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Abstract – Because of the difficulty in understanding the 
physics of the machining process, several different intelligence 
methods, which employ cutting forces for estimation tool wear, 
have been developed in the past few years. Unfortunately, none of 
them can overcome the difficulty to estimate the errors of 
approximation during tool wear monitoring. This paper aimed at 
presenting a tool wear monitoring method using type-2 Takagi-
Sugeno-Kang (TSK) fuzzy approach. This innovative method not 
only provides high reliability of the tool wear prediction over a 
wide range of cutting conditions, but also assesses the 
uncertainties associated with the modeling process and with the 
outcome of the model itself. The magnitude and direction of 
uncertainties in the machining process are described explicitly to 
increase the credibility of assessments.

Keywords—uncertainty estimation, type-2 TSK fuzzy logic, 
tool wear condition,  machining, approximation

I. INTRODUCTION

The tool condition has a strong influence on the surface 
finish, dimensional integrity of the workpiece, and vibration 
levels of the machine tool. Tool wear describes the gradual 
failure of machine tools due to regular operation. The 
information obtained from tool wear monitoring can be used 
for several purposes that include: establishing tool change 
policy, economic optimization of machining operations, 
compensating for tool wear on-line, and avoiding to some 
extent catastrophic tool failures [1]. Effective monitoring of a 
manufacturing process is essential for ensuring product quality 
and reducing the production costs.  The analysis, 
implementation and evaluation of machining processes present 
challenges to manufacture industry.  

In a tool condition monitoring system, real-time data are 
first acquired from sensors located at different locations of the 
workpiece, tool and machine-tool, then signal processing 
technique is used to extract valid data, and a decision making 
system is used to analyze the data and classify the results in 
order to make a more reliable estimation of the state of the tool 
and consequently of the machined parts themselves [2].  

Due to the difficulty in understanding the exact physics of 
the process, the information obtained during machining 
process is not complete and precise. It is difficult to establish 
theoretical and analytical approaches or mechanic models by 
using this kind information which is vague, contradictory, or 

deficient in some other ways. Moreover for these models, 
there are many additional assumptions that reduce the 
reliability of the models and a large number of cutting 
experiments that increase the money and time consuming.  

Advanced signal processing techniques and artificial 
intelligence play a key role in the development of modern tool 
condition monitoring systems [3],  such as,  neural network 
(NN), mamdani fuzzy logic (FL, the combination of NN, 
artificial intelligence (AI) and mamdani FL or with some 
automatic generate method, i.e., genetic algorithm (GA), TSK 
FL [4] as well. The advantages of NN are flexible structure, 
parallel computation and noise suppression. FL approach has 
high capability of representing imprecise situations. And the 
combination of NN, AI and FL is capable to handle large data 
and automatic generation of fuzzy knowledge bases. Detailed 
description can be found in [3].  All these methods have the 
similar aims – matching the estimation of average cutting tool 
wear and the directly measured wear value. Unfortunately, 
none of them can overcome the difficulty to estimate the errors 
of approximation during tool wear monitoring.

 The aim of this paper is to present an innovative tool 
wear monitoring method using type-2 TSK fuzzy approach [5] 
based on subtractive method [6] to accomplish the integration 
of multi-sensor information and tool wear information. It 
generates fuzzy rules directly from the input-output data 
acquired from sensors, and provides high accuracy and high 
reliability of the tool wear prediction over a wide range of 
cutting conditions. Moreover, its interval set of output assesses 
the information of uncertainty in the estimation of tool wear 
condition, which is of great value to a decision maker and can 
be used to investigate the complicated tool wear condition 
during machining process.

In this paper, section I introduces the development of tool 
wear monitoring. Section II recalls the theoretical foundation 
of subtractive clustering based type-2 TSK fuzzy approach. 
Section III is a turning case studying. The experimental results 
show the effectiveness and advantages of type-2 TSK fuzzy 
approach. The magnitude and direction of uncertainties in the 
machining process are described explicitly to increase the 
credibility of assessments. Section IV is the conclusion and 
future research direction. 
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II. TYPE-2 TSK FUZZY APPROACH AND ITS IDENTIFICATION 
ALGORITHM

