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Abstract—This paper presents a part of the results obtained
by the Process Control group of the Politehnica University of
Timisoara, Romania, in the field of evolving Takagi-Sugeno-
Kang fuzzy models. These results concern the development of
Takagi-Sugeno-Kang fuzzy models by incremental online
algorithms for the description of the dynamics or static behavior
of three technical and non-technical system applications, namely
magnetic levitation systems, Anti-lock Braking Systems and
automated translation.

Index Terms—Anti-lock Braking Systems; automated
translation; evolving Takagi-Sugeno-Kang fuzzy models;
magnetic levitation systems.

I. INTRODUCTION

THE specific feature of evolving Takagi-Sugeno-Kang
fuzzy models is obtaining the rules in the rule bases of these
fuzzy systems by a learning process, i.e., by continuous online
rule base learning as shown in the representative papers [1]—-
[10]. The Takagi-Sugeno-Kang fuzzy models are obtained by
evolving the model structure and parameters making use of
online identification algorithms. The so-called adding
mechanism plays an important role in online identification
algorithms because it adds new local models or removes them,
thus ensuring the evolving structure and parameters.

A very useful classification of online identification
algorithms that compute evolving Takagi-Sugeno-Kang fuzzy
models is given in [11]. This classification highlights three
categories of online identification algorithms, namely I, IT and
111, which are briefly outlined as follows by means of their
specific features.

The category I of adaptive algorithms starts with the initial
structure of the Takagi-Sugeno-Kang fuzzy model, given by
other algorithms or by the experience of the specialist in the
modeling or operation of the nonlinear dynamic system that is
modeled. The number of space partitions/clusters does not
change over time, and these algorithms adapt just the
parameters of the membership functions and the local models.
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The category II is represented by the incremental
algorithms. Some representative examples of incremental
algorithms are RAN [12], [13], SONFIN [14], [15],
NeuroFAST [16], [17], DENFIS [18], [19], SCFNN [20],
[21], TS [22], [23], FLEXFIS [24], [25], and PANFIS [26].
They implement just adding mechanisms.

The category III consists of evolving algorithms. Besides
the adding mechanism, these algorithms also implement
removing and a part of these algorithms merging and splitting
mechanisms.

This paper is built on the basis of the recent results obtained
by the Process Control group of the Politehnica University of
Timisoara, Romania, in the development of evolving Takagi-
Sugeno-Kang fuzzy models obtained by incremental
algorithms (the category II described above). The paper is the
continuation of the paper [27], which offers real-world
applications of evolving Takagi-Sugeno-Kang fuzzy models
that describe the dynamics of nonlinear systems in crane
systems [28], [29], pendulum systems [30], [31], prosthetic
hand fingers [32] and twin rotor aerodynamic systems [33].
This paper applies incremental online identification
algorithms to develop evolving Takagi-Sugeno-Kang fuzzy
models for other technical and non-technical system
applications in order to describe their dynamics or static
behavior: the position of the magnetic sphere in laboratory
magnetic levitation systems [34], the longitudinal slip in
laboratory Anti-lock Braking Systems (ABSs) [35], and the
overall paragraph score in automated translation [36].

The evolving fuzzy models treated in this paper are
important because they can be next used in control. Relevant
process and control applications are presented in [37]-[44],
with crisp and fuzzy models [45]-[50], and the online
identification algorithms must be adapted accordingly.

This paper treats the following topics: an overview on
incremental online identification algorithms is presented in
Section II. Useful implementation details and results on the
three evolving fuzzy model applications are offered in Section
III. The conclusions are pointed out in Section IV.

II. INCREMENTAL ONLINE IDENTIFICATION ALGORITHMS

The classical version of the incremental online
identification algorithm is implemented using the theoretical
aspects described in [27] and [33] in terms of the software
support of eFS Lab presented in [51] and [52]. The flowchart
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of the basic version of incremental online identification
algorithm is presented in Fig. 1, where TSK stands for
Takagi-Sugeno-Kang. This algorithm consists of seven steps
described as follows; they are also presented in [27] and [33].

Step 1. Initialize rule base
structure and input vanables

——

Step 2. Increment k
and read next data sample

Step 3. Update potential of new
data sample and rules’ centers

Step 4. Eventually modify or
upgrade rule base structure

Step 3. Update parameters in
mile base consequents

v

Step §. Predict output of
TSE fuzzry model

Fig. 1. Flowchart of classical version of incremental online identification
algorithm [27].

Step 1. The rule base structure is initialized by setting all
parameters of rule antecedents such that to initially contain
just one rule, namely », =1, where 5, is the number of rules.

The subtractive clustering is next applied to compute the
parameters of the evolving Takagi-Sugeno-Kang fuzzy
models using the first data point p,, with the general

expression [22] of the data point p in the input-output data set
at the discrete time step &, with the notation p, :

n+l

p. =lpy pipi"1 p=[2" »T 1
=[Zl Zz -~-Z,, y]T =[p1 p2 pn pn+1]T 1= EK;HI’

where 7 stands for matrix transposition.
The expression of the input-output data set is:

P, |k=1.D}cR"™, 2)

and D is the number of input-output data points or data points
or data samples or samples.

