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Abstract
The goal of surface reconstruction is to find a surface from a given 
finite set of cloud points of pixel. We present a greedy delaunay 
algorithm for surface reconstruction from unorganized point sets. 
Surface reconstruction is a highly challenging problem because 
sets of scattered points lack ordering information, connectivity, and 
may be noise contaminated. Delaunay triangulation is a common 
method for domain triangulation. There are other algorithms for 
triangulating a point set in two or three dimensions, but all of them 
are not suitable for surface modeling.  A triangular surface mesh 
homeomorphic to the original surface can be extracted directly 
from the tetrahedral mesh provided a sufficient sampling density 
exists. Reverse engineering of geometric shapes is the process of 
converting a large number of measured data points into a concise 
and consistent computer representation. In this sense, it is the 
inverse of the traditional CAD/CAM procedures, which create 
physical objects from CAD models. 
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I. Introduction
Reverse Engineering (RE) technology has become an important 
part of today’s industrial design process. The problem of creating 
a CAD model for an existing physical object from a given set of 
points of the object surface is important in many fields of science 
and industry. Creating a geometric surface constructed from 
scanned point clouds is an integral part of the reverse engineering 
procedure. This paper presents a new approximate algorithm for 
surface reconstruction from sampled points. The algorithm firstly 
arranges the input points into a uniform grid that generates the 
rectangular surface which is triangulated and smoothed. At the 
end, the surface vertices are fitted onto the nearest input points. 
This algorithm is robust, stable, simple to implement, and very 
fast. Delaunay triangulation is common method for surface 
representation. In Delaunay triangulation, results are repeatable 
and predictable, but other methods depend on the starting point 
[3, 7].

A. Delaunay Triangulation Algorithms
There are a wide variety of algorithms available to build a Delaunay 
triangulation for a set of points. Some of these algorithms have 
been presented. This algorithm begins by generating a triangle that 
contains all the points from which the DT can be obtained in order 
to guarantee that all the points will lie within the triangulation. 
The points are inserted within the triangulation one at a time; each 
inserted point implies making a series of changes in edges shared 
by two triangles, until all the triangles that contain the inserted 
point have been updated. 
Three main steps of the algorithm are:

Initialization1. 
Triangulation2. 
Finalization3. 

To make the algorithm work fast, the searching structure has to 
be initialized. The algorithm proceeds as follows:

Add a point to the triangulation• 
Find all existing triangles whose circum-circle contains the • 
new point First the triangle which contains the new point 
has to be found

B. Definition D1.3-1
Let’s consider an unsuccessful result of work of some surface 
reconstruction algorithm. Let we have a particularly reconstructed 
surface, and all regions of this surface (let’s denote the aggregate of 
them. Α are topologically equivalent to the corresponding regions 
of the original surface. Let’s assume there are no invalid edges 
and triangles in the considered result. It means that each point 
of the input cloud of points is included in Α or doesn't have any 
triangles and edges (let’s call such point a free point)[2]. Let’s 
call such result an incomplete normalized CAD-model (ICADM). 
Let’s denote the aggregate of regions supplementing Α up to a 
topologically correct CAD-model Α.
In the given work surface reconstruction is considered as a process 
of the two following steps: firstly from a given point cloud we 
obtain an ICADM and then from the ICADM we obtain a CAD-
model. This scheme (let’s denote it S2) is shown in fig. 2.

Fig. 2: ICADM

The above is the base of scheme S2 definition of a general surface 
reconstruction concept is made. Then the case of application 
of scheme S1, when surface reconstruction from a given point 
cloud can be made by application of a given algorithm with the 
corresponding cost is considered [9, 14]. It is shown, that using 
scheme S2, when the given algorithm is used only to realize step 
ICADM->CAD-model, the cost of the surface reconstruction can 
be reduced (with the assumption that the given algorithm can 
process a set of scattered points with given surface boundaries). 
In the given chapter two simple and fast algorithms to realize step 
Point Cloud->ICADM are proposed without detailed considering 
step ICADM->CAD-model. The proposed solution can be used 
as a pre-processing step for any surface reconstruction algorithm 
that corresponds to the above mentioned assumption [15].
The application of scheme S2 is the only possible way, is 
considered. It occurs when a used surface reconstruction algorithm 
can’t reconstruct a CAD-model completely [5]. In this chapter 
a method to realize step ICADM->CAD-model is offered. For 
surface reconstruction inside damaged regions this method uses 
force lines of a specially constructed tensor field. The method can 
be used as a post-processing step for any surface reconstruction 
algorithm. 
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II. Proposed Methodology & Assumptions

