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In the manufacturing industry in recent years, CAE analysis
is actively utilized as a method for evaluating product
performance and reliability in advance. In order to perform
CAE analysis, it is necessary to divide 3DCAD data into small
rectangular elements. This element is called a mesh. It is
difficult to automate because generation of meshes requires
expert knowledge and craftsmanship based on empirical rules.
So far mesh generation is done manually by experts. In order
to optimize the mesh generation procedure and to generate
meshes automatically, we propose a method to optimize using
genetic algorithm.

1 Introduction

In the manufacturing industry, CAE (Computer Aided
Engineering) that evaluates the performance and reliability of
products in advance is proactively promoted. CAE analysis is
a technique for evaluating and improving performance by an
analysis method such as the finite element method (FEM)
before problems occur. With the help of CAE, calculations
that were impossible with conventional methods become
possible, and more accurate performance prediction and
reduction in calculation time are expected. As a work
occupying the majority of the CAE analysis, we have mesh
generation. Mesh generation is a work required to perform
numerical analysis of 3D CAD data imitating the shape of a
product. It is to generate data divided into small elements.
This element is called a mesh. In order to perform mesh
generation, various expert knowledges on CAE analysis such
as analysis methods, finite element methods and the use of
analysis software are required. The quality of the mesh is
evaluated from the shape, flow, number and density
distribution. Since the quality of generated mesh affects the
analysis result, high quality mesh generation is required.
Several methods [1] [2] [3] [4] have been studied for
generating mesh automatically along regions, but manual
correction is still indispensable for actual analysis. In order to
correct the automatically generated meshes to get more
appropriate meshes, the experience and intuition of a
technician with expert knowledge are required. For these
reasons, mesh generation requires huge cost. This is a major
factor that affects the cost of the product. Therefore,
development of a technique for automatically generating a
optimized mesh that can be used for analysis is required.

In this paper, we use machine learning to optimize
parameters of operations required for mesh modification. In
addition, optimal operation procedures and optimal
parameters are acquired for each operation, and better quality
mesh is automatically generated. To generate the mesh, we
use HyperMesh [1] of Altair Corporation, which is a
specialized mesh generation software actually used in the
CAE industry. For machine learning, we use a genetic
algorithm (GA) that can find an optimal solution by giving
appropriate evaluation.

The structure of this paper is as follows. In section 2, mesh
quality, mesh generation method, and mesh generation
software are described as basic knowledge of mesh generation.
Section 3 describes coding methods of genes, mesh
evaluation methods and application methods of GA. Section 4
describes experiments and their results to optimize each
operation and operation procedures. Section 5 discusses the
results.

2 Basic knowledge on mesh
2.1

In the finite element method, it is well known that the
larger the number of meshes, the higher the accuracy of
analysis. However, the larger the data amount, the longer the
analysis time becomes, which is not suitable for CAE analysis.
In order to maintain the analysis accuracy while suppressing
the data amount of mesh, it is necessary to generate high
quality meshes. As the criteria for measuring the quality of
the mesh, we know the number of meshes, the quality of the
mesh shapes, the density distribution of the meshes, and so on.

Mesh quality

First, the number of meshes is described. As the total mesh
number increases, the analysis accuracy increases. But if it
exceeds a certain number, the analysis result is saturated.
Since the computation cost increases as the number of meshes
increases, it is sometimes impossible to perform the analysis
itself. The number of meshes must be determined in
consideration of both the computation cost and the analysis
accuracy required by the user.

