A\

Ulster
University

A differential evolution based adaptive neural Type-2 Fuzzy inference system for
classification of motor imagery EEG signals

Basu, D., Bhattacharyya, S., Sardar, D., Konar, A., Tibarewala, D. N., & Nagar, A. K. (2014). A differential
evolution based adaptive neural Type-2 Fuzzy inference system for classification of motor imagery EEG signals.
In Proceedings of the 2014 IEEE International Conference on Fuzzy Systems, FUZZ-IEEE (pp. 1253-1260).
Article 6891885 (IEEE International Conference on Fuzzy Systems). IEEE. https://doi.org/10.1109/FUZZ-
IEEE.2014.6891885

Link to publication record in Ulster University Research Portal

Published in:
Proceedings of the 2014 IEEE International Conference on Fuzzy Systems, FUZZ-IEEE

Publication Status:
Published (in print/issue): 04/09/2014

DOI:
10.1109/FUZZ-IEEE.2014.6891885

Document Version
Author Accepted version

General rights

Copyright for the publications made accessible via Ulster University's Research Portal is retained by the author(s) and / or other copyright
owners and it is a condition of accessing these publications that users recognise and abide by the legal requirements associated with these
rights.

Take down policy

The Research Portal is Ulster University's institutional repository that provides access to Ulster's research outputs. Every effort has been
made to ensure that content in the Research Portal does not infringe any person's rights, or applicable UK laws. If you discover content in
the Research Portal that you believe breaches copyright or violates any law, please contact pure-support@ulster.ac.uk.

Download date: 27/09/2023


https://doi.org/10.1109/FUZZ-IEEE.2014.6891885
https://doi.org/10.1109/FUZZ-IEEE.2014.6891885
https://pure.ulster.ac.uk/en/publications/45280d06-6881-4f32-95aa-354848b6aecd
https://doi.org/10.1109/FUZZ-IEEE.2014.6891885

A Differential Evolution based Adaptive Neural
Type-2Fuzzy Inference System for Classification of
Motor Imagery EEG Signals

Debabrota Basu®, Saugat Bhattacharyya®, Dwaipayan
Sardar’, Amit Konar', D.N. Tibarewala’

'Dept. Electronics and Telecommunication Engineering,
2School of Bioscience and Engineering,
Jadavpur University,

Kolkata, India.
basudebabrota29@gmail.com,
saugatbhattacharyya@live.com, dsnalkel@gmail.com,
konaramit@yahoo.co.in, biomed.ju@gmail.com

Abstract— This paper proposes a new classification
algorithm which aims at predicting different states from an
incoming non-stationary signal. To overcome the failure of
standard classifiers at generalizing the patterns for such
signals, we have proposed an Interval Type-2 Fuzzy based
Adaptive neural fuzzy Inference System (ANFIS). Through the
introduction IT2F system, we have aimed at improving the
uncertainty management of the fuzzy inference system. Besides
that using DE in forward and backward pass and improving
the forward pass function we have improved the parameter
update on wide range of nodal functions without any quadratic
approximation in forward pass. The proposed algorithm is
tested on a standard electroencephalography (EEG) dataset
and it is noted that the proposed algorithm performs better
than other standard classifiers including the classical ANFIS
algorithm.

Keywords— Interval Type-2 Fuzzy System, Adaptive
Neural Fuzzy Inference, Differential Evolution, Brain-
computer Interfacing, Electroencephalography

l. INTRODUCTION

Brain-computer Interfacing aims to decode the mental
brain states to control external devices like a prosthetic robot
arm. It has wide application in fields like neuro-
rehabilitation,  communication  [5], military  and
entertainment. The brain states are identified from signals
obtained through devices like Electroencephalography
(EEG), functional magnetic resonance imaging (fMRI),
magnetoencephalography (MEG), functional near-infrared
spectroscopy (fNIRS) electrocorticography (ECoG), and
intra- cortical electrodes [2]. Among these, EEG signals are
widely used among researchers because it is non-invasive,
easily available, portable, and has good temporal resolution
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BCI technologies based on EEG recording is made of the
following components: i) Pre-processing, where the
incoming signals are filtered in the required frequency band,
ii) Feature Extraction, where relevant information
(corresponding to the different brain states of the user) are
extracted from the filtered signals, and iii) Classification,
where the features are used to discriminate between the
different brain states [4]. In the past, researchers have
employed various time-, frequency-, and time-frequency
algorithms as feature extractors [16] and standard machine
learning algorithms like Support Vector Machines, Hidden
Markov Model, Discriminant Analysis, and Neural Networks
as classifiers [1].

