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Abstract:  

The three dimensional information of buildings is an important issue in urban 

monitoring, planning, management and various economic activities, and as a result 

of the tremendous development in the devices and remote sensing sensors, there is a 

need to obtain information about geographical locations with less cost, therefore the 

goal of this research is to extract the three dimensional information of buildings 

using shadow analysis appears in the 2D image and solving for the slope of view for 

this shadow without the need for additional data (another overlapping image or 

digital elevation model). 
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1. Introduction 

3D reconstruction of buildings has been an 

active research topic in computer vision in 

recent years. 3D reconstruction of buildings 

from aerial images is becoming of increasing 

practical importance [1]. Traditional 

applications are those of cartography and photo 

interpretation. Newer applications include urban 

planning, construction, environment, 

communication, transportation, energy and 

property management, tourism, and virtual tours 

of cities  [2]. Extraction of man-made objects 

from images has been studied by many 

researchers. In order to reconstruct accurate 3D 
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building structures most of previous approaches 

try to assume 3D information obtained by 

LIDAR or stereo analysis  [3]. The single image 

of a scene is insufficient to compute a 3D 

reconstruction. The most obvious way to obtain 

3D structure is therefore to consider stereo 

images. An alternative to use single image for 

building construction, considering with shadow 

constrains which help to extract the height of the 

buildings  [4]. This paper presents a method for 

extraction the three dimension buildings height 

scene where shadows are present. This method 

is very simple for modeling and visualization of 

buildings. Our goal is to construct accurate 3D 

model by using one image measurements. In this 

circumstance, we try to find the height of 

buildings by solving for the slope of view for the 

shadow appears in the 2D image. The problem 

of computing the 3D building for aerial image of 

University of Technology had been used. In our 

case, the sun angle is unknown; we take the 

advantage of information about one building 

height or more, and with helping of this building 

shadow, the angle of shadow scene view could 

be calculated. 

2. Assumptions 

  Such reconstruction of geometry 

relation bases on presumptions as followed: 

1- Flat terrain 

2- Upright building 

3- No surrounding large-area water body 

4- Normal weather condition 

Condition 1 and 2 mean that shadow is directly 

projected on horizontal surface. As water body 

and shadow have similar characteristic, the 

existence water area can produce false classify 

and affected the buildings shadow  [5]. 

3. Extract Building Outlines 

Because of extraction buildings only from 

shadow, the criteria to separate buildings from 

other objects must be geometric ones. Based on 

general knowledge about buildings, which used 

size, and shape characteristics to classify 

buildings from other objects  [6]. Due to the fact 

that buildings are man-made objects for 

accommodating human beings or objects, it 

should have enough height and size. The grey 

scale image gradient magnitude can be used to 

extract building outlines. The width and length 

of the buildings could be extracted easily by 

using edge detection technique  [7]. 

4. 3D Building Reconstruction 

Buildings are man-made objects with variety of 

shape and roof type. Also the texture, 

illumination, sun angle etc in an image made the 

extraction not difficult [8]. To represent the 

buildings height, a simplified model had been 

used. Most building extraction approaches 

assume that buildings have rectilinear shapes 

with flat roof. However, simple flat model has 

unlimited applications  [9]. The height of the 

building depends on the shadow of building and 

the angle of shadow of this building on the 

image. The height of building of certain angle of 

shadow is expressed by the following simple 

formula: 

H = L / tan (α) 

Where, H = The height of building. 

L = Horizontal length on the ground of 

building’s shadow. 

α =Angle of view of the building shadow. 

The shadow which appears on the image will be 

varied in lengths according to the difference of 

buildings height. From the image the length of 

shadow could be measured easily. So, if we 

have a height of one building or more, we can 

simply determine the angle of view for the 

image using the shadow of this building, and by 

using this angle which is the same for all 

buildings in the image, it can be easily to 

determine the height of all buildings in the 

image, taken into consideration all assumption 

had been previously discussed. Fig.1. shows the 

expected types of shadow according to the sun 

moving all over a day. 

 

 
Figure 1- Different Available Shadows For A 

Building, At Sun Rise, At Noon And At Sun Set [10]. 

 

5. Experimental Work  

To examine the accuracy of 3D reconstruction 

by using shadow, the simple formula will be 

applied to calculate building’s height. In this 

study the example had been carried out in the 

University of Technology .As shown in Fig.3. 

the buildings in this example vary in the height, 

so the shadow will be varied and easily detected. 