Next, the quality of the mesh shape is described. As the
criteria for measuring the quality of the shape, the angle of
distortion and the aspect ratio are mentioned. We explain the
calculation method defined by of a mesh generation software,
HyperMesh [6]. The Angle of distortion from the angle
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Figure 1  Calculate the Angle of distortion

shown in Figure 1 is calculated. Both triangle and square
mesh are defined as better quality when a approaches 90°
gradually. The aspect ratio is the ratio of the largest side
against the smallest side, and the aspect ratio of 1:1 is
considered as ideal. A mesh with a large difference between
the maximum side and the minimum side is defined as poor
quality. Although there are many other criteria for measuring
the quality of the mesh shape, and their calculation methods
are different, the ideal shape in all cases is the regular
quadrangle or the equilateral triangle. Furthermore, in the
finite element analysis, it is known that the solution accuracy
and the quality are higher when the quadrilateral mesh is
adopted rather than the triangular mesh. When generating
quadrilateral meshes that satisfy the above-mentioned quality,
it is difficult to fill square meshes in all the mesh generation
regions and triangle meshes sometimes coexist. The smaller
the proportion of the triangular meshes is included, the better
the meshes are.

Finally, the density distribution of the mesh is described.
High-quality meshes are not always uniform in density as a
whole. In the portion where the stress concentrates or the
shape is fine, meshes should be generated finely locally in
order to obtain accurate calculation results. In some cases it is
necessary to generate a mesh considering the density
distribution of the meshes.

2.2 Mesh generation method

Many research results on mesh generation techniques have
been reported [1] [2] [3] [4]. As main types of meshes, the
shell mesh for generating meshes on the surface and the solid
mesh for generating meshes in a solid are well known.

The bubble mesh method [3] and the advancing front
method [4] are known as methods for generating meshes in
the region. The bubble mesh method is a method of filling a
spherical object in an area and connecting its center points to
automatically generate a square mesh. The advancing front
method is a method of arranging lattice points from the edge
of the area toward the center, interpolating with meshes of
quadrilaterals or triangles, and generating a mesh to move
forward. There is also a technique to improve the quality of
the generated mesh. The technique includes a method of
finely dividing meshes such as Delaunay methods [5] and a
method of reducing the number of meshes such as Edge
Collapse [6].
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Figure 2  The operation screen of HyperMesh

In addition, software systems containing these mesh
generation methods have been developed and it is possible to
automatically generate meshes. However, the manual
correction is indispensable in order to use the meshes for
analysis.

2.3 Mesh generation software

HyperMesh is actually used in the manufacturing industry
as automatic mesh generating software and is one of FEM
analysis modeling software. It is a sophisticated finite element
modeling preprocessor for streamlining the CAE workflow in
product development. Figure 2 shows an operation screen of
HyperMesh. Usually functions are selected and applied using
the mouse or the keyboard to generate a mesh. Hypermesh
provides a powerful shell and a solid mesh generation
technique. Mesh generation is performed by reading 3DCAD
data and applying various methods by full automatic or
manual control. HyperMesh also provides operations using
APIs, and VisualStudio is one of the environments to be used
in conjunction.

A shell mesh generation operation for generating a mesh on
the surface is described. There is a function Automesh for
automatically generating meshes in the selected range. As a
result, meshes are generated in the selected range by using the
provided mesh generation method. However, conditions for
mesh quality vary from user to user, so it is necessary to
modify the meshes by manual control. There is a function
QualityIndex for checking the quality of the whole or partial
meshes. Meshes with poor quality such as mesh aspect ratio
and angle of distortion are detected. In order to manually
modify poor quality meshes, functions DeliteEntity,
CreateNodes, EditElement and ReplaceNodes are available.
An example of shell mesh modification is shown in Figure 3.
In (1) to (3), a poor quality mesh is selected to be deleted. In
(4) to (6), the required node is created and 4 nodes are
selected to repeat the mesh creation. By operating in this way
it is possible to modify the mesh by manual control. It is also
possible to thin out the number of meshes using the function
of combining nodes.
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Figure 3 An example of shell mesh modification

In this way, HyperMesh has many functions to modify the
mesh, but the functions described above are just a part. It is
extremely difficult for a novice user to generate appropriate
meshes. To understand the necessary functions and their
effects to operate accurately, much time and effort are
required.
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Figure 4

Selecting "44-49" meshes

IDs are selected with multiple numbers and spaces such as "24
8 78 9". Writing "-" between two numbers without writing
spaces like "1-5", it is treated as the notation "1 2 3 4 5".
Figure 4 shows the screen when selecting meshes with IDs of
"44-49" in HyperMesh. We specify the selection range of
Remesh by generating mesh IDs as random numbers for an
initial individual of the RemeshGA.