It is a widely accepted belief that signals acquired from
an EEG recording are non-linear, non-stationary and non-
Gaussian in nature [16]. These characteristics pose a problem
towards the generalization of the training of a classifier, as
the classifiers in such cases may yield inaccurate results
when an unknown signal is fed to the classifiers. To tackle
this problem, the classifier designed must be adaptive in
nature and thus, in the present study we propose an Adaptive
Neural Type-2 Fuzzy Inference System (ANT2FIS)
algorithm to differentiate among the various mental states of
a user. As the membership function of a type-1 fuzzy set has
no uncertainty associated with it, type-2 fuzzy set comes as a
natural replacement of type-1 fuzzy rule base of ANFIS
architecture while dealing with EEG signals.

Adaptive Neural Fuzzy Inference System (ANFIS), first
proposed by Jang [9] as a fuzzy inference counterpart of
Adaptive neural networks, is a strong and standard neural
fuzzy inference tool which can be used to predict the chaotic
dynamics of a system. But due to its Type-1 fuzzy
membership pattern, it fails to handle noise and uncertainty in
case of chaotic and Ergodic signals. Also, ANFIS is
dependent and sensitive to the parameter sets defined by the
user. This inability to handle uncertainty becomes quite



prominent, in case of Ergodic and complex signals like EEG
which inspired us to develop associate type-2 fuzzy sets with
classical ANFIS for BCI application.

Type-2 fuzzy sets are developed to minimize the effect of
uncertainties in rule-base fuzzy logic systems. In our current
scenario, the EEG features are classified using our proposed
Type-2 fuzzy sets with the fuzzy inference system of ANFIS
to minimize the adverse effects of uncertainty. This has made
our algorithm a better tool to handle and classify EEG
signals. It is more robust, efficient, user independent and
handles the uncertainty of EEG signals much better than the
previous model. The inefficiency of uncertainty minimization
is not the only shortcoming of Type-1 ANFIS. The node
functions used in ANFIS have to be piecewise differentiable.
This poses a constraint in determination of membership
functions for ANFIS model. To make the functions more
flexible for real-time uncertain situations like detection of the
mental states from an EEG signal, we have to deal with this
constraint. Thus we have used an evolutionary algorithm
named Differential Evolution (DE) [15, 18] for the adaptation
of weights of adaptive network instead of the gradient
descent method used in classical ANFIS. This makes our
algorithm more robust and a better classifier for a vast range
of classification problems.

We have tested the effectiveness of our proposed
algorithm by on a standard EEG BCI competition dataset.
The datasets consists of EEG data obtained for two mental
imagery states: right and left hand motor imagery. We have
applied Extreme Energy Ratio (EER) criterion [19] as
features in the present study. A comparison with the classical
ANFIS and other standard classifiers suggests that our
algorithm performs much better in dealing with EEG signals.

The rest of the paper is organized as follows: In Section
I, we describe the methodology to our proposed algorithm.
In Section 111 we have given the details of the experiment on
which our proposed algorithm is tested. The results and
comparisons are discussed in Section 1V followed by the
concluding remarks in Section V.

1.  METHODOLOGY

A. Adaptive Neural Fuzzy Inference Systems (ANFIS)

ANFIS is a very popular and efficient neural fuzzy
inference system used for function reconstruction,
classification of miscellaneous data and signals, and design
of controllers. It was first proposed by Jang [9] as an efficient
combination of the adaptive neural network structures and
Takagi-Sugeno model based fuzzy inference systems. This
hybrid learning system maps the input dataset to the output
based on both human reasoning, in the form of fuzzy rule
bases and stipulated input-output data pairs.

