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Semiautomatic generation of database
in finite element programs
Daniela P. Cârstea

the speedup of the computation can be improved. The
conventional mesh generator can be used both in the case of
convex domains and for domains with shapes not too different
from a convex. In “twisted” geometry a suitable transport
function must be defined but it is difficult to find a transport
function for non-convex domains.
The main goal of this work is to present an algorithm for a
high-quality mesh also the coarse (initial) mesh is of poor
quality.

Abstract— A pre-processor for the generation of the mesh 2D in
a CAD product based on the finite element method (FEM) is
presented. Our software product is based on the multiblock method
and is implemented in C language. A friendly interface user-program
is included and some communication languages are available in the
communication protocol. In our software product the database
consists in a set of files (text or binary files). These files contain both
geometrical data of the elements and physical properties (field
sources, material properties, boundary conditions etc). The database
can be used by well known software products for graphics processing
and post processing stages of a finite element program.
We present some aspects of parallel implementation of the preprocessor. In our approach a coarse mesh is generated as the starting
point of the parallel mesh generation. The domain to be meshed is
decomposed into a number of sub-domains. This decomposition is
guided by physical considerations.

II. THE MULTIBLOCK METHOD
The multiblock method [3], sometimes referred to as superelement method, has some advantages over many methods.
One main advantage consists in the fact that it is well suited
for parallel computation. This is a top research area and our
program was created with this idea in mind. It was tested for
many applications for conventional computers but can be
extended for advanced architectures, like parallel computers.
The basic idea consists of partitioning the domain of field
into a set of curved-sided general quadrilateral blocks. Each
block of this coarse partitioning is then meshed in triangles.
Although the method is efficient for parallel architectures, it
includes two kinds of difficulties:
• The creation of elementary blocks and their meshes
• The management of the block interfaces
As input data, the mesh generator requires data for the
coarse mesh of the domain in terms of blocks of quadrilateral
nature and, in addition, data for point's distribution on the
block edges. The number of the points must be consistent (i.e.,
two logically connected edges must have the same number of
control points). The control points can be generated
automatically in the case of “straight edges”, but for “curved
edges” the control points are given explicitly in order to
describe the shape of the “curve” accurately.
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I. INTRODUCTION

I

n many engineering applications in the area of field
computation, the numerical models are based on the finite
element method (FEM). The FEM programs have a modular
form in accordance the stages of the method: pre-processing,
solution (processing) and post-processing. The greatest task in
any finite element program is generally the preparation of the
input data. There is a large amount of input data that consists
in both geometrical and physical data. In order to eliminate
much of the effort involved in data preparation for finite
element programs, an automatic or semi-automatic mesh
generation can be employed. In this way the data errors which
inevitably occur during manual preparation are eliminated.
Our work concerned to pre-processing of the FEM
programs. In order to eliminate much of the effort involved in
data preparation for finite element programs, an automatic or
semi-automatic mesh generation can be employed. In this way
the data errors which inevitably occur during manual
preparation are eliminated. There are a lot of methods for
mesh generation but some of them are not efficient. A semiautomatic approach is very efficient.
The mesh generator can be implemented both in
conventional and parallel computers. On parallel computers

III. A CONVENTIONAL ALGORITHM
The idea of the multiblock method is simple [2]: the spatial
domain is divided into a few large blocks or zones (the input
data), and the subdivision proceeds automatically. The
algorithm has four steps presented in the figures 1- 4.
In a semi-automatic generator the block is specified by:
• The number of the elements of division on the
directions ξ and η , called nζ and nη.
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The algorithm in pseudo-code has the following form [1]:
1. The construction of a coarse mesh. It consists in:
• Definition of the structural blocks
• Definition of the control points on the edge of the
blocks
2. The subdivision of each block in more blocks in
accordance with the position and the number of points
on its edges
3. The connection of individual meshes with nodal
renumbering
4. The subdivision of each quadrilateral element in
triangles to obtain the final mesh
Each step of the algorithm involves some operations that
are not easy to implement. For example, the step 2 of the
algorithm uses transport-deformation functions that depend by
the domain (convex or non-convex), and the block nature [3].
Step 1. Definition of the blocks
Initially we generate a coarse mesh with a reduced number
of blocks. The decomposition of the analysis domain is guided
by physical considerations, i.e., the block is defined by a part
of a device with homogeneous materials.

and element nodal points in each block are numbered
separately. For this step of our software product, we use linear
4-noded quadrilateral elements. The elements are formed by
linearly connecting grid points, as shown in Fig.2.