3 Optimization of Auto Mesh Generation ReplaceNode is a function of selecting two nodes to move

Using Genetic Algorithm

3.1 Coding method

HyperMesh is usually operated on the screen with a mouse
and/or a keyboard. Since optimization of HyperMesh
operation procedures should be controlled by programs, the
operation procedures must be given as command lines rather
than interactive operations using a mouse and a keyboard.
During the interactive HyperMesh operation, the history is
kept to be saved in a file command.tcl. From this history, the
syntax for each operation is obtainable to create command
lines to send the operation procedure to HyperMesh. By using
the command lines as input and the history file as output, we
get mesh data generated according to the procedure.

The operations for optimization in this paper are Remesh
and ReplaceNode. We first construct two kinds of GAs: one
for Remesh and another for ReplaceNode. Hereafter, the GA
that optimizes each operation is called RemeshGA and
ReplaceNodeGA. They are collectively referred to as
operation GA. Furthermore, using the operation GAs, the
operation procedure of mesh generation is optimized by
another GA; it outputs optimum operation procedures and
optimum parameters for each operationGA. Hereafter, the
third GA is called integrationGA. The functions used in each
GA and the coding method is described below.

Remesh is a function to reapply the Automesh function to
the selected range. Depending on the selection range, the
quality might be further worse than before in some cases. As a
method of selecting the range, selecting elements or nodes
with a mouse is used. The meshes selected by the method are
recorded in the operation history as mesh IDs of the selected
range, and Remesh is applied based on the mesh IDs. The
mesh ID is the number assigned to each mesh at the time to
generate meshes at the beginning. When the mesh is updated
with Remesh etc., the mesh ID is also updated. Multiple mesh

the nodes to the center position of the two nodes or the second
selected node position and combining them. It is used to
delete unnecessary meshes. Like the above mesh IDs, a node
ID is assigned to a node each time a mesh is generated. Two
node IDs are selected by delimiting them with a space like
"289 314". Like Remesh, node IDs are generated as random
numbers for an initial individual of the ReplaceNodeGA.
Since ReplaceNode usually corrects meshes to be applied
multiple times, we assume that the operation is performed 10
times. However, in order to arrange a mesh by ReplaceNode,
it is necessary to select a pair of adjacent nodes. Since we
need to eliminate pairs of nodes not necessary for the learning
out of all pairs randomly selected from all nodes, we use a
mesh evaluation acquisition function Qualityindex described
in section 3.2. We execute the ReplaceNode with a pair of
randomly generated nodes and acquire the evaluation value
(CompoundQ.I.) of the entire mesh with Qualityindex. This
evaluation value represents the quality of the mesh and the
quality of the mesh is worse as the value is larger. By this
value, a pair of nodes which markedly deteriorates the quality
of the mesh is eliminated and a pair of nodes to be used for
the learning is selected. From the pair of nodes generated by
this method, a pair of nodes is randomly selected for an initial
individual to optimize with ReplaceNode. When overlapped
nodes are selected for an individual the shape of the mesh is
destroyed. To avoid this problem, the evaluation values of the
individuals in which node overlapping has occurred are set to
0 so that mesh generation is not performed.