In ANFIS, a fuzzy decision tree is created to classify the
data into one of P" linear regression models to minimize the
sum of squared errors given by

SSE =Y EZ
Z &)

Layer 1

| Layer 4
v/ Layer2 Layer3 v
! ‘ Xy Layer 5

W, vw, o |
GO
y ' ®wz @Wz 'D‘_"@'z

Fig. 1. ANFIS network.
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where, E, denotes the error for the k™ input vector between

the obtained value and the desired value of the output, n is the
number of input variables, and, p is the number of fuzzy
partitions defined for each input variable.

The ANFIS used here contains five layers as delineated
in Fig. 1. The node functions of each layer are fuzzy
functions of same type. The nodes in each layer are either
adaptive or fixed in nature, which is denoted by a square and
circle, respectively, as shown in Fig. 1. The adaptive nodes
consist of parameters required for the learning of the network,
while the fixed nodes perform only fuzzy theoretic
operations.

Due to adaptive approach of ANFIS, it can be used to
classify the non-stationary signal like EEG very efficiently,
where the fuzzy layers are used to capture the stochastic
nature of the EEG signals [24]. But in this case we are
bound by two assumptions: i) The node functions of the
network have to be piecewise differentiable as it is optimized
using gradient descent algorithm, and, ii) Based on quadratic
error cost and the polynomial coefficients using least mean
square (LMS) algorithm. But as it is based on symmetric
error treatment and it is greatly influenced by outliers it may
cause instability around points for higher number of
partitions. Not only is that, type-1 fuzzy set not sufficient
alone to handle all the uncertainties in an Ergodic and
complex signal like EEG.

Type-2 fuzzy set, first proposed by Zadeh [20],was
improved and exploited by Mendel [13]. It is shown in [24]
that type-2 fuzzy logic can handle the uncertainties embedded
in systems for classification and pattern recognition
problems. As EEG itself is a non-stationary, Ergodic and
complex signal, it is hard to classify this signal. Thus, type-2
fuzzy logic systems are used to handle the embedded
uncertainty. But introduction of type-2 fuzzy membership
functions in every node causes complex nodal functions
which are harder than the type-1 membership functions to
optimize. Besides that previously mentioned assumptions
make the inference system erroneous. To cope up with these
situations we have used the differential evolution algorithm
to optimize the parameters. As it can work on wider range of
functions and can optimize them in less time with better
efficiency and shows improved stability.
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Fig. 2. Block Diagram of Type-2 fuzzy inference system

B. Adaptive Neural Type 2 Fuzzy Inference Systems
(ANT2FIS)

Basic type-2 fuzzy inference system consists of five
blocks as shown in Fig. 2. In the input block the input vectors
are fuzzified using type-2 fuzzifier (or fuzzy encoder) block.
The type-2 fuzzy membership functions for each of the inputs
is converted in corresponding membership functions. Now
these membership functions are transferred to the next block,
named inference block, where the fuzzy knowledge base i.e.
the fuzzy if-then rules are used to calculate the output which
is also a type-2 membership function. Now this type-2
function is reduced into a type-1 membership function using
a type reducer block. Finally this set is taken as input in the
output block to generate the final classification results.

1)  ANT2FIS architecture

For simplicity, it is assumed the fuzzy system as depicted
in figure 3 has two inputs x and y and one output z. In [21],
Mendel et al have shown the basic type-2 fuzzy rules can be
taken as extensions of type-1 fuzzy IF-THEN rules. Similarly
we can define here two fuzzy rules as follows,

R':IF xis A and yisB,, THEN zis¢".

R?:IF xis A,and yisB,, THEN zis¢?. @

The architecture of the corresponding ANT2FIS will be
as shown in the Fig. 3. The different layers in this structure
and their corresponding fuzzy reasoning is described as
follows,

Layer 0: Each and every state variable, say x and y, forms
the layer O or the input layer of the ANT2FIS.

Layer 1: Each node of this layer is a square or adaptive
node with a set of premise parameters. In this layer the node
functions correspond to the predefined type-2 fuzzy
membership functions. Outputs of these nodes are the
membership values of the corresponding inputs. Thus, output
of the i" node can be given as,

O! = i, (x

Fig. 3. The ANT2FIS network
Here, ,uA‘ is the type 2 fuzzy membership function, x is

the input variable and A is the type-2 fuzzy set of a linguistic

term for the i" node. Thus, Oi1 is given by the cross section of
the membership function defined on A at the input point.