Fig. 2 - Subdivision of a structural block
The natural co-ordinate system ξ and η permits elements
with curvilinear shapes to be considered. The co-ordinate
values x and y at any point within the element are given by the
expressions [4]:
n (e )
x(ξ , η ) = ∑ N i (ξ , η ) ⋅ xi
i =1

Fig. 1 - The definition of blocks
Our mesh generator starts with quadrilaterals with parabolic
sides. Each block has the general form of a curved-sided
quadrilateral and is represented by the 8-nodded quadratic
isoparametric element described in [4]. A quadrilateral is
defined by four vertices and four points located on each of the
sides (see Fig. 1). For a quadrilateral domain, let n be the
number of points describing edges 1 and 3 and m
corresponding to edges 2 and 4. The method creates a mesh
consisting of (n-1) (m-1) quadrilateral elements.
Step 2. The subdivision process
In the step 2 of the algorithm, each block is subdivided into
quadrilateral elements according to a fineness of subdivision
to be specified as data input (Fig. 2). This is a feature that can
permit a parallel implementation of the algorithm. The
subdivision process is performed individually for each block
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77

n (e)
y (ξ , η ) = ∑ N i (ξ , η ) ⋅ y i
i =1
with: xi, yi the co-ordinates of the node i and Ni – shape
function. The natural curvilinear co-ordinates ξ and η range
between the limits ± 1 and the direction of ξ is defined by
the order of numbering of the first 3 element node numbers,
following an anticlockwise sequence around the element.
The interpolation functions for quadrilateral elements are
[4]:
For a vertex:
N i (ξ , η ) = (1 + ξξ i )(1 + ηη i )(ξξ i + ηη i − 1) / 4

For a middle point of an edge:

ξi = 0 :

2
N i (ξ , η ) = (1 − ξ )(1 + ηη i ) / 2

ηi = 0 :

2
N i (ξ , η ) = (1 − η )(1 + ξξ i ) / 2

In a semi-automatic generator we must define the block. In
our generator we specify:
• The number of the elements of division on the
directions ξ and η, called nx and ny.
• For a non-uniform mesh we specify the weighting
factors.
Denoting by (pξ)i and (pη)i the weighting factors, the grid
points can be located [2]. The algorithm in pseudo-code has
the following form:
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Initiate the co-ordinates ξ and η
Compute the natural co-ordinates for the division:
2( pξ ) i
(1)
ξ i = ξ i −1 +
pξT ⋅ c
2( pη ) i
η i = η i −1 +
pηT ⋅ c

(2)

where
nx
pξT = ∑ ( pξ ) i
i =1
ny
pηT = ∑ ( pη ) i
i =1

The value for c in (1)-(2) is 1 for linear elements (defined
by 4 nodes), and 2 for quadratic elements (defined by 8
nodes).

Fig. 4 - Final mesh
In order to allow the mesh to be graded, the absolute or
relative size of the elements in a particular block is defined or
computed. In the first approach we compute the absolute size
of the elements. The user defines the spacing at the edge ends
i and j.
For adjacent blocks it is necessary to specify the spacing
values so that the subdivisions along block interfaces are
compatible.
In another approach, the weighting factors, which prescribe
the relative size of elements within a block, are generated
automatically both in ξ-direction and η-direction. The user
defines the spacing at the ends of an edge of the block. The
formulae that we use for estimating the number of points that
will be produced by our mesh generator are simple and cheap.
Finally, the generated mesh is processed so that a
bandwidth minimisation is obtained. This procedure is based
on a judicious ordering of the structural blocks and node
numbers allocated.

