown in figure 6. 

Next we make pattern from the digital ma
ng projection from visible corner point of 

buildings on the moving path of the data acquisition 
vehicle. One projection point means one pattern line. 
This is shown in figure 7. The black line represents 
the moving line of the scanner.  

Then DP matching algorithm i
attern from the range image with that from the 

digital map. According to matched pattern, the edges 
in range image can be divided into different 
buildings, thus scan lines in range image can be 
divided into different buildings. Thus range image of 
every building can be extracted, and correspondence 
between the range image and the building can be 
determined. 

 

 

 Figure 6 Pattern generation from edge map 
 

 
Figure 7 Pattern generation from digital ma  
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We have acqu
g data acquisition vehicle shown in figure 8. 

Because very high scanning speed is need in 
continuous scanning, SICK LMS200 scanners are 
used in our research. SICK LMS200 scanners made 
line scan at frequency of 75 Hz in our experiment. 
The laser scanners are mounted on the top of the 
data acquisition vehicle.  

In our experiment, we

 



 

run in a line parallel to the direction of the road at a 
constant speed less than 30 kmph. When the vehicle 
moved on the road, the scanner scanned buildings 
along the road. We used range image acquired by 
range scanner whose scan plane is vertically 
perpendicular to the vehicle’s moving direction. 

 

 
Figure 8 Data acquisition vehicle 
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e image of a street and the digital map are 
shown in figure 9 and figure 10 respectively. In 
figures 10, the vertical line segments in the upper 
and the lower part represent the pattern generated 
from the range image and from the digital map 
respectively. The matching path is the line segments 
in the middle part connecting the matched vertical 
line segments in the upper and the lower part. There 
exist some unmatched patterns because of existence 
of change of data acquisition vehicle’s speed and 
direction and existence of noise such as electric post. 
As mentioned in [11], more effective range image 
segmentation may possibly reduce this error. Based 
on this result, the range image corresponding to the 
façade of one specific building can be extracted.  

Processing of the street’s range image is shown 
 figure 11 to figure 14. Figure 11 is a part of the 

original rang image of the street. Figure 12 is a part 
of the range image after removing obstacles. The 
part of range image lower than 3 meters is removed 
to reduce influence of noise, such as pedestrian and 
cars. In fact all buildings in the street are higher 
than 3 meters, so this will not affect analysis result. 
Figure 13 is edge map of the entire street generated 
by Canny edge detector. Figure 14 is extracted range 
image of one building’s façade after matching 
between the range image and the digital map. The 
vertical space in the middle of the image results 
from an electrical post. 

 

 

Figure 9 Path of DP matching 
 

 
Figure 10 Result of DP matching 

5. Conclusion 
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el of buildings’ façade in 3D map effectively, 

ground based continuously scanned range image is 
used to record geometrical information of buildings. 
The problem of matching between the range image 
and digital map is discussed. After removing 
obstacles and edge detection based segmentation, the 
range image is mapped with existing 2D digital map 
using DP matching. Range image of one specific 
building can be extracted, and more precise 3D 
model of the buildings can be realized.  

 
 

 [1] K .Ikeuchi, et. al., "Modeling
creating virtual reality models through 
observation", Proceedings of the SPIE -

 



 

International Society for Optical Engineering, 
vol. 5013, pp. 117-128, 2003. 

[2] F. Bernardini, and H. Rushmeier, "The 3D model 
acquisition pipeline", Computer Graphics 
Forum, vol. 21, no. 2, pp. 149-172, 2002. 

[3] "Zmap-TOWN II", Zenrin CO.,LTD 
[4]  F. Blais, "Review of 20 years of range sensor 

development", Proceedings of the SPIE - the 
International Society for Optical Engineering, 
vol. 5013, pp. 62-76, 2003. 

[5] M. Andreetto, N. Brusco, and G. Cortelazzo, 
“Automatic 3D modeling of palatal plaster 
casts”, IEEE 3-D Digital Imaging and Modeling 
2003, pp 132-138. 

[6] C. Früh and A. zakhor, "An automated method 
for large-scale, ground-based city model 
acquisition", International Journal of Computer 
Vision, vol. 60, pp 5-24, October 2004 

[7] G. Tao and Y. Yasuoka, “3 dimention city 
modeling using satellite image and laser DEM”, 
http://yasulab.iis. u-tokyo. ac. jp/ 
2004/IIS_OH/2004_guotao.pdf 

[8] J. Overby., et. al., “Automatic 3d building 
reconstruction from airborne laser scanning and 
cadastral data using Hough transform”, ISPRS 
Congress, July 2004 

[9] H. Zhao, R. Shibasaki, "A vehicle-borne urban 
3D acquisition system using single-row laser 
range scanners", IEEE Trans. SMC Part B: 
Cybernetics, vol.33, no.4, August 2003 

[10] S. Ono, et. al., "Ego-motion estimation for 
efficient city modeling by using epipolar plane 
range image," Proc. 10th World Congress on 
Intelligent Transport Systems and Services 
(ITSWC2003), 2003 

[11] H. KAWASAKI, et. al., "Automatic modeling of 
a 3D city map from real-world video", The 7th 

ACM Multimedia Conference (Multimedia 99), 
Orlando FL, USA, Oct 1999 

[12] I. Stamos and P. K.  Allen, “Geometry and 
texture recovery of scenes of large scale”, 
Journal of Computer Vision and Image 
Understanding, Vol.88, No. 2, pp. 94–118, Nov. 
2002 

[13] C. Früh: “Automated 3D model generation for 
urban environments”, PhD Thesis, University of 
Karlruhe, Germany, 2002 

[14] Y. Kashimoto, M. Uehara, H. Zen, 
“Construction of city model by image sensing” 

[15] X. Jiang, H. Bunke, “Edge detection in range 
images based on scan line approximation”, 
COMPUT VIS IMAGE UND 73: (2) 183-199 
FEB 1999 

[16] H. KAWASAKI, ”Multimedia map as real world 
oriented interface”, Master thesis, University of 
Tokyo, 2000 

[17]http://www.cvl.iis.u-tokyo.ac.jp/research_j/inde
x-j.html 

[18] J. Hu, et. al., “Approaches to large-scale urban 
modeling”, Computer Graphics and Applications 
23(6), pp 62-69, 2003 

[19]C. Früh and A. Zakhor, "Constructing 3D city 
models by merging ground-based and airborne 
views", in IEEE Computer Graphics and 
Applications, Special Issue Nov/Dec 2003, pp. 
52-61 

[20] H Zhao, “Reconstructing textured urban 3D 
model by fusing ground-based laser range image 
and CCD image”.  PhD Thesis, University of 
Tokyo, 1999 

[21]”MAP CUBE” http://www.cadcenter.co.jp/  
corporate/business/business_products.html#map
cube 

 
 

 

http://www.cadcenter.co.jp/


 

 
Figure 11 Example of original range image 
 
 
 

 
Figure 12 Example of range image after removing obstacles 
 
 
 

 
Figure 13 Example of edge map generated by Canny edge detector 
 
 

 



 

 
Figure 14 Example of extracted range image of one building 

 

 