These membership functions can be a bell curve or a
Gaussian curve varying between 1 and 0. It was shown in [9],
ANFIS will meet the criterion of Stone-Weierstrass theorem
if the class of the membership function remains invariant
under multiplication. Here, we have chosen the node
functions of Gaussian type. As Gaussian MFs always
engender another Gaussian MF under product operation,
which in turn assures the convergence of the inference
system, every node is assigned Gaussian type-2 MFs given

by,

p, () =exp —= X2
(4)
where, O, O‘il,Uiz
Thus, the upper and lower MFs can be given as (Fig 4),
2
a0 =exp -~ X1
Aﬁ 2 a'iz
()
2
g (0 =exp —= X
(6)

Initially, the total range of the signal is partitioned using p
type-2 MFs. In Fig. 3, p=2. But in the real time simulation on
EEG where features are taken as the input of ANT2FIS,

p= dimension of feature*2 @)
For the robustness of application and ease of calculation,
the peak to peak amplitude variation of the EEG is reduced to
[-1, 1]. An example of such an initialization for 2 one
dimensional inputs is shown in Fig. 5.This uniform partition



of the amplitude interval distributes the uncertainty handling
property of the system throughout the interval. Thus,

No. of nodes in layer 1 = no. of inputs (or features) *p

The parameters as delineated in Fig. 4 control the nature
of the antecedent MFs. These are termed as premise
parameters.

MF
| -
1 /
; ,,,,,
OI m-c m mte

Fig. 4. (a) Type-1 Gaussian membership function with mean m and
standard deviation 0. (b) Type-2 Gaussian membership function with
premise parameters {m, o1, 02} where m is the mean and standard deviation
is varying in the range o, to 0>.
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Fig. 5. A typical initialization of type-2 MFs in layer 1 for our simulation
(range is set as [-1, 1])

Layer 2: It represents the fuzzy rule base of ANT2FIS.
Every node in this layer is a fixed node, labeled as node M,
whose output is the product of all the incoming signals from
the previous node and each node output represents the firing
strength of a rule. It is given by

oZ=1i(x,y)=
FEEGY) = (X)) 1y (Y) .

where, i=12,.2*D , Disthe dimension of input vector

and, * denotes the product t-norm of the type-2 fuzzy
memberships which in turn generates another type-2 MF
[11]. Here, D=1.

Layer 3: The next part is the type reducer block where the
type-2 fuzzy set is reduced to type-1. The final un-

normalized output of the type-2 FLS is obtained by applying
the Extension Principle [32] on the type-1 decision making
rule. This step is implemented using both layer 3 and layer 4.
The output of layer 3 is,

(o} E{zi : f_‘,zi*.f‘}

©
where, Z; = p;X+Q;y +r,

Here, i =1, 2. Each of the nodes contains parameter sets
{ P, G, ri} which are called consequent parameters.

Layer 4: This layer acts as the final reducer block [10].
Two nodes which belong to this layer, labeled by R,
accumulate all the upper membership functions into one node
and the lower MFs into another node. They consecutively
generate two possible extremities of the output interval z, and
z, Where,

N

O} =z, :Zzif_i

N

O; =7 = Zziii

Here, N= no. of rule bases= no. of nodes in layer 3. In this
example N=2.

(10)

Fig. 6. Fuzzy reasoning in layer 2 using product t-norm of non-singleton
type-2 fuzzy sets (blue line shows the UMF of output and black line shows
the LMF of the output)

Layer 5: This layer contains one accumulator node which
accumulates z, and z, and divide their sum by 2. Thus, the
final output of the ANT2FIS,

OSEZZ%(Z|+ZF) (12)

Thus, ANT2FIS with de-normalized output is a five layer
structure as depicted above.



2) Differential Evolution based learning strategy
Like ANFIS, ANT2FIS also uses a two-pass learning
cycle. In the forward pass the set of premise parameters, S is

fixed and the consequent parameters S" are computed using
Least Squared Error (LSE) algorithm during off-line learning.