The rule base of Takagi-Sugeno-Kang fuzzy models with
affine rule consequents, also called first-order Sugeno fuzzy
inference systems in some software programs and toolboxes
implementations, is:

Rule i:IFz, ISLT, AND...ANDz, ISLT,, 3)

THENy, =a,, +a,z +..+a,,z,,i=1..n,,

in“n?

where z, J =1...n, are the input variables, » is the number of
input variables, LT, i= l.ng,, j=1.n, are the input linguistic

terms, y is the output of the local model in the rule

consequent of the rule with the index i,i=1..n,, and

a,,i=1.n,,[=0..n, are the parameters in the rule

consequents.

The Takagi-Sugeno-Kang fuzzy model structure considered
in this paper includes the algebraic product t-norm as an AND
operator and the weighted average defuzzification method.
This leads to the expression of the output y of the Takagi-
Sugeno-Kang fuzzy model:

y={zRTfyf:|/|:zRTf:|=zR7"fyn v = ZT]n[s
i=1 = =l
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where the firing degree of the rule i and the normalized firing
degree of the rule i are t1,(z) and },, respectively, and the

parameter vector of the rule i is @ ,i =1...n,,. The expression

of the firing degree is:

T,(z) = AND(W, (z,),1,,(2,),...1;,(2,)) 5)
=W,(2) Wpp(2,) oWy, (2,), i=1ng,

and the expression of the parameter vector is:
a1, i=1..n,. (6)

The other parameters specific to the incremental online
identification algorithm are initialized as follows using [22]:

6, =[(x)), (x;),.(x,),]" =[00..0]", ™

ng

C,=QL 7 =04, k=1 n,=112 =z, P(p,) =1,

where C, e R is the fuzzy covariance matrix
related to the clusters, I is the »,(n+1)" order identity
Q =const,Q >0,

estimation of the parameter vector in the rule consequents at
the discrete time step &, and 7, r, >0, is the spread of all

matrix, is a large number, ék is an

Gaussian input membership functions W, i=ling, j=1.n,

of the fuzzy sets of the input linguistic terms LT,:

u,j(zj.)=exp[—(4/fg,2)(zj—z:j)z], i=l.ng, j=1l.n, (8

z:j,i= l..n,, j=1..n, are the membership function centers,
p, in (7) is the first cluster center, z; is the center of the rule
1 and also the projection of p; on the axis z in terms of (1),

and P,(p;) is the potential of p, .



Other membership functions will lead to different results
and will require the modification of the next steps of the
algorithm. However, the membership functions given in (8)
are differentiable and make these models applicable to data-
driven fuzzy control.

Step 2. The data sample index k is incremented to & +1,
and the next data sample p, that belongs to the input-output

data set defined in (2) is read.
Step 3. The potential of each new data sample P, (p,) and

the potentials of the centers P, (p,) of existing rules (clusters)

with the index / are recursively updated:

B(p) =k =D/[(k=D)(® +D+0, —2v,],
n+l n+l k-1 n+l J—!
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Step 4. The possible modification or upgrade of the rule
base structure is carried out by means of the potential of the
new data compared to the potential of the existing rules’
centers. The rule base structure is modified if certain
conditions mentioned in [22] and [27]-[36] are fulfilled.

Step 5. The parameters in the rule consequents are updated
using either the Recursive Least Squares (RLS) algorithm or
the weighted Recursive Least Squares (WRLS) algorithm.
These updates result in the updated vectors f)k and C L

k=2.D.
Step 6. The output of the evolving Takagi-Sugeno-Kang
fuzzy model at the next discrete time step k +1 is predicted as

Vi

Vi :wzék7 (10)
where the general expression of (10) and the expressions of
the vectors are:
T 1T
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Step 7. The algorithm continues with the step 2 until all
data points of the input-output data set presented in (2) are
read.

The incremental online identification algorithm described
in this section has been modified in [30] and [31] by adding
and an input selection algorithm and a Gravitational Search
Algorithm to replace RLS or wRLS in step 5 by updating the
rule consequents. Other optimization algorithms can be used
as well, with some classical and nature-inspired examples
presented in [53]-[66].

Using the notation y,  for the output of the Takagi-Sugeno-

Kang fuzzy models, the general expression of these models

evolved by the incremental online identification algorithm
presented in this section is:

v = f(zy), (12)

where f is the nonlinear input-output map of the Takagi-
Sugeno-Kang fuzzy models.

III. TECHNICAL AND NON-TECHNICAL APPLICATIONS

A. Magnetic Levitation Systems

The incremental online identification algorithm presented
in the previous section has been applied to derive evolving
Takagi-Sugeno-Kang fuzzy models of the sphere position in
magnetic levitation system laboratory equipment. The
experimental setup is illustrated in Fig. 2.

Fig. 2. Stabilized magnetic levitation system (experimental setup in the
Intelligent Control Systems Laboratory of the Politehnica University of
Timisoara, Romania) [34].

The laboratory equipment includes two electromagnets, the
ferromagnetic sphere, the sensors to detect the position of the
sphere, the computer interface, the drivers, the power supply
unit, the connection cables, the acquisition board, and
appropriate software support. If both electromagnets are used,
the control signal applied to the lower electromagnet can be
used as an additional force but it can also be used as a
disturbance input. The main notations for this experimental
setup are [34]: u (V) — the control signal applied to the upper

electromagnet, x =[x x, x3]T — the state vector with the
components x, (m) — the sphere position, x, (m/s) — the
sphere speed, x, (A) — the current in the upper electromagnet,
and y = x, (m) — the process output and also the output of the

evolving Takagi-Sugeno-Kang fuzzy models.

