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Abstract

This paper presents a method for building roof contour extraction from digital 
images taken over complex urban scenes. The proposed method is based on a 
snakes-based energy function that represents building roof contours in digital 
images, which is optimized by using the dynamic programming (DP) algorithm. As 
most of the building roof contours are characterized by rectilinear sides 
intercepting at right angles, appropriate geometrics constraints are enforced into 
the original snakes energy function. The main advantage of using the DP algorithm 
for optimizing the proposed snakes-based energy function is its better radius of 
convergence, when compared to the one that is usually obtained in the original 
solution based on variational approaches. Experimental evaluation, including 
visual inspection and numeric analysis, was performed by using real data and the 
obtained results showed the potentiality of the proposed method for extracting 
building roof contours from digital images.
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1. Introduction

The concepts of snakes and dynamic programming (DP) have been widely ex-
ploited in applications involving the extraction of road network from digital imag-
es, and one may quote Gruen and Li (1995), Agouris et al. (2001), Dal Poz and 
Vale (2003) and Dal Poz et al. 2010). However, few approaches have been devel-
oped for building extraction from digital images by using snakes. Rüther et al. 
(2002) used snakes to model building contours associated with informal settlement 
areas. Guo and Yasuoka (2002) proposed an approach based on snakes for extract-
ing buildings from the combination of IKONOS image and elevation data. Oriot 
(2003) presented a statistical model of snakes for the building extraction from ste-
reoscopic pairs of aerial images. Taking into account radiometric and geometric 
properties of buildings, Peng et al. (2005) modified the traditional snakes’ model to 
enable a more stable convergence to building contours.

This paper proposes a method for extracting building roof contours from digital 
images. This method uses snakes as a basis for developing a mathematical model of 
these objects, whose solution is obtained through the DP optimization technique. 
The basic assumption of our method is that buildings are projected onto the image 
space as rectilinear structures, along with their adjacent sides intercepting at ap-
proximately right angles. This article is organized as follows: Section 2 presents the 
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proposed method. The experimental assessment and analysis of the results obtained 
is presented in Section 3. Finally, conclusions from the analysis of results obtained 
in our experiments are presented in Section 4.

2. Method

2.1. Mathematical model of building roof contours

A snake is described in an image by a curve that moves along directions x and y 
under the influence of internal and external forces (Xu and Prince, 1998). Original-
ly, it was formulated based on a continuous parametric curve, but when involving 
computational implementation, it should be replaced by a discrete curve, given by a 
polyline or a polygon ( v ) defined by a sequence of n vertices, as follows:

� � , 0, , 1i i iv x y i n� � �� .                                 (1) 

The snakes function can be put in the following way (Kass et al., 1988),
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where: the expression under the sum is known as the internal energy of the snakes; 
the first and second terms of the internal energy are known as of first and second 
order; the constants i� and i	 are weights that control the terms of first and se-

cond orders; and � �eE v is known as the external energy.
In terms of the object 'roof contour', the curve v is a polygon representing the 

roof contour. An important feature of the building roof contours in digital images is 
that they usually are delimited by step edges, which allows the definition of the 
external energy function as follows,
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where: i� is a positive constant and � �iG v is the image gradient magnitude at 
the vertex vi

In addition, in most cases, buildings are represented by rectilinear structures in 
the image, defined by consecutive edge segments forming right angles at their cor-
ners. Thus, an additional external energy term is proposed, as follows,

of the contour.
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where: i� is a positive constant; � �iCS v is a corner detection function that returns 

the corner strength at vertex iv ; and i� is the angle of incidence of edges that de-

fine a corner at vertex iv . Please note that the term ‘1 cos i�� ’ is a penalty function 
that favors right-angle corners. 
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The mathematical model of building roof contour based on snakes may be final-
ly expressed by incorporating Equations 3 and 4 in Equation 2, resulting in:
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The values of weights i	 , i� , and i� depend on the type of discontinuity exist-
ing at the vertex iv : step edge or corner. All weights (including i� ) are positive, 
but when it comes to a corner, there has to be an abrupt change in direction at ver-
tex iv of the polygon. This implies the need of nullifying i	 to allow a second-
order discontinuity at the vertex iv . Moreover, the edge energy term (Equation 3) 
does not have any discrimination power of the discontinuity at the vertex iv , imply-
ing the need to have 0i� � . On the other hand, when at the vertex iv there is a 
step-edge discontinuity, the corner energy term (Equation 4) will have no discrimi-
natory power. In this case, it is necessary to nullify the weight i� . 

2.2.   DP optimization of the building roof contour  model

If the variables of an energy function in an optimization problem are not simul-
taneously interrelated, then an efficient way for solving this problem is through the 
DP technique (Ballard and Brown, 1982). 

A simple analysis of the energy function given by Equation 5 shows that only 
three consecutive vertices � �1 1, ,i i iv v v� 
 of the polygon v are simultaneously inter-
related and, thus, it can be decomposed into a sum of 1n � sub-functions 
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In order to start the extraction process, a few seed points describing approxi-
mately the contour to be extracted should be provided by an operator. In general, 
the seed points should be positioned in the vicinity of the corners of the roof con-
tour (Figure 1(a)). There is no need to provide seed points along the building con-
tour sides, because these sides can be predicted considering that they are rectilinear.