Step 3. The connection of individual blocks
The subdivision process is performed individually for each
block. A connection is made (see Fig. 3). The element nodal
points in adjacent blocks are numbered separately.
The nodal points along block interfaces will have common
co-ordinate values and therefore should be uniquely
numbered. Thus after subdividing each block in a mesh, it is
necessary to search for nodal points along block interfaces, by
comparing the co-ordinates of all nodal points, and then
assigning a single nodal number to the nodes with identical
co-ordinate values.

IV.

The scope of the generator is to create automatically the
database necessary in the following stages of the FEM
program: processing and post-processing. In our software
product the database consists in a set of files (text or binary
files). The relevant attribute of the database is the portability.
For this requirement, the output data of the mesh generator are
arranged in two types of the files: the first type of the files
contains the geometrical properties of the mesh; another file
contains the physical properties of the elements (field sources,
material properties, boundary conditions etc).
The first file with geometrical properties contains the
records with the following components: the number of the
node, co-ordinates of the nodes, code for the boundary
conditions. The nodes are labelled with integers ranging from
1 to the total number of nodes in the domain. The second file
with geometrical properties contains element data: number of
the element, the nodes of the element, label of the element,
code of the edge for non-natural boundary conditions. The

Fig. 3- The connection of individual meshes
Step 4. Generation of the triangular mesh
In the step 4 of the algorithm, a triangular mesh can be
created (see Fig. 4). The quadrilaterals can subsequently be
split into two “optimal” triangles (i.e. splitting with respect to
the shortest diagonal).
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two files have no physical information about the domain. In
this way the database is independently by the field problem.
The attributes relative to the physical problem can be
assigned finally if the user desires. The process is done by the
codes from the records of the geometrical files. For example,
the element code is an index in a table with physical properties
of the element. An alternative approach is to assign the
physical properties in the assembly phase of the finite element
program in processing stage. From practical considerations, all
elements in a block have the same code.
The user has the access at the database and can link it with
different programs of FEM or software products as Mathcad,
Matlab etc. The advantage of our software consists in the
possibility of the user to develop his solvers for special
problems in engineering.

a set of four similar triangles to original [6].
The manual selection of the mesh refinement is based on
the engineers' experience in the area of the application. This
experience can not be ignored in the starting mesh. But we
must not forget that an automatic refinement can be done after
an error estimate, that is, after the processing stage.

Fig. 7- Quadri-section
We considered only triangular elements but our generator
can create different element types. The permitted element
types are:
Linear 3-nodded triangular elements. The procedure for
mesh generation was presented in the above discussion.
Linear 4-noded quadrilateral elements. In this case elements
are formed by linearly connecting grid points.
Quadratic 8-noded isoparametric elements. For this case
each element spans over a 2 x 2 mesh of grid points.

V. SEMI-AUTOMATIC FACILITIES
The mesh generator has a lot of manual facilities for
refinements. The initial mesh can be extended in the zones of
the interest. Some transformations as bisection, trisection,
quadri-section, symmetry etc. were included in our software
product and can be used by the users in the development of
the database in the manual effort involved in data preparation
[5]. An automatic extension involves the design of efficient
error estimators and this task is difficult. An engineer can
estimate the zones with accuracy problems so that a manual
extension is a good approach in the development of the final
mesh.
The bisection method involves the division of the triangular
element in two elements using the middle of a side in an
element (Fig. 5). Many designers use the bisectors of the
triangle for division of this.