The laboratory equipment is a nonlinear unstable system.
Linearizing the process model at seven operating points, the
process is next stabilized using a state-feedback control
system as shown in Fig. 2, where BC-x is the state-feedback
compensator, and y is the output of the block BC-x,

obtained as a linear combination of the state variables. The
notation x is used for the reference input of the stabilized
state-feedback control system for which Takagi-Sugeno-Kang
fuzzy models are evolved and derived, and also as an input
variable to the evolving Takagi-Sugeno-Kang fuzzy models
that are exemplified as follows.

Setting the sampling period to 0.5-107 s, the values of u
have been generated in order to cover different ranges of



magnitudes and frequencies, and the output y has been

measured from the equipment. The evolution of the system
input versus time is presented in Fig. 3, which includes the
input data for both training and validation (testing). The past
input and output values have been obtained by shifting the
training and validation data samples.

T Control signal (system input) u for training data

3 4 5 6 T 8 9 10
Time (s)

w10® Control signal (system input) u for validation data

75

65F

65 L
0 1 2 3 4

Time (s)
Fig. 3. System inputs of magnetic levitation system versus time: training data
and validation (testing) data [34].

The input signal shown in Fig. 3 has been applied to the
laboratory equipment to generate the input-output data points
(z,,y,), k=1..D. Fig. 3 illustrates the inputs that correspond

to the set of D =20000 data points of the training data and
the inputs of the other set of D =20000 data points of the
testing data. The output values will be next illustrated.

The value of the parameter Q in the step 1 has been set to
Q=10000. The dynamics is introduced in the evolving
Takagi-Sugeno-Kang fuzzy models by inserting several past
values of the input and/or output. The parameters in the rule
consequents have been updated in the step 5 of the algorithm
described in Section II using either RLS or wRLS.

The results presented in [34] show that the best
performance as far as the root mean square error (RMSE) on
the validation data is obtained by the Takagi-Sugeno-Kang
fuzzy model with the input vector:

(13)

z, =[u, yk—l]T

with RLS applied in the step 5. A sample of real-time
experimental results is shown in Fig. 4 as the time responses
of y versus time of this fuzzy model 4 and the real-world

system.

This fuzzy model has evolved to 7 rules and has 49
parameters. The results show that a reduced number of model
inputs is needed for this process in order to have acceptable
model performance expressed, for example, in terms of
RMSE.
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Fig. 4. (a) Sphere position y versus time of Takagi-Sugeno-Kang fuzzy
model (red) and real-world system (blue) on the validation (testing) data set,
(b) zoomed plots of sphere position versus time [34].

B. Anti-lock Braking Systems

The continuous-time nonlinear state-space model of the
ABS process is derived starting with [35], [67]:

J X, =Frl(M) —dx, =M, - M,
JyXy ==F,n,u(\)—d,x, = M),
M, =, (b(u)-M,),

(14)

where A is the longitudinal slip, J, and J, are the inertia

moments of wheels illustrated in Fig. 5, x, and x, are the



angular velocities, ¢, and d, are the friction coefficients in
the axes of the wheels, M,, and M, are the static friction
torques that oppose the normal rotation, A, is the brake
torque, , and y, are the radii of wheels, F, is the normal
force that the upper wheel pushes upon the lower wheel, u(d)
is the friction coefficient, x and x, are the angular

accelerations of the wheels, u is the control signal applied to
the actuator, namely the direct current (DC) motor which
drives the upper wheel, and the actuator’s nonlinear model is
reflected in the nonlinear map b(u).

Fig. 5. ABS experimental setup in the Intelligent Control Systems Laboratory
of the Politehnica University of Timisoara, Romania [67].

The longitudinal slip A is defined as:

A= (ryx, —1x,)/(1,x,), x, #0, (15)
the controlled output of the ABS process is A in the context
of longitudinal slip control, and the notation yp=2 is

employed in this sub-section for the sake of model
development.

Setting the sampling period to 0.01s, several values of u
have been generated in order to cover different ranges of
magnitudes and frequencies. The output y =3 has been

measured from the ABS equipment. The evolution of the
system input versus time is presented in Fig. 6, which includes
the input data for both training and validation (testing).

The input signal illustrated in Fig. 6 has been applied to the
laboratory equipment to generate the input-output data points
(z,,¥,), k=1..D, needed to be applied to the algorithm. Fig.

6 outlines the inputs that correspond to the set of D =240
data points of the training data and the inputs of the other set
of D =60 data points of the testing data. The output values
computed by the Takagi-Sugeno-Kang fuzzy models and
measured from the equipment will be presented as follows.

A part of the real-time experimental results is exemplified
in Fig. 6 as the time responses of y versus time of the Takagi-

Sugeno-Kang fuzzy model with the input vector

(16)

T
z, =[u, uy Yy Yol

with wRLS applied in the step 5 of the incremental online
identification algorithm, and the real-world ABS.

Model output (red) vs. real output (blue) for validation data
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Fig. 6. (a) Longitudinal slip position y=A versus time of Takagi-Sugeno-Kang
fuzzy model (red) and real-world ABS (blue) on the validation (testing) data
set [67].

This fuzzy model has evolved to 9 rules and has 117
identified parameters. The performance is acceptable, it can
be improved but this is constrained by the number of data
samples considered for this process, which is rather small.