Whereas, in the backward pass, S is fixed and S is
computed using gradient descent algorithm. But due to their
inefficiencies and limited performance range, both of them
are replaced using the differential evolution algorithm.

The forward pass problem can be stated as, AX = B
where, X contains the consequent parameters. If the premise
parameters are known and the inputs are given, A and B will
be known. But still the problem will be over-determined and
generally has no unique solution, as the dimension of B is

much larger than that of X. It can be solved this considering
as an optimization problem with cost function,

C = det(AX - B)

with the desired minimum value of 0. Now we can solve
it using DE. The pseudo-code for basic DE algorithm is
mentioned in the appendix.

(12)

The backward process is defined by (1) where Ek can be
defined as,

E, = S (de _Z:)Z
2

(14)

Fig. 7. Adaptation of premise parameters using DE to get modified premise parameters with minimum error in output: (a) initially generated and uniformly
distributed Gaussian MFs (b) the type-2 MFs after minimizing the error using DE based adaptation of premise parameters (# partitions=4, # input

variables=2)
12

Peicentage Emor

Function Evaluations

{a)

120

6 - - . . . T

Train Data (With DE)
Test Data (With DE)
+oos - Train Data (Without DE)
Test Data (Without CE)

Percentage Error

3H

Functions Evaluations

{b)

Fig. 8. Variation of average percentage error in output after using DE for forward pass and backward pass: (a) decrease in the error with FEs for different
subjects for different subjects, (b) convergence of percentage error with FEs in backward pass for training data (blue line) and test data (red line)



where, z4 is the value of the output vector for the dn
dimension of the k™ component and Z; is the desired output

for the k™ component. Now, if we consider the premise
parameters as known, the cost function as described in (1)
manifests into finding optimized premise parameters. The
adapted versions of the fuzzy membership functions after
backward propagation and the corresponding decrement in
error with every function evaluation of DE are shown in Fig. 7
and 8. Fig. 8(b) substantiates improved convergence
performance of DE while associated with ANT2FIS.

I1l.  EXPERIMENTS

We have tested our proposed classifier on a standard EEG
dataset obtained from the BCI Competition 2008- Graz dataset
1B in this study. This data set consists of EEG data from 9
right handed subjects, and further details on the dataset are
published in [12]. The cue based screening paradigm consisted
of two classes, namely the motor imagery (MI) of left hand
(class 1) and right hand (class 2). Each session consisted of six
runs with ten trials each and thus 120 trials (6 runsx10 trialsx2
classes) are obtained from each subject at the end of each
session.

The EEG signals were recorded using three bipolar
recordings (C3, Cz and C4) with a sampling frequency of 250
Hz. The recordings had a dynamic range of +100 pV for the
screening and the £50 uV for the feedback sessions. They were
filtered between 0.5 Hz and 100 Hz using a band pass filter,
and a notch filter at 50 Hz was enabled and the electrode
position Fz served as ground. In addition to the EEG channels,
the Electrooculogram (EOG) was recorded using three mono-
polar electrodes with an amplifier setting of dynamic range 1
mV [12]. From the EEG signals, the eye movement and blink
artifacts were removed using the EOG signals.

The features extracted from the filtered EEG signals are
determined using Extreme Energy Criterion [19]. At first, each
of the EEG observations are rearranged such that we have a
matrix X of dimension NxT corresponding to a single trial.
Here, N is the number of electrodes and T is the number of
samples in the recording period. The sample covariance, C,
when computed by (15) results in a matrix of NxN dimensions.
Averaging over all the samples of a class, we have the
covariance of that class. So, Cy and C; are obtained. If ¢ is
considered to be a spatial filter, the signal energy is given by
¢ XX"g=¢'Cp. Then, the Extreme Energy Ratio (EER)
criterion for distinguishing the classes is given by (16). There
can be two filter g, and @i, respectively for maximizing and
minimizing the ratio in (16). The Eigen vectors corresponding
to the maximum and minimum Eigen values of the matrix C,”
1C, gives the spatial filters g and @i, respectively. One
filter pair suffices if a single source has to be identified. The
energy values of the signal filtered by these two filters can be
treated as the features of an EEG observation. If m sources are
to be identified, we have 2m values for each EEG sample. For
M SOUrces, @nax (@in) is a set of filters given by m generalized
Eigen vectors of matrix pair (Cy, C;) which correspond m
maximal (minimal) Eigen values [16].