First we have a building height, and by 

measuring the shadow, the angle of view 

shadow scene could be determined. Table 1 
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shows the results of different (6) buildings, table 

1 shows good results which had been obtained 

by using this method. In this type of image we 

have no idea about the time and date of taking 

this image. In this case the height of the main 

building in had been known, and with the help 

of shadow length, the slope angle of shadow 

view could be calculated. For example, in our 

study the height of the six buildings (H) had 

been measured, and the length of shadow (L) for 

these buildings could be measured easily from 

the image. So, we can determine the angle of 
view for the image (α) as shown in Fig.2 using 

the simple formula: 

tan (α) = L / H 

 

 
Figure 2- The Angle Of View For The Image (α). 

 

For example, by using the measured height (H) 

and the length of shadow (L) of building (1), the 

angle of view for the image (α) is determined  

by: 

tan (α) = 27.156 / 19 

tan (α) = 1.4292 

α=  

α=  

And by using this angle which is the same for all 

buildings in the image, it can be easily to 

determine the calculated height of all buildings 

in the image using the same formula: 

H = L / tan (α) 

For example, the calculated height of building 

(2) is determined by: 

H = 23.820 / 1.4292 

H = 16.665 m 

So a comparison, between the true height of 

buildings and calculated height from the 

procedure had been made. 

 

 

 

 
 

 
Figure 3-  The Image Of University Of Technology, 

And The Edge Detection For The Buildings. 

 
Table 1- The Results For The Buildings In Figure 3 

1 19 27.156 19 0 0

2 17 23.82 16.665 0.335 1.97

3 19 26.767 18.727 0.273 1.436

4 19 26.773 18.732 0.268 1.41

5 5 7.613 5.326 -0.326 6.52

6 8 10.792 7.55 0.45 5.625

Error Building

Meas. 

Height 

(m)

Length 

of 

shadow 

(m)

Calc. 

Height 

(m)

Difference 

(m)

 
6. Conclusions 

This paper proposes an algorithm to estimate 

building height by shadow analysis appears in 

the 2D image. This technique has advantage 

over other approaches. It provides reliable 

results with uncomplicated calculation. It could 

be confirmed that the height of buildings 

generated by this study has quire an effective as 
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the basic data that can be used for construction 

control relating to 

the three dimensions model construction. The 

algorithm is supposed to work on flat ground 

surface. The error range of the experiment 

results was between (1.410, 6.520 m). The 

algorithm proposed showed the feasibility of 

extracting 3D information from shadow 

analysis. The future work must be concentrated 

on automatic building extraction by using 

shadow. 

 

7. References 

1) Mayer, H. 1999. “Automatic object 

extraction from aerial images – A survey 

focusing on buildings,” Computer Vision 

and Image Understanding, vol. 74, pp. 138-

149. 

2) Lin, C., Nevatia, R. 1998. “Building 

detection and description from a single 

intensity image,” Computer Vision and 

Image Understanding, vol. 72, pp. 101-121.  

3) Troccoli, P. Allen. 2006. “Shadow based 

texture registration for 3D modeling of 

outdoor scenes”, Springer-Verlag. 

4) Lee, D., Shan, J., and Bethel, J. 2003. 

“Class-Guided Building Extraction from 

Ikonos Imagery”, Photogrammetric 

Engineering & Remote Sensing, 69, 2, pp. 

143-150. 

5) Kartazis, H. Sahli. 2005. ”Building 

detection from single airborne images using 

Markov Random Fields” , ESA-EUSC 

Image Info. Mining. 

6) Ameri, B., and Fritsch, D. 1999. “ 3-D 

Reconstruction of Polyhedral-Like Building 

Models”, In: IAPRS, Vol. 32, Part 3-2W5, 

Munich, Germany, pp. 15-20. 

7) Bignone, F., Henricsson, O., Fua, P., 

Stricker, M. 1996. “Automatic Extraction of 

Generic House Roofs from High Resolution 

Aerial Imagery”, Computer Vision - 

ECCV’96, Springer Verlag, vol.1, pp. 85-

96. 

8) Baillard, C., Schmid, C., Zisserman, A. and 

Fitzgibbon, A. 1999. “Automatic line 

matching and 3D reconstruction of buildings 

from multiple views”, In: International 

Archives of the Photogrammetry, Remote 

Sensing and Spatial Information Science, 

Munich, Germany, Vol. 32, part 3-2W5, pp. 

69-80. 

9) Vosselman, G., Suveg, I. 2002. “Automatic 

3D Building Reconstruction”, Proc. SPIE 

Vol. 4661. 

10) Lin, C., Nevatia, R. 1998 . “Building 

detection and description from a single 

intensity image,” Computer Vision and 

Image Understanding, vol. 72, pp. 101-121. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