C. Automated Translation Systems

The problem considered in automated translation systems is
defined as follows in terms of [36]: the text T1 in English will
be translated into French with the help of an online translation
memory software application. Google Translate and Systran
have been used as representative online translation memory
software applications in [26]. The translation leads to the text
T2 in French. The text T2 is next introduced in the same
application; it is translated into English leading to the result
T3. T2 is compared T1 to T3 resulting in the degree of
concordance between them by means of a statistical test.
Fuzzy models have been evolved, which give the Overall
Paragraph Score (OPS) viewed as the Takagi-Sugeno-Kang
fuzzy model output, namely y =OPS,, using n=7

categories of primary errors as input variables. The general
expression of the input vector to the Takagi-Sugeno-Kang
fuzzy models is:

z, =[WT, SE, OM, SA, SP, PE, ME,]", (17)
where: WT — Wrong Term, SE — Syntactic Error, OM —
Omission, SA — Word Structure and Agreement error, SP —
MisSPelling, PE — Punctuation Error, and ME -
Miscellaneous Error. The weights of these seven categories of
primary errors categorized as serious errors/minor errors are
given in [68].

The system inputs are presented in Fig. 7, which illustrates
the input data for both training and validation (testing). The
real system output is the actual value of OPS obtained by the
application of Google Translate or Systran in the translation
from English to French, which has been investigated in [36].
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On of the evolved Takagi-Sugeno-Kang fuzzy models, which
corresponds to Google Translate using wRLS in the step 5 of the
algorithm given in the previous sections, has evolved to n, =6
rules, and it consists of 132 parameters. The outputs of this
fuzzy model and of the real system output are illustrated in Fig. 8
for validation (testing) data, and the results are encouraging.

Model output (red) vs. real output (blue) for validation data
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Fig. 8. System output (OPS) versus data sample of evolving Takagi-Sugeno-
Kang fuzzy model and real system for validation (testing) data [36].

IV. CONCLUSION

This paper has presented some results obtained by the

Process Control group of the Politehnica University of
Timisoara, Romania, in the application of evolving Takagi-
Sugeno-Kang fuzzy models to three nonlinear systems. Two
technical dynamical systems and one non-technical static
system have been modeled. An incremental online
identification algorithm organized in a cost-effective manner
has been applied to produce the Takagi-Sugeno-Kang fuzzy
models.

The performance of the Takagi-Sugeno-Kang fuzzy
models, expressed as system responses and assessed by
RMSE, is encouraging. But the performance is affected by the
parameters of the incremental online identification algorithm,
which leads to parametric sensitivity and eventually
robustness problems.

Future research will be focused on the application of the
Takagi-Sugeno-Kang fuzzy models to control these processes.
This should be combined with the proper definition of the
control goals.

ACKNOWLEDGMENT

This work was supported by grants of the Partnerships in
priority areas — PN II program of the Romanian Ministry of
National Education and Scientific Research — the Executive
Agency for Higher Education, Research, Development and
Innovation Funding (UEFISCDI), project numbers PN-II-PT-
PCCA-2013-4-0544 and PN-II-PT-PCCA-2013-4-0070, and
UEFISCDI, project number PN-II-RU-TE-2014-4-0207. The
support of Dr. Alina Tenescu, University of Craiova,
Romania, and Assoc. Prof. Nicusor Minculete, Transilvania
University of Brasov, Romania, in the preparation of the
datasets needed to the development and experimental
validation of the evolving Takagi-Sugeno-Kang fuzzy models
specific to the non-technical application.

REFERENCES

[1] P. Angelov, Evolving Rule based Models: A Tool for Design of Flexible
Adaptive Systems. Berlin, Heidelberg: Springer-Verlag, 2002.

[2] M. Sayed Mouchaweh, A. Devillez, G. Villermain Lecolier, and P.
Billaudel, “Incremental learning in fuzzy pattern matching,” Fuzzy Sets
Syst., vol. 132, no. 1, 49-62, Nov. 2002.

[3] P.X. Liu and M. Q.-H. Meng, “Online data-driven fuzzy clustering with
applications to real-time robotic tracking,” IEEE Trans. Fuzzy Syst., vol.
12, no. 4, pp. 516523, Aug. 2004.

[4] W. Wang and J. Vrbanek, Jr., “An evolving fuzzy predictor for
industrial applications”, IEEE Trans. Fuzzy Syst., vol. 16, no. 6, pp.
1439-1449, Dec. 2008.

[51 E. Lughofer, Evolving Fuzzy Systems - Methodologies, Advanced
Concepts and Applications. Berlin, Heidelberg: Springer-Verlag, 2011.

[6] D.Dovzan and I. Skrjanc, “Recursive clustering based on a Gustafson-
Kessel algorithm,” Evolving Syst., vol. 2, no. 1, pp. 15-24, Mar. 2011.

[7] E. Lughofer, “On-line assurance of interpretability criteria in evolving
fuzzy systems - achievements, new concepts and open issues,” Inform.
Sci., vol. 251, pp, 2246, Dec. 2013.

[8] R.-E. Precup, P. Angelov, B. S. J. Costa, and M. Sayed-Mouchaweh,
“An overview on fault diagnosis and nature-inspired optimal control of
industrial process applications,” Comput. Ind., vol. 74, pp. 75-94, Dec.
2015.

[9] D. Kangin, P. Angelov, and J. A. Iglesias, “Autonomously evolving
classifier TEDAClass,” Inform. Sci., vol. 366, pp. 1-11, Oct. 2016.

[10] C. Za’in, M. Pratama, E. Lughofer, and S. G. Anavatti, “Evolving type-
2 web news mining,” Appl. Soft Comput., vol. 54, pp. 200-220, May
2017.