VI. PARALLEL PROCESSING
Parallelism is obviously in every stage of the FE program.
We discuss about this aspect in the stage of pre-processing.
The pre-processing stage can be done in parallel although the
unstructured meshes arise some problems in the parallel
implementation of this stage. Mesh generation can be done in
parallel using different algorithms. The general principle
consists in the division of the original spatial domain in a
number of regions that are assigned at different processors.
Each processor generates a sub-mesh (using an algorithm as
Delaunay's algorithm), and finally the global mesh is obtained
by joining the sub-meshes. Parallel generation of a mesh is a
constrained problem. A requirement of the generation
algorithm is to minimise the number of generated nodes that
lie on the boundary between regions on different processors.
The generation algorithm can be influenced by the approach
used in the solution phase of FE program [3].
Many software products in this area use the adaptive mesh
generators. In the first step, a coarse mesh is generated and the
problem is solved with this mesh. Afterwards, an error
estimator is run in order to estimate the errors over each
element and, if it is the case, a new mesh is generated by a
refinement technique. In this direction the following strategies
are used: h-strategy (when elements are refined); p-strategy
(when the order of the polynomial approximations of the
unknowns is increased); h-p strategy (a combination of the
previous strategies).
The parallel refinement techniques consists in the following
steps:
• Partitioning the coarse mesh using an efficient
algorithm

Fig. 5 - Bi-section
The trisection method involves the division of the triangle
in three triangles (Fig.6). The new vertex is the intersection of
the medians.

Fig. 6 - Tri-section
The quadri-section method involves the division of a
triangle in four triangles by the middle lines of the selected
triangle (Fig. 7). This approach is good for local refinement of
the mesh in an adaptive method. The result of this approach is
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The conventional mesh generator can be used both in the
case of convex domains and for domains with shapes not too
different from a convex. In “twisted” geometries a suitable
transport function must be defined and it is difficult to find a
transport function for non-convex domain [3].
The mesh generator developed by the author is easy to use.
The first version of this mesh editor was a semi-automatic
generator [5]. We can control the density of elements in a
given region. As input data, our mesh generator requires the
input of a coarse discretization of the domain in terms of
blocks of quadrilateral nature and, in addition, a distribution
on the edges of the blocks. The number of the points must be
consistent (i.e., two logically connected edges must have the
same number of control points). The control points can be
generated automatically in the case of “straight edges” but for
“curved edges” the control points are given explicitly in order
to describe the shape of the “curve”.
We limited our presentation at the level of the initial mesh
of the FE program but an adaptive mesh generation can be
used. In an adaptive mesh the following strategies can be
used: h-strategy (when elements are refined); p-strategy (when
the order of the polynomial approximations of the unknowns
is increased); h-p strategy (a combination of the previous
strategies). This approach involves the design of an error
estimate that leads to a large computational effort.

Distribution of the mesh partitions to the processors. It
is possible that each processor to have a number of
subregions to deal with.
• Independent refinement of the sub-meshes by each
processor.
In the refinement technique, each processor needs a list of
local vertices, which are shared with neighbouring
subdomains. The requirement of keeping a constraint join
between the different regions, which are meshed
independently, is discussed in.
As a final conclusion, the FE mesh itself can be generated
in parallel, with each processor generating a portion of the
mesh, which it was allocated during the partitioning phase.
Refinement techniques can be used if it is necessary.
VII. CONCLUSION
Mesh generation is a critical stage in the numerical
simulation of the physical systems using FEM. A coarse
quadrilateral mesh is generated first to provide the basis of a
fine triangular mesh.
In this work we described an efficient program for
generating finite element meshes based on automatic element
subdivision of a few large domains or blocks which are
defined as input data. This approach enables robust domain
decomposition.
Our mesh generator can be implemented both in
conventional and parallel computers. On parallel computers
the speedup of the computation can be improved. The FE
mesh itself can be generated in parallel, with each processor
generating a portion of the mesh, which it was allocated
during the partitioning phase. The communication between
processors can be reduced during the parallel mesh generation
by manual decomposition of the analysis domain in blocks
with imposed control points. If a refinement involves the
interface refinement, the interfaces are extracted and refined.
After that, the mesh generation method is applied for each
block.
Refinement techniques can be used if it is necessary.
Generally, numerical simulations sometimes require several
meshes for the same geometry in different sizes.
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