C= XXT (15)
]
C
Rip) =222
¢ Ly (16)

In this paper, we consider 3 sources (C3, C4 and Cz) and
thus, the feature vector for each sample is of dimension 1x 6.
These are energy values of the filtered signals where the filters
are the Eigen vectors corresponding to the Eigen values
arranged in ascending order. So, the first (six) energy value in
the feature vector is computed using the Eigen vector
corresponding to the smallest (largest) Eigen value, which are
the features used as inputs in our proposed algorithm.

IV. RESULTS AND DISCUSSION

The EER features extracted in the previous section are fed
as inputs to our proposed ANT2IFS classifier. As mentioned
in the previous section, the experimental dataset comprises 5
sessions. So, we have selected the first four sessions for
training the ANT2IFS classifier and the last dataset for testing
the ANT2IFS classifier, from each subject. The performance of
the training dataset is determined by applying k-fold validation
technique [1] and the best, worst and average classification
accuracy (CA) are used as performance metric in our current
study. The output of the test dataset is determined from the
incoming features on the trained classifier (for each subject)
and the classification accuracy determines the performance of
the classifier on test condition. Table | gives the results during
training and testing phase of the classifier. The mean of the
average classification accuracy obtained by the classifier on the
nine subjects is 86.41% during training and 84.29% during
testing.

TABLE |. PERFORMANCE MEASURE OF ANT2FIS CLASSIFIER DURING
TRAINING AND TESTING OF THE EEG DATASET FOR EIGHT SUBJECTS (SUB)

Sub. Training Testing
Best Worst Average
CA CA CA
1 97.80 86.10 93.95 85.17
2 96.50 84.70 92.05 83.30
3 97.90 84.20 91.25 83.30
4 96.80 84.30 89.55 83.40
5 97.40 83.90 90.65 83.00
6 96.90 85.40 91.15 84.40
7 95.40 84.30 92.85 83.40
8 98.90 86.70 94.80 85.76
9 99.50 87.80 96.65 86.86
Mean 9745 85.27 92.54 84.29

The performance of our proposed classifier has been com-
pared with its competitors: ANFIS, Support Vector Machine
(SVM), Nave Bayesian (NB) and Feed Forward Neural
Network (FFNN) using McNemars Test [8] on the test
dataset. McNemars test compares the performance of two
classifiers, say A and B. The null hypothesis of the test is as
follows: algorithms A (here ANT2FIS) and B (competitive
algorithms used for comparison) should have the same error
rate, i.e., the number of feature vectors misclassified by A but



not by B (no; ) must be equal to the number of feature vectors
misclassified by B but not by A (nyg). The test also employs a
comparator statistic Z; which follows a distribution with one
degree of freedom and is given by

_ (|n01 - n10|)2

Z; =
Nyy + Ny

1(17)

The hypothesis is rejected if Z,>3.841459 , i.e., the

confidence level is over 95%. Table-1l provides the results of
comparative performance of the proposed ANT2FIS classifier
with four other classifiers, and the last column indicates that
the hypothesis is in favor of only ANFIS. In other words, the
ANFIS only is comparable with the proposed ANT2FIS in
performance with a 95% confidence level.

TABLE Il. STATISTICAL COMPARISON OF ANT2FIS CLASSIFIER USING
MCNEMAR’S TEST

Competitors No1 N1o Z; Acceptance/
Rejection of
Hypothesis
ANT2FIS 0 3 1.33 Accepted
SVM 19 35 417 Rejected
NB 27 46 4.44 Rejected
FENN 17 46 6.11 Rejected

In Fig. 9, we have compared the average accuracies of type-
1 or classical ANFIS and our proposed ANT2FIS over 25 runs
for each of them. We have plotted the accuracies of these two
algorithms with respect to the test datasets and it is evident that
Interval Type-2 ANFIS is more efficient and accurate to
classify the EEG signals.