(1]

[12]

[13]

[14]

[15]

[1e]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

D. Dovzan, V. Logar, and 1. Skrjanc, “Implementation of an evolving
Fuzzy Model (eFuMo) in a monitoring system for a waste-water
treatment process,” IEEE Trans. Fuzzy Syst., vol. 23, no. 5, pp. 1761-
1776, Oct. 2015.

J. Platt, “A resource allocating network for function interpolation,”
Neural Comput., vol. 3, no. 2, pp. 213-225, June 1991.

S. H. A. Ali, S. Ozawa, T. Ban, J. Nakazato, and J. Shimamura, “A
neural network model for detecting DDoS attacks using darknet traffic
features,” in Proc. 2016 International Joint Conference on Neural
Networks, Vancouver, BC, Canada, 2016, pp. 2979-2985.

C.-F. Juang and C.-T. Lin, “An on-line self-constructing neural fuzzy
inference network and its applications,” I[EEE Trans. Fuzzy Syst., vol. 6,
no. 1, pp. 12-32, Feb. 1998.

M. Prasad, C.-T. Lin, D.-L. Li, C.-T. Hong, W.-P. Ding, and J.-Y.
Chang, “Soft-boosted self-constructing neural fuzzy inference network,”
IEEE Trans. Syst., Man, Cybern., Syst., vol. 47, no. 3, pp. 584-588,
Mar. 2017.

S. G. Tzafestas and K. C. Zikidis, “NeuroFAST: On-line neuro-fuzzy
ART-based structure and parameter learning TSK model,” IEEE Trans.
Syst., Man, Cybern. B, Cybern., vol. 31, no. 5, pp. 797-802, Oct. 2001.
S. G. Tzafestas and K. C. Zikidis, “NeuroFAST: high accuracy neuro-
fuzzy modeling,” in Proc. 2002 IEEE International Conference on
Artificial Intelligence Systems, Geelong, Australia, 2002, pp. 228-235.
N. K. Kasabov and Q. Song, “DENFIS: Dynamic Evolving Neural-
Fuzzy Inference System and its application for time-series prediction,”
IEEE Trans. Fuzzy Syst., vol. 10, no. 2, pp. 144-154, Apr. 2002.

L. S. Riza, C. Bergmeir, F. Herrera, and J. M. Benitez, “Learning from
data using the R package “FRBS”,” in Proc. 2014 IEEE International
Conference on Fuzzy Systems, Beijing, China, 2014, pp. 2149-2155.
F.-J. Lin, C.-H. Lin, and P.-H. Shen, “Self-constructing fuzzy neural
network speed controller for permanent-magnet synchronous motor
drive,” IEEE Trans. Fuzzy Syst., vol. 9, no. 5, pp, 751-759, Aug. 2002.
N. Wang and M. J. Er, “Self-constructing adaptive robust fuzzy neural
tracking control of surface vehicles with uncertainties and unknown
disturbances,” I[EEE Trans. Control Syst. Technol., vol. 23, no. 3, pp.
991-1002, May 2015.

P. Angelov and D. Filev, “An approach to online identification of
Takagi-Sugeno fuzzy models,” [EEE Trans. Syst, Man, Cybern. B,
Cybern., vol. 34, no. 1, pp. 484—498, Feb. 2004.

M. Moshtaghi, J. C. Bezdek, C. Leckie, S. Karunasekera, and M.
Palaniswami, “Evolving fuzzy rules for anomaly detection in data
streams,” IEEE Trans. Fuzzy Syst., vol. 23, no. 3, pp. 688-700, June
2015.

E. Lughofer and E. P. Klement, “FLEXFIS: A variant for incremental
learning of Takagi-Sugeno fuzzy systems,” in Proc. 14" IEEE
International Conference on Fuzzy Systems, Reno, NV, USA, 2005, pp.
915-920.

B.-K. Xie and S.-J. Lee, “A modified scheme for all-pairs evolving
fuzzy classifiers,” in Proc. 2014 International Conference on Machine
Learning and Cybernetics, Lanzhou, China, 2014, vol. 2, pp. 573-578.
M. Pratama, S. G. Anavatti, P. Angelov, and E. Lughofer, “PANFIS: A
novel incremental learning machine,” /EEE Trans. Neural Netw. Learn.
Syst., vol. 25, no. 1, 55-68, Jan. 2014.

R.-E. Precup, S. Preitl, C.-A. Bojan-Dragos, M.-B. Radac, A.-L
Szedlak-Stinean, E.-L. Hedrea, and R.-C. Roman, “Evolving Takagi-
Sugeno fuzzy modeling applications of incremental online identification
algorithms,” in Proc. XIII International SAUM Conference on Systems,
Automatic Control and Measurements, Ni$, Serbia, 2016, pp. 3—10.
R.-E. Precup, H.-1. Filip, M.-B. Radac, C. Pozna, C.-A. Dragos, and S.
Preitl, “Experimental results of evolving Takagi-Sugeno fuzzy models
for a nonlinear benchmark,” in Proc. 2012 IEEE 3 International
Conference on Cognitive Infocommunications, Kosice, Slovakia, 2012,
pp. 567-572.

R.-E. Precup, H.-I. Filip, M.-B. Radac, E. M. Petriu, S. Preitl, and C.-A.
Dragos, “Online identification of evolving Takagi-Sugeno-Kang fuzzy
models for crane systems,” Appl. Soft Comput., vol. 24, pp. 1155-1163,
Nov. 2014.

