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ABSTRACT

Today, for many companies, there are large numbérmanufacturing equipments. To better utilize
manufacturing resources, it is necessary to clask# equipments into a few groups. In this papes,
hybrid algorithm of fuzzy clustering algorithm (FGMnd genetic algorithm (GA) is implemented to grou
manufacturing resources. An application sampleeigetbped and its results are analyzed. The grouping
result shows that the hybrid algorithm is reliabiel effective.
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1. INTRODUCTION 2. THE CLUSTERING METHOD BASED
ON FCM AND GA

With the development of technology and the
competition in market, the processing capacity d.1 Fuzzy C-MeansAlgorithm
manufacturing company is constantly improved. A Fuzzy c-means clustering algorithm can realize
product can be produced by different equipmentke fuzzy grouping of data, which has been widely
with different costs, qualities and speeds. Thelqui used in many fields such as image processing,
selection of machining equipments according tmedical diagnosis, object identification and so on.
different demands is very important for improve thé\ccording to principle of least square, FCM can
competitiveness of manufacturer. The difference afbtain the data grouping by optimizing the object
processing ability between different equipments ifuinction with iteration [2]. The object function is
more and more fuzzy. Clustering methods organizhown as following:
a set of items into clusters, by this mean the stém ¢ n
a cluster have a high degree of similarity, whereas j =ZZU“m“)ﬁ —v. "2
items belonging to different clusters have a high " ‘5" !
degree of dissimilarity [1-5].In order to find the(1)
suitable equipments in the plentiful existed
resources quickly, it is very necessary to group th ZC: =1 i=12..
equipments according to their property. In this ” T
paper, the hybrid algorithm of genetic algorith 2)
and the fuzzy c-means clustering (FCM) is used to
group the equipments. The GA [5-8] is mainly used Where C is the number of clusters;

to improve the global searching ability of fuzzy X ={)(1,X2'----,>$} x ORis data setsfd ; is

clustering algorithm. In this way, the optimum . . _
number of groups and classification can be obtain&%ﬂe valge of thetmembershl_p degree O_f the ith abjec
elonging to the"] cluster mis fuzzy weight, m=2.

simultaneously.

g

=1

Applying the standard Lagrange multipliers
minimization method, the fuzzy cluster centers and
fuzzy matrix can be expressed as following:
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u, :;7 ||>S —vj||>0 i andk 2.3 Inner lteration
. {")g —vj||J m In the inner iteration, by using the hybrid
algorithm the optimal classification matrix
k= ||>g _Vk" (3) corresponding to the number of cluster is obtained
and the optimal classification is obtained accaydin
Z":(u_ )m)g to maximum membership degree principle. The
gV — main questions of the hybrid algorithm include
i E— 0j,j=12: ¢ encoding, constructing fitness function, selecting
Z(Uu genetic operators, determining parameters and so
=1 4) on.

FCM is a local searching algorithm so it is easy The objective of fuzzy clustering is to get the

to get in the local optimum and is very sensitive tminimum objective function (loss function). The
the initialization. GA is a widely used global

optimization algorithm in practice which has a lo -
of advantages such as universality, fitness fcymaller, the classification is more reasonable and
concurrent processing and simplicity. By this mearfhe corresponding fitness function of GA should be
a Fuzzy c-means algorithm based on GA not onRjigger. The fitness function is defined as follogvin
has the ability of local searching of FCM but alsavith the objective functiod,, :

the ability of global searching of GA. In this way,

tobjective function of fuzzy clusteringd, is

the problem that the FCM is sensitive to _ 1 _ 1

b st : F(uVv)= =

initialization can be solved and the velocity of J +8 & 2 (7)
| DWW AL

convergence be increased. Lot £ Pk T

2.2 Application Of The Hybrid Algorithm The coding method is real coding on cluster

The hybrid algorithm based on FCM and GA igenter v. A chromosome is composed of ¢ clusters
composed of inner iteration and outer iteratione Thwhich is shown as chr =\, eV,
outer iteration is used to determine the optimal ,. _
number of cluster by GA and the inner iteration is’ (i=12:--c) . Because every cluster has s
used to determine the optimal partition by usingharacters so the length of chromosom@*ss. A