The integrationGA controls operationGAs. Remesh,
ReplaceNode and "do nothing" are given arbitrary numbers,
and these three are randomly selected to be represented as a
one-dimensional array. An operation corresponding to the
order of the array is executed one by one, the mesh to be
obtained last is evaluated by the method described in section
3.2. When executing Remesh and ReplaceNode, evolutionary
operations from the above coding array are selected to be

ISBN: 1-60132-487-1, CSREA Press ©



Int'l Conf. Par. and Dist. Proc. Tech. and Appl. | PDPTA'18 |

s - o

eyt
| AN ARE asi) &FV AT
|l Shell mesh aality sansry file
f Criterion Failure 3 Worst 0.1, Morst oret '
oriteria failed elenld! elenld elenld)
I ninsize 1.00 1.0/
| 2 nax lergth 0.54 502 144 16
3 aseect ratio 0,00 0,00
4 warpase a.00 a2.00
5 max el 1,00 1,01
B nin sw g.00 g.01
! nax argle 3 1,00 1,01
| 8 min snsle tria 0.0 0.09
9 shew
110 jaccblan
111 dhordal dey
112 taper
{13 € of trias
coreound 0, 1. 6,03
¥ of onds = 62
¥ of trigs = 1"
L trias = 2.5
¥ of failed 2
Figure 5 Text data by Qualitylndex function

executed with optimal parameters. In other words, while
performing evolutionary operations with integrationGA,
operationGAs on individual genes are also executed. When
changing a mesh with a function in Hypermesh, the mesh IDs
and node IDs of the changed meshes are updated to other IDs.
After updating IDs, if the next operation is performed in the
same way, inconsistency may occur in the result. Therefore, it
is necessary to reassign the IDs using Renumber function.
Renumber is a function to reassign a numerical value
designated by the user to an element with an ID in Hypermesh
such as an element or a node of a selected range. Before
executing operations for individual genes, the procedure of
reassigning IDs with Renumber prevents inconsistency in
results.

3.2 Mesh evaluation acquisition method

In our system, we obtain evaluation values of meshes using
QualityIndex function in HyperMesh. This is a function to
calculate whether each mesh satisfies the criterion based on
the default or the quality index specified by the user in
advance. It is possible to calculate the values representing
various qualities and store them in a text file. Figure 5 shows
an example of preserved text data. In the text data, the
evaluation values of the entire meshes are written. It describes
the aspect ratio of the meshes and the angle of distortion, the
maximum interior angle and the minimum interior angle of
meshes, the ratio of triangle and square meshes etc. In general,
in the case of square dominant meshes, smaller percentage of
triangular meshes is the good mesh. In this paper, we set the
evaluation value of each individual to the ratio of triangular
meshes. The number of triangular meshes is written in the text
data. When the number is acquired, they are recalculated so
that the evaluation value becomes higher as the number is
smaller, and the individual is evaluated.

3.3  Application of GA

We obtain evaluation values of the mesh from the text data
using QualityIndex function. The evaluation values are given
to individuals and each evolutionary operation is performed to
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optimize the operation procedure. The procedure of GA is as
follows.

step 1. Individual generation

step 2. Evaluation of individual
step 3. Parent individual selection
step 4. Crossover of genes

step 5. Gene mutation

In stepl, each GA has different gene expression. In
RemeshGA, each gene shows the mesh IDs to be selected.
Remesh is performed on the selected mesh IDs. In
ReplaceNodeGA, each gene represents the number of the
sequences in which the adjacent node pair is stored. When an
adjacent node pair is acquired from the corresponding number
ReplaceNode is executed. The number of genes is the number
of times to execute ReplaceNode. The procedure of the GAs
after Step 2 is the same. In step 2, mesh generation is
performed one by one, evaluation values are calculated from
the acquired evaluation data, and the evaluation values are
given to each individual. In step 3, two individuals to become
parents are selected from the population. In step 4, gene
recombination is carried out with single point crossover from
the two parent individuals selected in step 3. In step 5, genes
are mutated with a certain probability. This process is
executed to prevent the learning from falling into a local
solution. With the above procedure, individuals of the next
generation are created. After that, evolution operation is
performed by repeating steps 2 to 5 as many times as the
number of generations.