A. Concept of Consecutive Application of Algorithms
Let’s consider a way to decrease the total cost of surface 
reconstruction. Let we have a cloud of N points and two surface 
reconstruction algorithms (let’s denote them A and B respectively). 
Let algorithm A is able to reconstruct a correct CAD-model with 
the specific cost cA (seconds per a point).  Let algorithm B  can 
produce a result in that kN  ( 0 < k < 1 ) sampled points belong to 
a correct triangulated surface and the remaining(1 − k )N  sampled 
points don’t belong to it (such points can have edges and triangles 
or remain free)[11]. Let the specific cost of work of algorithm 
B is cB (seconds per a point). Let we have also an algorithm of 
filtering, that having an unsuccessful result of work of a surface 
reconstruction algorithm at the input can remove all wrong edges 
and triangles (i.e. produce an ICADM) with the specific cost cF  
(seconds per a point). The usually way of processing the given 
cloud of points is using only algorithm A . In this case the total 
cost of surface reconstruction is:
CA= cAN
At the same time surface reconstruction can be made in that way: 
first we apply algorithm B, then we apply the filtering algorithm, 
and then for the set of remaining free points we use algorithm A  (it 
is supposed that A  can process a set of scattered points with given 
surface boundaries). The cost of such surface reconstruction is:

1. Definition D2.1-1.
Let’s call the described above using scheme S2 the concept of 
consecutive application of surface reconstruction algorithms 
(CCAA). Let’s call an algorithm applied first for processing an 
input cloud of points the  start algorithm, an algorithm applied 
to remove wrong edges and triangles (to obtain an ICADM) the 
filtering algorithm, and an algorithm applied to obtain a CAD-
model from the given ICADM the base algorithm [17]. This 
concept can be inductively extended to an arbitrary number of 
surface reconstruction algorithms having right properties.

2. Condition C2.1-1.
Application of CCAA is more advantageous than application of 
only the base algorithm if the following condition is fulfilled:  
kcA> cB+ cF(EC2.1-1)
where all the denotations correspond to the described above 
example.
For realization of CCAA we need to find for a given algorithm 
chosen as the base algorithm an algorithm to use as the start 
algorithm and an algorithm to use as the filtering algorithm with 
the properties, which meet condition C2.1-1. Since nowadays 
very many such algorithms are designed, we, of course, in many 
cases can find suitable existing algorithms. However, let’s take 
into consideration, that the absolute majority of existing surface 
reconstruction algorithms is designed for self-dependent complete 
surface reconstruction. But, in CCAA the start algorithm has “a 
right of mistake”. Thus, using this fact we can try to design a surface 
reconstruction algorithm with the specific cost smaller than existing 
algorithms [4, 16]. Of course, such algorithm in general case can’t 
be used as a self-dependent surface reconstruction algorithm, but 
it can be successfully applied as the start algorithm within the 
framework of CCAA. An algorithm designed in accordance with 
these means and an algorithm to use as the filtering algorithm is 
described in below section.  

III. Proposed Algorithm 
The proposed approximate surface reconstruction algorithm 
(ASRA) works over the following steps:

Obtaining a rough approximate rectangular surface of the 1. 
model
Smoothing and triangulating the approximate surface2. 
Fitting the surface vertices to the nearest input points3. 

A. An Algorithm to Use as the Start Algorithm
In general, we use greedy triangulation (GT) and belong to the 
group of interpolating methods. This algorithm is suitable for 
triangulation of simple polygons. The objective is to minimize 
the total edge length in the triangulation. The GT of a point set in 
the plane is the triangulation obtained by starting with the empty 
set and at each step adding the shortest compatible edge between 
two of the points [1, 8]. This stage is essentially the regularization 
of the polygon. Extra edges are added between vertices of the 
polygon so that : 
Edges only intersect at polygon vertices. Apart from the highest 
vertex, every vertex is joined by a single edge to a higher vertex 
[23]. Apart from the lowest vertex, every vertex is joined by a 
single edge to a lower vertex.
This test analyzes a topology of a created mesh at the place of 
prospective inclusion of an edge, and can be formulated as follows: 
if insertion of the current tested edge leads to at least one of the 
following situations: 

appearance of edges having more than two adjacent • 
triangles;
appearance of a tetrahedron; • 
appearance of angles lesser than a given threshold value (let’s • 
denote it AT)

Then the edge is considered as incompatible and compatible 
otherwise. The given test uses floating-point operations in a 
minimal degree, and is performed fast.  
To achieve the linear complexity, the step of sorting created 
set of all the possible edges is realized in that way: we use a 
one-dimensional regular grid and during the sorting just put a 
current considered edge in the corresponding cell of the grid. 
Such grid having about 1000 cells provide a satisfactory quality 
of sorting.

Fig. 3:

Naturally, an algorithm based on such simple principles can’t 
provide 100% reliability. For example, the applied test can’t prevent 
appearance of edges having less than 2 adjacent triangles (edge 
in fig. 3). During experiments we have about 85-98% correctly 
connected points. But it is enough index for the start algorithm.
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B. An algorithm to Use as the Filtering Algorithm
At the input of the described algorithm we have an unsuccessful 
result of work of a surface reconstruction algorithm. At the 
output we have a set of correctly reconstructed regions and a set 
of free points. In general, the algorithm detects and marks points 
of correctly triangulated regions. Simultaneously the algorithm 
removes wrong edges and triangles. The algorithm can improve 
some errors of the input triangulation, which are caused by 
generation of redundant edges and triangles, but it doesn’t create 
new edges and triangles.  