FCM clustering based on GA. chromosome is shown as follows:

In this paper, the equipments are groupe{ivn'vlz’--- Vi VorVouVgreene Ve Ve 2r- ’Vcs}
according to the features which can be processed Iyhe double-point crossover operator is employed.
these equipments such as plane, hole, blind hofhe combination of the remainder stochastic
step, slot, blind slot, pocket, cylindrical profiars  sampling with replacement and the optimum

curved surface, and so on. But because of thedividual maintaining strategy is used as selectio
tolerance requirements, size of feature or parts asperator.

other requirements the same feature can not always

be processed by the same equipment. So the size of\[l€ on generation, FCM is used to optimize the
part and processing accuracy are also consideredP@pulation, the fuzzy martix U and clustercenters V

the attributes of the processing equipments. Ifethe!S reévised according to the code of every
are N processing equipments and s featur&hromosome, then the new fuzzy matrix is coded as

altogether, processing equipment vector is shown new chromosome and the value of objective
Eq. 5 and Eq. 6. function is recalculated.

2.4 Outer Iteration

_)ﬂ (Xl, %a: '%sr B ’61) For FCM algorithm, the number of clustering has
1=1,2;-- N to be determined in advance and it can not be
(5) optimized. The typical genetic algorithm s
implemented in outer iteration to determine the
0 equipment i can not process feature k. 28 g optimal number of cl_ustering. A good clustering
method should consider not only the degree of
compaction of one partition but also the degree of
separation of different partitions. The average
distance between cluster centers is used to

y _{1 equipment i can process feature k
k

_[1 equipment i can process large-sized parts

= {0 equipment i only can process small and mediarts
_ |1 equipment i can be used in finish machining

&= {0 equipment i can not be used in finish mactyni

s
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characterize the dispersion among the differel®@ IMPLEMENTATION OF THE HYBRID
partitions. The bigger the value of average diganc ALGORITHM
between cluster centers is, the greater the degfree

deviation of different partition is. Here, D is ds® The equipment is expressed by pattern vector.
indicate the average distance between clust&he length of the pattern vector is 8. The pattern
centers, shown as follows: vector is composed of 0 and 1, if the equipment can
c process the feature the corresponding value is 1 or

v =il ®) 0, if the equipment can process large-size

D =':1T component the corresponding value is 1 or O, if the

equipment can be used in finish processing the
The objective of out iteration is the maximumcorresponding value is 1 or 0. For example, vertica
objective function Jm and the minimum averagenilling machine can process plane and groove, it
distance between partitions D. The fitness functiocan not process large-size part and can be used in
of outer iteration is defined as: finish processing, so the vector is 01100001, I2the
can process cylinder and taper, plane, groove and
; 9) hole, and it can not process the large-size paitt an
J.(UV)+D be used in finish processing, so the vector is
) ) ) 11110000, shown in Figure 2. To check the validity
In outer iteration, the coding method is binaryf the proposed algorithm, the pattern vector ef th
coding on the number of clustering. The genetigy processing equipments is shown in Table 1, and

number of cluster corresponding to eaclysing the proposed algorithm.

chromosome is calculated and the corresponding
optimum partition in obtained by using the inner
iteration.

F'(uVv)=

‘ Cylinder and taper ‘ Plane ‘ Groove ‘ Hole ‘ Curved surface ‘ Step ‘ Large-size part ‘ Finish processing ‘

e o] ninEEnENG
Lathe 2 @ E @ E

Figure 1 The Vector Representation of Manufacturing Resources

Table 2 Classification Result of Manufacturing Resources

Number Machining Equipment Feature

Of Cluster

5,13, 22 Lathe 2, Lathe 3, Milling and drilling oféne, Milling | Cylinder and taper, plane,
machine 5, Broaching machine groove, hole, curved surface, step

2, 3, 4,7, 8, Drilling machine 1-5, Lathe 1, Lathe 5, Horizonfiale- | Cylinder and taper, hole