We explain the procedure of the integrationGA. Figure 6
shows the flow chart of integrationGA. The integrationGA
optimizes the operating procedure in Hypermesh. In order to
express the mesh generation operation, genes are randomly
generated from the number calculated by adding 1 to the
number of operations to be selected. In this paper, Remesh is
set to 0, ReplaceNode is set to 1, and the operation that “does
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nothing” is set to 2. Therefore, an array with the size of gene
lengths where individuals consist of 0, 1 and 2 is taken as an
(integrated) individual. We explain the evaluation procedure
of individuals. It is necessary to execute the corresponding
operation in order from the beginning of the array with GA
optimized parameters. When the gene is 0, RemeshGA is
executed: Remesh with optimized parameters. The executed
mesh data is saved to read the next gene. When the gene is 1,
ReplaceNodeGA is executed, mesh generation is performed as
in the case of 0, and data is saved to read the next gene. When
the gene is 2, do nothing and move on to the next gene. When
a mesh is changed by any operation, the mesh ID and node
IDs of the changed part are updated and the IDs had to be
reassigned before the operation of the next gene is executed.
After completing the manipulation of the genetic component
of one individual, the last stored mesh is evaluated in the same
way as in operation GAs and it is used as the evaluation value
of the individual. Hereafter, from the evaluation to the
mutation of the gene, it is the same as the procedure of the
operation GA. Evolutionary operation is done by repeating
this for each generation. By recording the genes of the
individuals from the final generation and the optimized
parameters, we acquire the optimized operation procedure and
the corresponding parameters.

4 Experiments

4.1 Experiment method

In order to optimize parameters for the operation in
Hypermesh, we perform experiments of RemeshGA and
ReplaceNodeGA. In addition, we perform an integrationGA
experiment to optimize operation procedures. Mesh data used
as input data in each experiment is described. It is CAD data
of a plane with a circular hole opened in the square as shown
in Figure 4. This data was created using Automesh to generate
the entire mesh, and then QuickEdit was used to generate
meshes around the circular hole. For the meshes around the
hole, their mesh IDs and node IDs are assigned that do not
change during the experiments. In the experiments, meshes
except this part are optimized.

The experiment method of each GA is described. In
RemeshGA, the number of genes of an individual is 10 and
each individual is numbered in ascending order beginning
from 1. A pair out of the ten numbers (genes) is selected to
acquire the sequential numbers between the pair. For example,
when the pair of "1" and "5" is selected, the sequetial numbers
of "I, 2, 3, 4, 5" are acquired. When we generate an initial
individual with randomly numbered genes that are not
arranged sequentially like “7 9 3 4 ...”, the gathered selection
range hardly appears. Therefore, no change occurs in the mesh
and appears in the evaluation. Selecting genes with sequential
numbers, it is easier for meshes to be gathered in a selection
range. Using this method, we have more chance to increase
the change in the quality of the mesh. The number of
individuals is 100, the number of generations is 30, the choice
of individuals is roulette selection, the crossover rate is 0.95,
and the mutation rate is 0.05.
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Figure 7  the selection range by RemeshGA

In ReplaceNodeGA, pairs of adjacent nodes are generated
as described in section 3.1 before generating the initial
individual. We generate 100 pairs of adjacent nodes. Each
individual contains 10 genes and each gene contains 10 pairs
of adjacent nodes out of the 100 pairs. The number of
individuals is 100 and the generation number is 30, 100, and
200 for three cases. The selection method, the crossover rate
and the mutation rate are the same as RemeshGA.

In integrationGA, the number of genes per individual is 10.
As described in section 3.3, ten randomly selected genes with
operation number 0, 1, or 2 are used, and operations of ten
steps are expressed per individual. The RemeshGA executed
in the integrationGA has 10 individuals and 10 generations.
100 pairs of adjacent nodes of ReplaceNodeGA are created.
The the ReplaceNodeGA in the integrationGA has 10
individuals and 10 generations. In the integrationGA, the
number of individuals is 10, and the number of generations is
10. The selection method, the crossover rate, and the mutation
rate are the same as RemeshGA.

