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points compared to other details (tree, fountain, grass, etc.). These 
details are not interesting for our study.

 extract main and secondary planes on the facade.

The RANSAC algorithm is iterative. The recognition begins with 
the random sampling of a minimal number of points to estimate 
the parameters of the shape model. The set of points lying below 
a certain distance from the model are appointed inliers while the 
rest of the points are considered as outliers. In the case of simple 
facades, the geometric shape is the plane and requires a minimum 
of three points for its estimation. The RANSAC approach uses the 
geometric components (X, Y and Z coordinates). Let us note ESS 
the subset of three random coplanar and non-collinear points from 
PTS: ESS={p1, p2, p3}. The three randomly selected points are used to 
estimate the parameters of the mathematical plane model, M, defined 
as follows: M=a1X + a2Y + a3Z + a4                                                            (1)

Where  (a1, a2, a3) : the normal vector.

a4: the distance of the plane to the coordinates system origin.

Using the Euclidean distance of the point p to the model M, we 
can define the Consensus Set (CS). This set presents all points that are 
close enough to the estimated model M (ESS). The authorized maximal 
distance to the model is controlled by a threshold, named ds. The 
cardinal of CS represents the number of points considered as inliers: 

Card(CS)={p ∈ PTS/ dist(p, M(ESS)) ≤ ds}                                                   (2)

Computational time depends on the number, N, of iterations 
required finding the best theoretical plane [17] and the size of the point 
cloud. The facade main plane is defined as the plane which contains 
a maximal number of inliers. Secondary planes are obtained in a 
second RANSAC process considering previous outliers and an adapted 
coordinate system [18]. The result is then a set of planes, ∑SPi.

Radiometric processing:  The second step is the segmentation 
of each extracted plane to recognize facade details. These details are 
contained in a same plane. Our segmentation approach is based on 
region growing algorithm. The process begins with the identification 
of a seed point and evolves with respect to its neighbors to define a 
homogeneous region (si) checking a predicate (Pr). It relies on the 
verification of constraints such as a limited radiometric variance or the 
radiometric similarity with the seed point. The segmentation operation, 
ΘSPi, of SPi segment produces a set of homogeneous regions ∑SPij. 
These regions respect predefined criteria. Also each point can belong to 
only one region. 

As RANSAC paradigm, the region growing algorithm is an iterative 
process. It is performed in three steps:

• Randomly select a seed point from the point cloud related to 
SPi,

• Growing the seed point to initial,

• Seed surface,

• Growing the seed surface to a homogeneous area. 

The growing of the seed point to a seed surface depends on the 
verification of a geometric criterion and a radiometric one.

 The geometric criterion

 To define an initial seed surface we should verify the distance  surfacJ
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Where,

δ: threshold on the surface of a triangle whose point is a vertex. The 
value should be superior to the mean surface of triangles set which is 
more influenced by the small triangles.

η:  threshold on the numbers of triangles whose point is a vertex. 

The process is iterative. Each iteration reduces the points 
constituting the noisy connected components.

Contour detection: The output of filtered clusters is used as 
input data of the contour detection processing. Our work exploits an 
alpha-shape algorithm to detect the boundaries of facade details. The 
definition of alpha-shape has been presented by Edelsbrunner and 
Mücke. Alpha-shape exploits the result of Delaunay triangulation. The 
principle of alpha-shape algorithm is to excavate the convex hull of 
a sample of points using a ball. This ball is naturally empty and the 
simplices forming the alpha-shape boundaries are among the Delaunay 
simplices.

Let S be the set of points without any degenerate configuration 
(as defined in the Delaunay triangulation). The alpha-parameter (α) 
controls the level of detail reflected by the shape around S-set. This 
parameter can be set via suitable operator input device or can be 
calculated based on the ideal value of α. In the Delaunay triangulation, 
an edge is defined by connecting a straight line between two points p 
and q if and only if p and q are Voronoi neighbor points (Figure 3). 

The alpha-shape boundary of S on Figure 3 is indicated by the solid 
line. When α value is large (the extreme being the radius of the largest 
enclosing circle of a point set), the alpha-shape is rather crude. As α 
decrease, the alpha-shape shrinks and eventually develops cavities or 
voids in the triangulation. When α becomes zero, no triangles are filled. 
In this case, all points are isolated. Naturally, changing the value of α 
will change the set of points that are alpha-extremether cr/
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Then, the detail level of the contour detection depends on the input 
alpha-parameter. Here, the value of α is chosen so that the extracted 
contour closely approximates the wireframe model of the points cloud 
(Figure 9).

Results evaluation

To evaluate the quantitative results of our automatic process, we 
produce a manual extraction and measured some 19 lengths. The 
values obtained with manual process are compared to the lengths 
found by the automatic extraction of details. The presented measures 
are those of the former residence of general Lyautey since it allows us 
to extract several details (window shutters, frame of door and door). 
Table 1 shows the difference between manual and automatic measures.
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The final result of the segmentation presents classes of noisy 
connected components whose importance depends on the threshold 
segmentation. The timeliness and filtering efficiency based on the 
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