R.-E. Precup, E.-I. Voisan, E. M. Petriu, M.-B. Radac, and L.-O.
Fedorovici, “Implementation of evolving fuzzy models of a nonlinear
process,” in Proc. 12" International Conference on Informatics in
Control, Automation and Robotics, Colmar, France, 2015, vol. 1, pp. 5—
14.

R.-E. Precup, E.-I. Voisan, E. M. Petriu, M.-B. Radac, and L.-O.
Fedorovici, “Gravitational search algorithm-based evolving fuzzy

[32]

[33]

[34]

[33]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[43]

[46]

[47]

(48]

[49]

[50]

[51]

models of a nonlinear process,” in: Informatics in Control, Automation
and Robotics, J. Filipe, K. Madani, O. Gusikhin, and J. Sasiadek, Eds.
Cham: Springer International Publishing, Lecture Notes in Electrical
Engineering, vol. 383, pp. 51-62, 2016.

R.-E. Precup, T.-A. Teban, T. E. Alves de Oliveira, and E. M. Petriu,
“Evolving fuzzy models for myoelectric-based control of a prosthetic
hand,” in Proc. 2016 IEEE International Conference on Fuzzy Systems,
Vancouver, BC, Canada, 2016, pp. 72-77.

R.-E. Precup, M.-B. Radac, E. M. Petriu, R.-C. Roman, T.-A. Teban,
and A.-I. Szedlak-Stinean, “Evolving fuzzy models for the position
control of twin rotor aerodynamic systems,” in Proc. 2016 IEEE 14"
International Conference on Industrial Informatics, Poitiers, France,
2016, pp. 237-242.

R.-E. Precup, C.-A. Bojan-Dragos, E.-L. Hedrea, M.-D. Rarinca, and E.
M. Petriu, “Evolving fuzzy models for the position control of magnetic
levitation systems,” in Proc. 2017 IEEE Conference on Evolving and
Adaptive Intelligent Systems, Ljubljana, Slovenia, 2017, pp. 1-6.

R.-E. Precup, C.-A. Bojan-Dragos, E.-L. Hedrea, I._D. Borlea, and E.
M. Petriu, “Evolving fuzzy models for anti-lock braking systems,” in
Proc. 2017 IEEE International Conference on Computational
Intelligence and Virtual Environments for Measurement Systems and
Applications, Annecy, France, 2017, pp. 1-6.

A. Tenescu, R.-E. Precup, and N. Minculete, “Evolving fuzzy models
for automated translation,” Acta Polyt. Hung., vol. 14, no. 2, pp. 2746,
Apr. 2017.

S. Preitl and R.-E. Precup, “On the algorithmic design of a class of
control systems based on providing the symmetry of open-loop Bode
plots,” Scientific Bulletin of UPT, Transactions on Automatic Control
and Computer Science, vol. 41 (55), no. 2, pp. 47-55, Dec. 1996.

R.-E. Precup and S. Preitl, “Popov-type stability analysis method for
fuzzy control systems,” in Proc. Fifth European Congress on Intelligent
Technologies and Soft Computing, Aachen, Germany, 1997, vol. 2, pp.
1306-1310.

L gkrjanc, S. Blazi¢, and D. Matko, “Direct fuzzy model-reference
adaptive control,” Int. J. Intell. Syst., vol. 17, no. 10, pp. 943-963, Oct.
2002.

P. Baranyi, D. Tikk, Y. Yam, and R. J. Patton, “From differential
equations to PDC controller design via numerical transformation,”
Comput. Ind., vol. 51, no. 3, pp. 281-297, Aug. 2003.

K. Veszprémi and K. Lamdr, “Accuracy analysis of digitally
implemented field orientation of induction motor drive,” in Proc. 15"
International Conference on Electrical Drives and Power Electronics,
Podbanské, Slovakia, 2003, pp.497-502.

C. Milosavljevi¢, B. Peruni¢i¢-Drazenovi¢, B. Veseli¢, and D. Miti¢, “A
new design of servomechanism with digital sliding mode,” Electr. Eng.,
vol. 89, no. 3, pp. 233-244, Jan. 2007.

F. G. Filip, “Decision support and control for large-scale complex
systems,” Annual Rev. Control, vol. 32, no. 1, pp. 61-70, Apr. 2008.

D. Anti¢, M. Milojkovi¢, Z. Jovanovi¢, and S. Nikoli¢, “Optimal design
of the fuzzy sliding mode control for a DC servo drive,” Strojniski
vestnik — J. Mech. Eng., vol. 56, no. 7-8, pp. 455-463, Dec. 2010.

S. Nikoli¢, D. Anti¢, B. Dankovi¢, M. Milojkovié, Z. Jovanovi¢, and S.
Peri¢, “Orthogonal functions applied in antenna positioning,” Adv.
Electr. Comput. Eng., vol. 10, no. 4, pp. 35-42, Dec. 2010.

J. Vas¢ak and K. Hirota, “Integrated decision-making system for robot
soccer,” J. Adv. Comput. Intell. Intell. Informat., vol. 15, no. 2, pp. 156—
163, Mar. 2011.

J.-S. Chiou and S.-H. Tsai, “Stability and stabilization of Takagi-
Sugeno fuzzy switched system with time-delay,” Proc. Inst. Mech. Eng.,
Part I, J. Syst. Control Eng., vol. 226, no. 5, pp, 615-621, May 2012.
R.-E. Precup, M.-B. Radac, M. L. Tomescu, E. M. Petriu, and S. Preitl,
“Stable and convergent iterative feedback tuning of fuzzy controllers for
discrete-time SISO systems,” Expert Syst. Appl., vol. 40, no. 1, pp. 188—
199, Jan. 2013.