1. Condition C2.4-1
On an input set of edges is imposed the following condition: each 
edge can have only one or two adjacent triangles. As the basis of 
this algorithm a variant of the well-known “umbrella” filtering [2] 
is used. Each point at the input can have one or several chains of 
adjacent triangles. These chains can be closed or open. Because of 
condition C3.4-1 such chains can’t have any intersections (shared 
edges). The possible cases are shown in fig. 3.

2. Condition C2.4-2
Can be easily proved, that a point of a correctly triangulated region 
can have only one chain of triangles. This chain is closed for an 
internal point, and is open for a boundary point.  

Fig. 4:

In all the cases of elimination of triangles the described algorithm 
is recursive applied for all the other points, which were vertices 
of the deleted triangles.

Table 1:
S.No. Case Action

1 Only one closed 
chain

The point is considered an 
internal point;

2 Only one open 
chain

The point meets condition C2/4-3 
then this point is considered a 
boundary point, otherwise all the 
triangles of the point are deleted 
and the point is considered a free 
point;

3 Several Open 
chains

Elimination of all the open 
chain is made with exception of 
the chains having the greatest 
number of triangles then the point 
is considered like in case 2; 

4
One closed and 
one or several 
open chains

Elimination of all the open 
chains is made, then the point is 
considered an internal point

5 More than one 
closed chains

Elimination of all the chains 
is made, and then the point is 
considered a free point.  

IV. Results and Discussion
Delaunay triangulations maximize the minimum angle of all the 
angles of the triangles in the triangulation. The circum circle of 
a triangle formed by three points from the original point set is 
empty if it does not contain vertices other than the three that 
define it (other points are permitted only on the very perimeter, not 
inside). It creates the mesh triangulation with the sampled points 
within the boundaries of image. It filters the noisy and other than 
triangulation points from the cloud points. Delaunay triangulation 
algorithms are accurate and reliable. The only shortcoming of 
these algorithms is that they do not take into account the height 
of points so their robustness is not certain.

If n is the number of points and d the number of dimensions.
The union of all simplices in the triangulation is the convex 1. 
hull of the points. 
The Delaunay triangulation contains at most 2.    
simplices. 
In the plane (d = 2), if there are b vertices on the convex hull, 3. 
then any triangulation of the points has at most 2n − 2 − b 
triangles, plus one exterior face (see Euler characteristic). 
In the plane, each vertex has on average six surrounding 4. 
triangles. 
In the plane, the Delaunay triangulation maximizes the 5. 
minimum angle. Compared to any other triangulation of the 
points, the smallest angle in the Delaunay triangulation is at 
least as large as the smallest angle in any other. However, 
the Delaunay triangulation does not necessarily minimize 
the maximum angle. 
A circle circumscribing any Delaunay triangle does not 6. 
contain any other input points in its interior. 
If a circle passing through two of the input points doesn't 7. 
contain any other of them in its interior, then the segment 
connecting the two points is an edge of a Delaunay triangulation 
of the given points.

 The Crust Algorithm is a new algorithm for the reconstruction of 
surfaces of arbitrary topology from unorganized sample points in 
3d. After the Crust algorithm computes the Delaunay triangulation 
D(P [Q). To extract the candidate triangles of the surface that should 
be reconstructed from the computed Delaunay triangulation, the 
algorithm discards all triangles having not all vertices in P. The 
idea behind choosing the surface as a restriction of the Delaunay 
complex D(P [ Q) is that all triangles crossing the medial axis of 
the sampled surface S are removed. 
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Fig. 5(a):

Fig. (b):

The candidate triangles form in general not the resulting surface but 
they contain a surface that is homeomorphic to S if the sampling 
P is dense enough. Therefore, a manifold extraction stage will be 
applied to find the final surface called the Crust.

Fig. 6:

Fig. 7(a):

Fig. 7(b):

Fig. 8(a):

Fig. 8(b):

Fig. 9(a):
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Fig. 9(b):

Fig. 10(a):

Fig. 10(b):

Fig. 11(a):

Fig. 11(b):

Fig. 12(a):

Fig. 12(b):

Fig. 13(a):
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Fig. 13(b):

Fig. 14(a):

Fig. 14(b):

The proposed CCAA has been tested in the following configuration, 
the algorithm described in section:A with AT=11 degree as the 
start algorithm and the algorithm described in the section :B with 
Ni=10(introduced in C2.4-3) As the filtering algorithm have been 
used. All the tests have been done on a computer with 2.0 ghz 
core i3 CPU.

The used algorithm has the following specific costs:

C b = 1.6*10-4S
CF = 2.8*10-5S
CA = 2.7*10-4S

V. Future Scope  
To designate the field of future work, let’s note that the natural 
field of use of the designed methods is a joint usage (possible 
with another surface reconstruction algorithm) for processing big 
clouds of points having problems of sampling. But the current 
implementation of the method described earlier can’t work with a 
large input. Thus, as a future work a further improvement of both, 
the principles and the implementation of the method is planned 
to create a system for processing big damaged clouds of points 
that can be used in practice.
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