A. Type-2 TSK fuzzy approach 

The fuzzy logic (FL) has been originally proposed by 
Zadeh in his famous paper “Fuzzy Sets” in 1965 [7]. His 
following proposal of linguistic approach [8, 9] was expanded 
into fuzzy systems modeling as a qualitative modeling. Since 
then Fuzzy logic has emerged as a powerful technique for 
controller, modeling and other expert system. TSK fuzzy rule-
based system [10, 11] was proposed in an effort to develop a 
systematic approach to generate fuzzy rules from a given 
input-output data set. This model consists of rules with fuzzy 
antecedents and a mathematical function in the consequent 
part. The antecedents divide the input space into a set of fuzzy 
regions, while consequents describe behaviour of the system 
in those regions. TSK fuzzy approach is a very powerful tool 
for function approximation due to its capability to explain 
nonlinear relation using a relatively low number of simple 
rules.  

A generalized type-1 TSK model can be described by 
fuzzy IF-THEN rules which represent input-output relations of 
the system. For a MISO first–order type-1 TSK model, its kth 
rule can be expressed as: 

IF 1x is kQ1 and 2x is kQ2 and … and nx is nkQ ,

THEN   Z is n
k
n

kkkk xpxpxppw ++++= ...22110 (1) 

where 1x , 2x …, nx and Z are linguistic variables; kQ1 , kQ2 ,
…, and nkQ  are the fuzzy sets on universe of discourses U, V,
…, and W, and kp0

, kp1
, … , and k

np  are regression parameters. 
Because Gaussian basis functions (GBFs) have the best 

approximation property [12], Gaussian functions are chosen as 
the membership functions (MFs). A Gaussian MF can be 
expressed by the following formula for the vth variable: 
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where ∗k
vx is the mean of the vth input feature in the kth rule 

for  ],0[ nv ∈ . σ  is the standard deviation of Gaussian MF. 
Based on the extension principle [13], Mendel and his 

students extended previous studies and established a complete 
type-2 fuzzy logic theory with the handling of uncertainties 
[14].  For the most general type-2 fuzzy model, antecedents 
are type-2 fuzzy sets and consequents are type-1 fuzzy sets, 
then consequent parameter are assumed as convex and normal 
type-1 fuzzy number subsets of the real numbers, so that they 
are fuzzy numbers. These rules let us simultaneously account 
for uncertainty about antecedent MFs and consequent 
parameter values. The output of type-2 fuzzy system is not 
only a crisp output but also an interval output, which reveals 
the uncertainty due to antecedent or consequent parameter 

uncertainties. Type-2 TSK FLS was presented in 1999 [15], 
and type-2 TSK FLSs have the potential to be used in control 
and other areas where a type-1 TSK model may be unable to 
perform well [14] because of its large numbers of design 
parameters.  Type-2 TSK FLS is completely described by
Prof. Mendel in his book [14] which opens a new door to 
estimate uncertainty using imprecise information.  

A generalized kth rule in the first-order type-2 TSK fuzzy 
MISO system can be expressed as (4) instead of (1) in type-1 
TSK fuzzy MISO system. 
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from the kth IF-THEN rule in a total of M rules FLS, kQ1

~

, kQ2

~
,

…,
nkQ

~ are fuzzy sets on universe of discourses. 
To obtain a type-2 model directly form a type-1 model, a 

width k
ja  of *

jkx  is extended to both directions of cluster center 
*
jkx  as shown in Fig. 1. By so, cluster center is expanded from 

a certain point to a fuzzy number:  
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where k

ja  is spread percentage of cluster centre ∗
jkx  as shown 

in Fig. 1. The cluster center ∗
jkx   becomes a constant width 

interval valued fuzzy set  
*~

jkx  . 

Fig. 1 Spread of cluster center 

And consequent parameter 
k

jp
~  is obtained by extending 

the consequent parameter 
k

jp from its type-1 counterpart using 
the following expression: 
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where [ ]nj ,0∈ , and 
k

js  denotes the spread of fuzzy numbers 
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Hence, the premise MF is changed from type-1 fuzzy sets 

of (2) into type-2 fuzzy set, i.e.,
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where k
jσ  is the standard deviation of Gaussian MF.  