19 boring machine, Internal grinding machine,

1, 11, 12,| Vertical milling machine, Milling machine 1, Millep | Plane, groove, step, finish

17,20 machine 3, Milling machine 4, Planning machine| processing

Surface grinding machine

14, 15,21 Milling machine 2, Milling machine 6-&lanning| Plane, curved surface, large-size

machine 2 part, finish processing
6, 18 Lathe 4, Cylindrical grinder Cylinder and daphole, finish
processing
9,10, 16 Lathe 6, Boring-milling machine 1-3, Cdioate setting Cylinder and taper, plane,
boring machine groove, hole, large-size part,

finish processing
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The proposed algorithm was implemented imvolutional generation of the hybrid algorithm is
C++. The population size of the inner iteration and00, crossover rate and mutation rate are 0.8 and

outer iteration are 40 and 20 respectively. The.1l respectively.

Table 1 A Set Of Equipments

Number | Device Name Features Pattern
Vector
1 Vertical milling machine Plane, groove, finistopessing 011000 01
2 Drilling machine 1 Hole 000100 00
3 Drilling machine 3 Hole, large-size part 0001@D
4 Lathe 1 Cylinder and taper, hole 100100 0(
5 Lathe 2 Cylinder and taper, plane, groove, hole 11100 00
6 Lathe 4 Cylinder and taper, hole, finish proaagsi | 100100 01
7 Drilling machine 4 Hole 000100 00
8 Drilling machine 5 Hole 000100 00
9 Coordinate  setting boringPlane, groove, hole, large-size part, fin|sf11100 11
machine processing
10 Boring-milling machine 2 Plane, groove, holergéasize part, finish 011100 11
processing
11 Milling machine 1 Plane, groove, finish procagsi 011000 01
12 Milling machine 3 Plane, groove, step, finisbqassing 011001 01
13 Milling machine 5 Plane, groove, hole, stepisfinprocessing 011101 01
14 Milling machine 6 Plane, large-size part, fingglcessing 010000 11
15 Milling machine 7 Plane, large-size part, fingglcessing 010000 11
16 Boring-milling machine 3 Plane, hole, large-gizet, finish processingd 010100 11
17 Planning machine 1 Plane, groove 0110000
18 Cylindrical grinder Cylinder and taper, finigfocessing 100000 01
19 Internal grinding machine Hole, finish procasgsi 000100 01
20 Surface grinding machine Plane, finish procegsin 010000 01
21 Planning machine 2 Plane, large-size part,Hipi®cessing 010000 11
22 Broaching machine Plane, curved surface, fipisitessing 010010 01

The variation of objective function of fuzzy proposed algorithm the optimal number is 6 and the
clustering Jm and the average distance betweeptimal classification is obtained according to
cluster centers D with respect to the number ohaximum membership degree principle, the
cluster is shown in Figure 2. Jm is monotoneptimal classification of the manufacturing
decreasing and D is monotone increasing as thesources is shown in Table 2.
number of cluster increasing. According to the
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Figure 2 Relationship Between Jm, D And The Number Of Cluster

Every manufacturing resource only belongs tthe requirements. And the manufacturing resources
one class but every single feature could belong tassification is the base of manufacture resources
more than one class. The second group and the fifttodel and manufacturability evaluation. The
group can process cylinder and taper and hofarther work should be focus on how to builde the
features of small and medium parts, but theesources model based on resources classification
equipments in the fifth group can be used in finisAnd integrate the resources model into the
processing, so these processing equipments amanufacturability evaluation system.
partitioned in the two different group. The first
group and the sixth group can process cylinder a FERENCES
taper, hole, plane and groove features, but the .
equipments in the sixth group can process thestl Bezdek, J.C., Keller, J., Krisnapuram, R. and
features of large-size part and be used in finish P&l N. R.Fuzzy models and algorithms for
processing, these equipments are partitioned in Pattern recognition and image processing.
different groups although they can process the same Kluwer Academic Publishing, Boston, 1999.
features. The main content of manufacturability2] Tsdkouras, G. E. and Sarimveis, H.. A new
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