L. Horvath and L J. Rudas, “Active knowledge for the situation-driven
control of product definition,” Acta Polyt. Hung., vol. 10, no. 2, pp.
217-234, Apr. 2013.

C. Milosavljevi¢, B. Peruni¢i¢-Drazenovi¢, and B. Veseli¢, “Discrete-
time velocity servo system design using sliding mode control approach
with disturbance compensation,” /EEE Trans. Ind. Informat., vol. 9, no.
2, pp. 920-927, May 2013.

J. V. Ramos and A. Dourado, “On line interpretability by rule base
simplification and reduction,” in Proc. European Symposium on
Intelligent Technologies, Hybrid Systems and Their Implementation on



[52]

(53]

[54]

[55]

[56]

[57]

(58]

[59]

[60]

Smart Adaptive Systems EUNITE 2004, Aachen, Germany, 2004, pp. 1—
6.

L. Aires, J. Aratjo, and A. Dourado, “Industrial monitoring by evolving
fuzzy systems,” in Proc. Joint 2009 IFSA World Congress and 2009
EUSFLAT Conference, Lisbon, Portugal, 2009, pp. 1358-1363.

D. Martin, R. Del Toro, R. Haber, and J. Dorronsoro, “Optimal tuning
of a networked linear controller using a multi-objective genetic
algorithm and its application to one complex electromechanical
process,” Int. J. Innov. Comput. Informat. Control, vol. 5, no. 10 (B),
pp. 3405-3414, Oct. 2009.

R.-E. Precup, R.-C. David, E. M. Petriu, S. Preitl, and M.-B. Radac,
“Novel adaptive charged system search algorithm for optimal tuning of
fuzzy controllers,” Expert Syst. Appl., vol. 41, no. 4, pp. 1168-1175,
Mar. 2014.

R.-E. Precup, M.-C. Sabau, and E. M. Petriu, “Nature-inspired optimal
tuning of input membership functions of Takagi-Sugeno-Kang fuzzy
models for anti-lock braking systems,” Appl. Soft. Comput., vol. 27, pp.
575-589, Feb. 2015.

O. Arsene, 1. Dumitrache, and 1. Mihu, “Expert system for medicine
diagnosis using software agents,” Expert Syst. Appl., vol. 42, no. 4, pp.
1825-1834, Mar. 2015.

A. Moharam, M. A. El-Hosseini, and H. A. Ali, “Design of optimal PID
controller using NSGA-II algorithm and level diagram,” Stud. Informat.
Control, vol. 24, no. 3, pp. 301-308, Sep. 2015.

E. Osaba, E. Onieva, F. Dia, R. Carballedo, P. Lopez, and A. Perallos,
“A migration strategy for distributed evolutionary algorithms based on
stopping non-promising subpopulations: A case study on routing
problems,” Int. J. Artif. Intell., vol. 13, no. 2, pp. 46-56, Oct. 2015.

K. W. Derr and M. Manic, “Wireless sensor networks - node
localization for various industry problems,” IEEE Trans. Ind. Informat.,
vol. 11, no. 3, pp. 752-762, June 2015.

J. K. Tar, J. F. Bitd, and I. J. Rudas, “Contradiction resolution in the
adaptive control of underactuated mechanical systems evading the

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

framework of optimal controllers,” Acta Polyt. Hung., vol. 13, no. 1, pp.
97-121, Jan. 2016.

F. Gaxiola, P. Melin, F. Valdez, J. R. Castro, and O. Castillo,
“Optimization of type-2 fuzzy weights in backpropagation learning for
neural networks using GAs and PSO,” 4ppl. Soft Comput., vol. 38, pp.
860-871, Jan. 2016.

K. Michail, K. M. Deliparaschos, S. G. Tzafestas, and A. C. Zolotas,
“Al-based actuator/sensor fault detection with low computational cost
for industrial applications,” IEEE Trans. Control Syst. Technol., vol. 24,
no. 1, pp. 293-301, Jan. 2016.

S. B. Ghosn, F. Drouby, and H. M. Harmanani, “A parallel genetic
algorithm for the open-shop scheduling problem using deterministic and
random moves,” Int. J. Artif. Intell., vol. 14, no. 1, pp. 130-144, Mar.
2016.

Q. Qin, S. Cheng, Q. Zhang, L. Li, and Y. Shi, “Particle swarm
optimization with interswarm interactive learning strategy,” IEEE
Trans. Cybern., vol. 46, no. 10, pp. 2238-2251, Oct. 2016.

D. Azar, K. Fayad, and C. Daoud, “A combined ant colony optimization
and simulated annealing algorithm to assess stability and fault-
proneness of classes based on internal software quality attributes,” Int.
J. Artif. Intell., vol. 14, no. 2, pp. 137-156, Oct. 2016.

A. Fakharian and R. Rahmani, “An optimal controlling approach for
voltage regulation and frequency stabilization in islanded microgrid
system,” Control Eng. Appl. Informat., vol. 18, no. 4, pp.107-114, Dec.
2016.

R.-E. Precup, M.-C. Sabau, C.-A. Dragos, M.-B. Radac, L.-O.
Fedorovici, and E. M. Petriu, “Particle swarm optimization of fuzzy
models for anti-lock braking systems,” in Proc. 2014 IEEE Conference
on Evolving and Adaptive Intelligent Systems, Linz, Austria, 2014, pp.
1-6.