B. Type-2 TSK fuzzy  identification algorithm 

According to type-2 FLS theory [14], a type-2 TSK fuzzy 
FLS based on subtractive clustering method [5] was 
introduced. The diagram of type-2 TSK fuzzy approach 
algorithm is shown in Fig. 2. 

Fig. 2 Subtractive clustering based type-2 TSK fuzzy approach 

Type-2 TSK fuzzy approach includes two steps. First, 
subtractive clustering method [6] was combined with a least-
square estimation algorithm, to accomplish the integration of 
multi-sensor information in order to obtain a type-1 fuzzy 
model. The detailed description can be found in [4]. Based 
only on measured data without prior knowledge, there is no 
systematic way to obtain a TSK fuzzy model with a simple 
structure and sufficient accuracy. By using subtractive 
clustering, it is easy to obtain an efficient Type-1 TSK FLS. 
But this method, like other artificial intelligence methods has 
the difficulty to estimate the errors of approximation during 
tool wear monitoring. And for type-1 TSK approach itself, the 
usage of precise membership functions results in uncertainties 
in the approach results as well.  

The next step is extending the type-1 fuzzy model to its 
type-2 counterpart. It is obtained by considering the type-1 
MFs as principle MFs and assigning uncertainties to cluster 
centers, consequence parameters and standard deviations of 
Gaussian MF. Minimum error approach is obtained through 
enumerative search of optimum values for spreading 
percentage of cluster centers and consequence parameters 
because the model is very sensitive to them [16]. This 
description of the diagram of this part was given in detail in 
[5]. 

IV. CASE STUDY

A. Experimental setup 

The experiments described in this paper were conducted 
on a conventional lathe TUD-50. A CSRPR 2525 tool holder 
equipped with a TiN-Al2O3-TiCN coated sintered carbide 
insert SNUN 120408 was used in the test. To simulate factory 
floor conditions, six sets of cutting parameters were selected 
and applied in sequence as presented in Fig. 3. During 
machining, the feed force ( fF ) and the cutting force ( cF )
were recorded while the tool wear was manually measured 
after each test. 

Fig. 3 Cutting parameters used in experiments 

        For our purposes, tool wear (VB) was estimated from 
three input sources: feet rate ( f ), fF  and cF . The choice of 
input variables was based on the following two observations: 

fF is independent of f , but rather depends on VB and the 
depth of cut, denoted

pa .  Moreover, cF depends on 
pa and f ,
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while being only weakly dependent on VB. So, in this paper f
and the measurement cF are used to determine

pa , and the 
measurement fF  is used to determine VB without requiring 

pa as an input variable. 
       Cutting speeds were selected in such a way as to 
correspond to the same approximate tool life in each cut 
(shown on Fig. 3). VB was measured after carrying out each 
sequence. The value for fF  and cF were measured by a single 
cut using a Kistlter 9263 dynamometer during 5-s intervals 
while the cut was executed. Recent research has attempted to 
investigate the application of multiple sensors with 
complementing characteristics to provide a robust estimate of 
tool wear condition. Since the inserts used in the experiments 
had a soft, cobalt-enriched layer of the substrate under the 
coating, their tool life had a tendency to end suddenly after 
this coating wore through.

The experiments were carried out until a tool failure 
occurred. Two experiments were carried out until a tool failure 
occurred. In the first tests (designated W5) 10 cycles were 
performed until a sudden rise of the flank wear VB occurred, 
reaching approximately 0.5 mm. In the second test (designated 
W7) failure of the coating resulted in chipping of the cutting 
edge at the end of 9th cycle. W5 was devised for TSK fuzzy 
rule identification, while W7 was used to verify the 
performance of the different monitoring system. Figure 4 
presents the cutting force components cF  and fF versus VB
obtained in the experiments. Apparently, cF is weakly 
dependent of on VB. It is a function of the cutting parameters 
only. On the other hand, fF is independent of f , being 
affected only by 

pa and  VB. This provides an interesting 
opportunity to estimate the tool wear without requiring 
information about 

pa .