(a) (b)
Figure 1: Illustrative example of the extraction process: (a) Initial polygon defined 

by seed points; (b) Sampling of the search space.
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Two types of points generate the candidate polygons for the optimal polygon: 
points representing the sides and corresponding to the step-edge discontinuity; and 
points representing the corners and corresponding to the corner discontinuity. At a 
first glance, it seems simple to determine the corners and organize them to form the 
corresponding building roof contour polygon. However, false corners can be de-
tected or even we can have missing true corners for a given roof contour. As a 
result, it is important to include building roof contour side points to provide better 
support to determine the correct corners.

In order to determine candidate points to represent a building corner, a reference 
point (seed point) must be provided by an operator (Figure 1(a)) and the remaining 
ones are determined by an algorithm to detect corners on a small sub-image around 
the reference point (Figure 1(b)). The dimensions of this sub-image should be suf-
ficient so that it contains the correct corner of the building. The corner detector 
used is the one by Harris (Harris and Stephens, 1988) and the corners with the best 
response are stored together with the angles of incidence ( i� ) of edges that define 
the respective corners. The storage of multiple detected corners for each building 
corner is necessary for two reasons: first by the simple fact that there may be more 
than one corner in the sub-window; and the second by the possibility of the corner 
with the best response be a false positive.

Candidate points to represent building roof sides are sampled regularly along 
cross sections of sides of the initial polygon defined by pairs of seed points (Figure 
1(b)). It is important to enhance that the cross sections are also sampled regularly 
along the sides of the initial polygon. As the cross sections are centered at points 
along the sides of the initial polygon, there is no preference on searching either side 
of the cross sections.

The strategy described above is applied to refine the initial polygon (defined by 
the seed points) provided at the beginning of the extraction process. Then, as points 
obtained by DP along the sides of the contour may be affected by local anomalies 
(e.g., an adjacent tree), causing local irregularities in the contour, a robust linear 
regression method is used to get polygon sides (straight lines) that better model the 
contour of the building sides. Finally, the final vertices of the refined polygon are 
determined by the intersection of straight lines obtained through the linear regres-
sion algorithm. 

3. Experimental results

To preliminarily show the potential of the proposed method we present and ana-
lyze the results of one experiment using real data. We numerically compare build-
ing roof polygons extracted by the proposed method and by an operator. The poly-
gons extracted manually are referred to as reference polygons. We used the fol-
lowed quality parameters to evaluate the extracted building roof contours (Heipke 
et al., 1997): completeness, correctness, and RMSE (root mean square error).

Figure 2 shows an image segment containing several buildings. The initial, ex-
tracted and reference contours were overlaid on the image segment, as shown in 
Figures 2(a), 2(b), and 2(c), respectively. Please note that extracted contours 1, 2, 4, 
and 6 present some extraction problems. Although the extracted contour 4 is rela-
tively compatible with the reference polygon, this one was accomplished manually 
by connecting its vertices, resulting in a rough approximation for the two curved 
sides. These sides are also roughly approximate by the proposed method, what was 
predictable because it was designed to handle rectilinear building roof contours. 
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The interaction of building 1, 2, and 6 with neighbor buildings affected the extrac-
tion process, as the corresponding extracted contours partially coincide with neigh-
bor buildings. This is expected whenever a building roof boundary is very near and 
approximately parallel to a shadow or another building roof boundary. In the pre-
sent context, the method can extract a neighbor building edge if its strength is high-
er than the correct edge. The performance of the method with the contours 3 and 5 
can be considered satisfactory.

(a) (b) (c)
FFigure 2: Experimental Results: (a) Initial contours; (b) Extracted contours; (c) 

Reference contours.

Table 1 shows the values of quality parameters. In general, the values show a 
good performance of the method, particularly in the extraction of building roof 
contours 3, 4, and 5. However, as already discussed above, the result obtained for 
the building roof contour 4 is in fact uncorrected for the two curved sides. As a 
result, the RMSE value is relatively high because the corner determination depends 
on the quality of extracted polygon sides. The method showed a partially satisfacto-
ry performance in the extraction of building roof contour 2, because one of the 
sides was incorrectly extracted. The RMSE and correctness parameters show that 
the worst result was obtained with the extraction of building roof contour 6.

Table 1: Quality parameters. 
  

Quality Building rroof contour
parameter 1 2 3 4 5 6

Completeness (%) 98 99 98 94 96 97
Correctness (%) 80 81 90 95 97 64
RMSE (pixels) 3.1 3.6 2.7 4.3 0.8 5.7

4.   Conclusion and future work

The experimental results showed that the proposed method had a satisfactory 
performance in the task of extraction of different building roof contours from digi-
tal images. However, the experimental results also showed that the main disad-
vantage of the proposed method is that it cannot model local context. In fact, if a 
building roof boundary is very near and approximately parallel to a shadow or 
another building roof boundary, the extracted polygon may be affected to some 
degree.

The main direction for future work involves the development of strategies to 
circumvent the deficiency of the method in modeling local context. For example, 
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the image gradient field can be exploited to separate correct building edge points 
from edge points representing shadow boundary or neighboring building roof 
boundary.
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