SAE, Surface Vehicle Recommended Practice,
translations.com/documents/sae_j2450.pdf, 2001.

http://www.apex-




<<
  /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 /Error
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /blex
    /blsy
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /Cmb10
    /CMB10
    /Cmbsy10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /Cmbx10
    /CMBX10
    /Cmbx12
    /CMBX12
    /Cmbx5
    /CMBX5
    /Cmbx6
    /CMBX6
    /Cmbx7
    /CMBX7
    /Cmbx8
    /CMBX8
    /Cmbx9
    /CMBX9
    /Cmbxsl10
    /CMBXSL10
    /Cmbxti10
    /CMBXTI10
    /Cmcsc10
    /CMCSC10
    /Cmcsc8
    /CMCSC8
    /Cmcsc9
    /CMCSC9
    /Cmdunh10
    /CMDUNH10
    /Cmex10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /Cmff10
    /CMFF10
    /Cmfi10
    /CMFI10
    /Cmfib8
    /CMFIB8
    /Cminch
    /CMINCH
    /Cmitt10
    /CMITT10
    /Cmmi10
    /CMMI10
    /Cmmi12
    /CMMI12
    /Cmmi5
    /CMMI5
    /Cmmi6
    /CMMI6
    /Cmmi7
    /CMMI7
    /Cmmi8
    /CMMI8
    /Cmmi9
    /CMMI9
    /Cmmib10
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /Cmr10
    /CMR10
    /Cmr12
    /CMR12
    /Cmr17
    /CMR17
    /Cmr5
    /CMR5
    /Cmr6
    /CMR6
    /Cmr7
    /CMR7
    /Cmr8
    /CMR8
    /Cmr9
    /CMR9
    /Cmsl10
    /CMSL10
    /Cmsl12
    /CMSL12
    /Cmsl8
    /CMSL8
    /Cmsl9
    /CMSL9
    /Cmsltt10
    /CMSLTT10
    /Cmss10
    /CMSS10
    /Cmss12
    /CMSS12
    /Cmss17
    /CMSS17
    /Cmss8
    /CMSS8
    /Cmss9
    /CMSS9
    /Cmssbx10
    /CMSSBX10
    /Cmssdc10
    /CMSSDC10
    /Cmssi10
    /CMSSI10
    /Cmssi12
    /CMSSI12
    /Cmssi17
    /CMSSI17
    /Cmssi8
    /CMSSI8
    /Cmssi9
    /CMSSI9
    /Cmssq8
    /CMSSQ8
    /Cmssqi8
    /CMSSQI8
    /Cmsy10
    /CMSY10
    /Cmsy5
    /CMSY5
    /Cmsy6
    /CMSY6
    /Cmsy7
    /CMSY7
    /Cmsy8
    /CMSY8
    /Cmsy9
    /CMSY9
    /Cmtcsc10
    /CMTCSC10
    /Cmtex10
    /CMTEX10
    /Cmtex8
    /CMTEX8
    /Cmtex9
    /CMTEX9
    /Cmti10
    /CMTI10
    /Cmti12
    /CMTI12
    /Cmti7
    /CMTI7
    /Cmti8
    /CMTI8
    /Cmti9
    /CMTI9
    /Cmtt10
    /CMTT10
    /Cmtt12
    /CMTT12
    /Cmtt8
    /CMTT8
    /Cmtt9
    /CMTT9
    /Cmu10
    /CMU10
    /Cmvtt10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Dcb10
    /Dcbx10
    /Dcbxsl10
    /Dcbxti10
    /Dccsc10
    /Dcitt10
    /Dcr10
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /DoulosSIL
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /KrutiDev040Bold
    /KrutiDev040BoldItalic
    /KrutiDev040Condensed
    /KrutiDev040Italic
    /KrutiDev040Thin
    /KrutiDev040Wide
    /KrutiDev060
    /KrutiDev060Bold
    /KrutiDev060BoldItalic
    /KrutiDev060Condensed
    /KrutiDev060Italic
    /KrutiDev060Thin
    /KrutiDev060Wide
    /KrutiDev070
    /KrutiDev070Condensed
    /KrutiDev070Italic
    /KrutiDev070Thin
    /KrutiDev070Wide
    /KrutiDev080
    /KrutiDev080Condensed
    /KrutiDev080Italic
    /KrutiDev080Wide
    /KrutiDev090
    /KrutiDev090Bold
    /KrutiDev090BoldItalic
    /KrutiDev090Condensed
    /KrutiDev090Italic
    /KrutiDev090Thin
    /KrutiDev090Wide
    /KrutiDev100
    /KrutiDev100Bold
    /KrutiDev100BoldItalic
    /KrutiDev100Condensed
    /KrutiDev100Italic
    /KrutiDev100Thin
    /KrutiDev100Wide
    /KrutiDev120
    /KrutiDev120Condensed
    /KrutiDev120Thin
    /KrutiDev120Wide
    /KrutiDev130
    /KrutiDev130Condensed
    /KrutiDev130Thin
    /KrutiDev130Wide
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MTExtraTiger
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SILDoulosIPA
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /SymbolTiger
    /SymbolTigerExpert
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Tiger
    /TigerExpert
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /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 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /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 1.00167
  /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

  /CreateJDFFile false
  /Description <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata pogodnih za pouzdani prikaz i ispis poslovnih dokumenata koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