Fig. 4 Cutting force components vs. tool wear obtained in tests W5 and W7 

B. TSK fuzzy approach 

As mentioned, the type-2 FLS is extended from its type-1 
counterpart. First, type-1 TSK fuzzy approach using the 
diagram shown in Fig. 2 is used to treat the information from 

sensors. The results and detailed steps can be found in [4]. The 
9-rule fuzzy model is shown in TABLE 1. From Fig. 5 and 
TABLE 2, it is observed that the type-1 TSK fuzzy approach 
has the lowest root-mean-square-error (RMSE) and the 
smallest maximum error (MAX) comparing with other 
artificial intelligent methods: Mamdani FL, neural network 
(NN), neural network based fuzzy system (NF).  

Fig. 5 Tool wear monitoring using different artificial intelligent methods: 
Mamdani FL, neural network (NN), neural network based fuzzy system (NF) 

and TSK fuzzy approach.  

TABLE 2 
Summary of root-mean-square-error (rmse) and maximum error (max) from 

the experimental results with different AI methods 

AI method Learning (W5) Testing (W7) 

RMSE 
(mm)

MAX 
(mm)

RMSE 
(mm)

MAX 
(mm)

Neural Network 0.015 0.036 0.029 0.081 
Mamdani FL 0.024 0.068 0.034 0.056 

NF 0.014 0.030 0.030 0.081 
TSK FL 0.006 0.003 0.009 0.014 

The next step is expanding the type-1 fuzzy filtering 
system to a type-2 fuzzy filtering system. The type-2 fuzzy 
system is extended directly from its type-1 counterpart by 
searching the optimal spreading percentages for cluster center 
and consequent parameters by comparing RMSE. The 
spreading percentage for clusters is confined to the range [1%; 
20%] with a step size of 1%. The spreading percentage for the 
consequent parameters is considered in the range [0.1%; 2%] 
with a step size of 0.1%. A 9-rule 3-input 1-output type-2 
fuzzy system with least RMSE is obtained by extending 11% 
to each cluster centre ( k

ja =11%) and spreading the consequent 

parameters 1% ( k
jb =1%).  Figure 6 and Fig. 7 are training 

results and test results from the mentioned the experiments. 
The dotted curve and dashed curve indict the upper and lower 
output of the type-2 fuzzy approach. The gap between them 
indicts the uncertainty associated with the system.  
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TABLE 1 9-rule type-1 fuzzy system