4.2  Experimental results

The experimental results of RemeshGA, ReplaceNodeGA,
and integrationGA are described.

Figure 7 shows the result of the selection range output by
RemeshGA. In the selection range, the white part is output
from the RemeshGA. Figure 8 shows the changes before and
after RemeshGA application to the selection range shown in
Figure 7. As shown in Figure 8(a), the data before RemeshGA
contains eleven triangular meshes while as shown in Figure
8(b), the applied mesh has seven triangular meshes. The
RemeshGA succeeds in generating quadrilateral meshes with
a natural flow.

As for the results of ReplaceNodeGA, Table 1 shows the
number of individuals, the number of generations, and the
evaluation values of the experiments. We set the upper limit
of the evaluation value 100 and the evaluation value is
calculated by subtracting the number of triangular meshes
from the upper limit. The evaluation value of the data before
ReplaceNodeGA is 89. Running ReplaceNode on a pair of
neighboring nodes in a lattice mesh increases the mesh of
triangles by two. For this reason, the number of triangular
meshes is increased from the data before the application of
ReplaceNode to result in lowering the evaluation value for a
while. However, As the generation progresses, the evaluation
value is slightly improved. This is because there are more
places to select pairs of adjacent nodes each time the
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Table 1  Result of ReplaceNodeGA
individuals generations evaluation
100 30 74
100 100 75
100 200 76

(a) Before Remesh

(b) After Remesh

Figure 8 The changes before and after remesh

generation progresses. An example is shown in Figure 9.
Figure 9(a) is the result of executing ReplaceNode on
randomly selected node pairs. Two triangular meshes are
added for each pair. Figure 9(b) is the result of executing
ReplaceNode with selecting adjacent node pairs. The
quadrangular mesh between them has been deleted.
ReplaceNode is executed twice but the number of triangular
meshes decreases by two.

In the integrationGA, Figure 10 shows the operation
procedure and parameters of the execution results.
"2200201002" arranged in order from top to bottom on the
left end is an optimized operation procedure. Numerical
values arranged to the right of numbers representing
operations are parameters optimized for each operation. “0”
indicates mesh IDs in selection ranges for Remesh, and “1”
indicates pairs of adjacent node IDs for ReplaceNode. “2”
indicates that nothing is executed and it is displayed as a dash
sign. As a result, the final procedure is obtained: three times
Remesh, one time ReplaceNode and two times Remesh. The
evaluation value is 89. We perform the experiment several
times under the same condition and find resultant procedures
tend to contain a small number of ReplaceNode executions or
even zero.

5 Discussion

5.1 RemeshGA

We presume that the evolutionary operation was performed
efficiently by devising the individual generation method so as
to increase the variation of the selection range and the
difference in the number of triangle meshes set for the
evaluation value also increases. So we succeed in the
evolutionary operations in the GA and the experiment results
show the success in optimizing the mesh generation operation.
As for the shape of the selected range, the results show
selected ranges often cover the area where triangular meshes
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(b) Select adjacent

(a) Select at random

Figure 9  Change in result depending on

selected part
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Figure 10 The operation procedure and parameters of the
execution result

are concentrated but also sometimes chose the area with
meshes to be unnecessary to be modified. It seems that this is
influenced by the arrangement of mesh IDs of input data and
the selection method of genes. In input data, mesh IDs are
allocated in the direction from the lower right to the upper left
in order from the lower left mesh. As we generate individuals
to select consecutive numbers, the result of the shape
extending from the lower right to the upper left is obtained. In
order to further optimize the operation, it is necessary to
investigate more effective selection methods within any range
not depending on the arrangement of mesh IDs.

In the experiment, we set the evaluation value to be higher
quality as the number of triangular meshes is smaller. The
Remesh sometimes increases triangle meshes according to the
selection range. We presume that a wide range of results came
out because in the experiment it was able to keep the quality
with the wide range where meshes are intensively arranged.
However, if data of another shape is used, even if succeeding
in reducing the number of triangle meshes, there is a
possibility that quadrilateral meshes with poor quality are
generated. We think that it is possible to generate higher
quality meshes by investigating new evaluation values for the
quadrilateral mesh quality.