rule If x then 
032211 pxpxpxpy x +++=

1
If  −−=

2

2 0265.0
47.0

25.0
4exp fAf , −

−=
2

2 0265.0
1397

25.0
4exp c

F
F

A
c

and  −
−=

2

2 0265.0
389

25.0
4exp f

F

F
A

f
,
    

then 55 1044.145.313.01093.2 ×−+−×= fc FFfVB

2
If −−=

2

2 0265.0
47.0

25.0
4exp fAf ,

−
−=

2

2 0265.0
1413

25.0
4exp c

F
F

A
c

and  
−

−=
2

2 0265.0
431

25.0
4exp f

F

F
A

f
,

then 333 1021.334.01005.71014.6 ×+−×−×−= −
fc FFfVB

3
If −−=

2

2 0265.0
33.0

25.0
4exp fAf ,

−
−=

2

2 0265.0
1044

25.0
4exp c

F
F

A
c

and 
−

−=
2

2 0265.0
405

25.0
4exp f

F

F
A

f ,

then 85.51051.41064.0432.8 34 +×−×−= −−
fc FFfVB

4
If −−=

2

2 0265.0
47.0

25.0
4exp fAf ,

−
−=

2

2 0265.0
1395

25.0
4exp c

F
F

A
c

and 
−

−=
2

2 0265.0
372

25.0
4exp f

F

F
A

f ,

then 55 1080.257.434.01090.5 ×++−×−= fc FFfVB

5
If −−=

2

2 0265.0
33.0

25.0
4exp fAf ,

−
−=

2

2 0265.0
1070

25.0
4exp c

F
F

A
c

and 
−

−=
2

2 0265.0
365

25.0
4exp f

F

F
A

f ,

then 07.221005.11032.167.10 32 +×−×+−= −−
fc FFfVB

6
If −−=

2

2 0265.0
33.0

25.0
4exp fAf , −

−=
2

2 0265.0
1112

25.0
4exp c

F
F

A
c

and 
−

−=
2

2 0265.0
423

25.0
4exp f

F

F
A

f ,

then 90.41061.21034.162.0 33 +×+×−= −−
fc FFfVB

7
If −−=

2

2 0265.0
47.0

25.0
4exp fAf ,

−
−=

2

2 0265.0
1332

25.0
4exp c

F
F

A
c

and 
−

−=
2

2 0265.0
347

25.0
4exp f

F

F
A

f ,

then 525 1038.518.01043.11014.1 ×−−×−×= −
fc FFfVB

8
If −−=

2

2 0265.0
33.0

25.0
4exp fAf ,

−
−=

2

2 0265.0
1032

25.0
4exp c

F
F

A
c

and 
−

−=
2

2 0265.0
334

25.0
4exp f

F

F
A

f ,

then 20.11030.11014.141.2 23 +×+×−= −−
fc FFfVB

9
If  −−=

2

2 0265.0
47.0

25.0
4exp fAf ,

−
−=

2

2 0265.0
1455

25.0
4exp c

F
F

A
c

and 
−

−=
2

2 0265.0
508

25.0
4exp f

F

F
A

f ,

then 344 1050.21028.31009.919.7 −−− ×+×−×−= fc FFfVB

Fig. 6 Training results from type-2 fuzzy system (w5) Fig. 7 testing results from type-2 fuzzy system (w7) 
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From Fig.6 and Fig. 7, it is observed that average output 
of type-2 fuzzy approach is close to the output of type-1 
approach. The maximum difference between estimated tool 
wear values from type-2 fuzzy approach and its type-1 
counterpart is 0.000156mm. It is clear that there are big 
uncertainty intervals corresponding to some cutting instant. 
The maximum uncertainty is 0.479885mm, the minimum is 
0.000744mm.   

The source of the uncertainties can be considered mainly 
from sudden changes of cutting parameters, discontinuous 
input-output data sets and manual measurements. In the 
experimentation, there were six sets of cutting parameters used 
from Fig. 3, 10 cycles performed for learning experiment w5 
and 9 cycles performed for testing experiment w7. Instead of 
the cutting forces being recorded by the instrument, the tool 
wears were manually measured after each cycle. To do that the 
machine had to be stopped and restarted after each pause. 
Also, there are different levels of uncertainty in the result that 
could be caused by thermal deformation during machining, 
dynamic deformation of the workpiece, charter vibration, 
condition of the chips [17, 18], dynamic deformation of the 
machine elements, structure vibration of the machine-tool 
[19], thermal deformation of the tool [20], sensitivity of the 
sensors and dimension measurement, etc. In order to reduce 
get better result, more accurate continuous experimental data 
sets are required. 

From this experimentation, type-2 TSK approach has the 
capability to model the system matching the estimation of 
average cutting tool wear and the directly measured wear 
value. And it is clear that, comparing Fig.5 and Fig.7, type-2 
fuzzy approach has an outstanding advantage that it is the only 
artificial intelligent method which can capture the uncertainty 
during the machining process and estimate the errors of 
approximation during tool wear monitoring 

VI. CONCLUSION

This paper present an innovative tool wear monitoring 
method using type-2 TSK fuzzy approach based on subtractive 
method to accomplish the integration of multi-sensor 
information and tool wear information. It generates fuzzy rules 
directly from the input-output data acquired from sensors, and 
provides high accuracy and high reliability of the tool wear 
prediction over a wide range of cutting conditions. Also, its 
interval set of output assesses the information of uncertainty in 
the estimation of tool wear condition, which could be of a 
great value to a decision maker and be used to investigate the 
complicated tool wear condition during machining process. 

The application of type-2 fuzzy logic on uncertainty 
prediction in machining has great meaning for continuous 
improvement in product quality, reliability and manufacturing 
efficiency in machining industry. 

Acknowledgement 

The data for the experimental study described in this paper 
was collected by Dr. Krzysztof Jemielniak, a professor at 

faculty of production engineering, Warsaw University of 
Technology, Poland. 