5.2  ReplaceNodeGA

We discuss the factors that greatly reduce the evaluation
value. Applying the ReplaceNode once, the number of meshes
of 0 to 2 triangles increases, and it is necessary to execute
ReplaceNode at appropriate multiple positions in order to
reduce the meshes. An example how to reduce the number of
triangular meshes using ReplaceNode is shown in Figure 11.
In Figure 11(a), the pairs of the nodes that are sequentially
arranged from the triangular mesh toward the outside are
selected. By executing ReplaceNode, it is possible to delete
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(b) After ReplaceNode

(a) Selected node pairs

Figure 11  An example of ReplaceNode

the meshes between outer meshes and delete the triangular
mesh as shown in Figure 11(b). In the process of GA, when an
individual succeeds to make the selection as in this example,
the evaluation value is just increased by 1 in the current
evaluation method. Moreover, since another gene increases
triangular meshes by 0 to 2, it is estimated that the desired
evaluation value cannot be given and the learning efficiency is
poor. It is necessary to efficiently improve the evaluation
value when pairs of consecutive nodes are selected and to
investigate the coding method so that pairs of consecutive
nodes are easily selected.

5.3 IntegrationGA

By adding an operation of “do nothing” as an option, it is
possible to freely change the number of operations without
limiting it to the number of times corresponding to the number
of genes. As a possible improvement to avoid bad operations,
for example, a method of giving high evaluation values when
a mesh can be efficiently generated with fewer times should
be investigated.

We discuss the reasons why the unbalanced number of
genes, namely a very small number of ReplaceNodeGAs, is
found in the results. In this experiment, ReplaceNodeGA is
the element that lowers the evaluation value, so it becomes
difficult to appear as a gene in integrationGA. We think that it
becomes possible to generate meshes with better quality by
optimizing the operation to be selected as a gene.

In the experiment, there are only 2 operations for the option
in the integrationGA. Nevertheless, sufficiently useful results
are obtained. We think that by increasing the number of

choices, a more diverse mesh generation procedure is obtained.

6 Conclusions

In this paper, we proposed an optimized mesh generation
method using GA. In order to obtain highly accurate results in
CAE analysis, it is necessary to generate high quality meshes.
Many methods of automatically generating meshes have been
studied, but manual correction is indispensable. In order to
manipulate the mesh generation software to generate
appropriate meshes, it is necessary to have an intuition based
on empirical rules. Therefore, we proposed the operation GA

which optimizes the parameters of mesh generation operations.

In addition, we proposed the integrationGA that generates
optimum parameters for each operation and the optimum
operation procedure. In the experiment Hypermesh is used for
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actual mesh generation and the operation is automated with
visualstudio. As operation GAs, we proposed RemeshGA and
ReplaceNodeGA that optimize the parameters of the Remesh
function and the ReplaceNode function of Hypermesh. We
have implemented the proposed methods, and perform
experiments of the operationGAs and the integrationGA. In
RemeshGA, we succeeded in optimizing mesh generation by a
method where the target range selects closely arranged
individuals. In ReplacenodeGA, we succeeded in selecting
pairs of adjacent nodes but the results did not converge well.
It is necessary to improve. In integrationGA, we succeeded in
freely changing the number of operations by adding the
operations of “do nothing” as an option. From this result, it
was confirmed that optimization of mesh generation is
possible by devising the representation method for individuals
and the way to give evaluation values.

In this paper, only the number of triangular meshes is
defined as the evaluation value of GA. It does not include the
criteria for measuring other mesh quality as described in
section 2.1. In the future work, we think that it is possible to
generate higher quality meshes by improving a method of
setting evaluation values including other criteria such as mesh
shape quality.
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