REFERENCES

[1] El Gomayel, J. I. and K. D. Bregger, "On-line Tool", Trans. of ASME. 
Journal of Engineering in Industry, vol.108, no.1, pp. 4447, 1988 

[2] M. Balazinski, M. Bellerose and E. Czogala, “Application of fuzzy logic 
techniques to the selection of cutting parameters in machining 
processes”, Fuzzy Sets and Systems, vol. 61, pp.301–317, 1994 

[3] M. Balazinski, E. Czogalab, K.  Jemielniak and J. Leski, “Tool condition 
monitoring using artificial intelligence methods”, Engineering 
Applications of Artificial Intelligence, vol. 15, pp. 73–80, 2002 

[4] Q. Ren, M. Balazinski, L. Baron and K. Jemielniak, “Tool condition 
monitoring using the TSK fuzzy approach based on subtractive 
clustering method”, Lecture Notes in Computer Science (including 
subseries Lecture Notes in Artificial Intelligence and Lecture Notes in 
Bioinformatics), v 5027 LNAI, New Frontiers in Applied Artificial 
Intelligence, pp. 52-61, Springer Berlin, 2008 

[5] Q. Ren, L. Baron and M. Balazinski, “Type-2 Takagi-Sugeno-Kang 
Fuzzy Logic Modeling using Subtractive Clustering”, NAFIPS'06, June 
3-6, 2006, Montreal, Canada 

[6] S. L. Chiu, “Fuzzy Model Identification Based on Cluster Estimation”, 
Journal on Intelligent Fuzzy Systems, vol. 2, pp.267–278, 1994 

[7] L. A. Zadeh, “Fuzzy Sets”, Information and Control, vol. 8, pp.338-353, 
1965 

[8] L. A. Zadeh, “Fuzzy Algorithm”, Information and Control, vol.12, pp. 
94-102, 1968 

[9] L. A. Zadeh, “Outline of A New Approach to the Analysis of Complex 
Systems and Decision Processes”, IEEE Transaction on Systems, Man, 
and Cybernetics, vol. 3, pp. 28-44, 1973 

[10] T. Takagi and M. Sugeno,  “Fuzzy Identification of Systems and Its 
Applications to Modelling and Control” , IEEE Transaction on Systems, 
Man, and Cybernetics, vol. 15, no. 1,  pp. 116-132, Jan/Feb 1985. 

[11] M. Sugeno and G. Kang, “Structure Identification of Fuzzy Model”, 
Fuzzy Sets and Systems, vol. 28, no. 1, pp. 15-33, 1988 

[12] L. X Wang and J. M. Mendel, “Fuzzy basis functions, universal 
approximation, and orthogonal least squares learning”, IEEE 
Transaction on Neural Networks, vol. 3, pp. 807-813, 1992 

[13] L. A. Zadeh, “The Conception of a Linguistic Variable and Its 
Application in Approximate Reasoning – I", Information Science, vol. 8, 
pp.199-249, 1975 

[14] J. M. Mendel, “Uncertain Rule-Based Fuzzy logic Systems – 
Introduction on New Directions”, prentice hall PTR, upper saddle river, 
NJ, 2001 

[15] Q. Liang and J. M. Mendel, “An Introduction to Type-2 TSK Fuzzy 
Logic Systems”, 1999 IEEE International Fuzzy Systems Conference 
Processing, August 22-25, 1999, Seoul, Korea 

[16] Q. Ren, L. Baron and M. Balazinski, “Sensibility analysis for type-2 
TSK FLS and its type-1 counterpart”, IASTED International Conference 
on Modelling and Simulation (MS 2007), 2007, Montreal, Canada 

[17] M. Shiraishi, “Scope of In-Process Measurement, Monitoring and 
Control Techniques in Machining Processes-Parts1: In-Process 
Techniques for Tools”, Precision Engineering, vol. 11, no.1, pp. 37-47, 
1989 

[18] M. Shiraishi, “Scope of In-Process Measurement, Monitoring and 
Control Techniques in Machining Processes-Parts1: In-Process 
Techniques for Workpieces”, Precision Engineering, vol. 11, no.1, pp. 
49-59, 1989 

[19] P. M. Ferreira and C.R. Liu, “An Analytical Quadratic Model for the 
Geometric Error of a Machine Tool”, Journal of Manufacturing Systems,
vol. 5, no. 1, pp. 51-63, 1986 

[20] S. Li and M. A. Elbestawi, “Tool Condition Monitoring in Machining by 
Fuzzy Neural Networks” ASME, Journal of Dynamic Systems,
Measurement, and Control, vol. 118, pp. 665-672, 1996 

671



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Recommended"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