]

Fig. 9. Comparison of the accuracies of ANFIS and ANT2FIS

V. CONCLUSION

This paper introduces a novel interval type-2 neural fuzzy
inference system for classification of EEG signals, required for
BCI applications. In this study, we have used the algorithm to
decode between two mental states of 9 different subjects. For
this purpose, we have employed Extreme Energy Ratio
criterion as features which are fed as inputs to our algorithm.
From the classification results and statistical tests in Section
IV, we have shown that our proposed algorithm ANT2FIS

performs better than most standard classifiers. Also, as noted
from Section IV, ANIT2FIS performs better than the classical
ANFIS algorithm for the non-stationary EEG signals. No Free
Lunch Theorem [27] tells us that there are no context-
independent or application independent reasons to favor one
learning or classification method over another. IT2 fuzzy
systems are natural extensions of the original type-1 ANFIS
systems, which ensures the performance and IT2 FSs just
improves it.The improved performance is because of the
following two points: i) by applying interval type-2 fuzzy sets
on our algorithm, we have managed to handle uncertainty in
the EEG signal, ii) by employing Differential Evolution in
place of gradient descent method in backward pass and LSE in
forward pass, and, iii) by changing the cost function of
forward pass, the deficiencies of Symmetric error treatment &
great outliers influence is overcome. That is how we have
increased the flexibility of weights selection for the adaptive
nodes. The major reason of its inefficiency in a few cases may
be that the designed FOU covers too much or too little
uncertainty that the system does not have. For our future work,
we aim to use the ANT2FIS algorithm as classifier for real-
time control of prosthetic devices, which would find
applications in fields of rehabilitation engineering and to
include other varieties of this algorithm using other kind of
fuzzy reasoning like other norms and IF-THEN rules.

APPENDIX
PSEUDO-CODE OF DIFFERENTIAL ALGORITHM
An iteration of the classical DE algorithm consists of the
four basic steps—initialization of a population of vectors,

mutation, crossover or recombination, and finally selection. The
main steps of classical DE are given below:

I. INITIALIZATION

Set the generation number t = 0 and randomly initialize a
population of NP individuals

u d
B :g’fm, Lo o
with X, (t) ={Xi1 (t), X, (t)!""1XiD )}

and, each individual uniformly distributed in the range

[g?ggj g?gm]’ where g?g‘ij ={Xmin1’ Xminz’ e ’XminD}

min’d max
gga o
and, X o ={Xoax s Xiax, s - -+ Xonaxg $ Wit = {1, 2,

,NP}
Il.  While stopping criterion is not reached, do
for i=1toNP

a. Mutation:

Generate a donor vector \f(t) ={V@t), v, (), v (0}

corresponding to the i" target vector 1('[) by the following

scheme



Jo =Lo ¢ o-Po

where ry, r,and rzare distinct random integers in [1, NP].

b. Crossover:
o i
Generate trial vector U (t) ={u, (t), u, (t),....,u; (O}

for the i" target vector i(t) by binomial crossover as

v; (t)if rand(0,1) < Cr
X; (1)

c. Selection:

U; (t)=

otherwise

Evaluate the trial vector 3%
if f (lg,?Jj )< f (g??(t)) ,
then ¢+ =)
(Xern)= (o)

end if

end for

d. Increase the counter valuet =t + 1.
end while

The parameters used in the algorithm namely, scaling factor
“F” and crossover rate “Cr”, should be initialized before calling
the “while” loop. The terminate condition can be defined in
many ways, a few of which include: 1) fixing the number of
iterations N, 2) when best fitness of population does not change
appreciably over successive iterations, and 3) either of 1) and
2), whichever occurs earlier.

ACKNOWLEDGMENT

This work is supported by University Grant Commission,
India, University of Potential Excellence Program (Phase II)
in Cognitive Science, Jadavpur University and Council of
Scientific and Industrial Research, India.

REFERENCES

[1] E. Alpaydin, Introduction to Machine Learning (Adaptive Computation
and Machine Learning). Massachusetts: The MIT Press, 2004.

[2] R. A. Andersen, S. Musallam, and B. Pesaran, “Selecting the signals for
a brain-machine interface,” Curr. Opinion in Neurobio., vol. 14(6), pp.
720-726, 2004.

[3] K. Koka, R. Patwardhan, add W. Besio, “Computer simulation and tank
experimental verification of concentric ring electrodes,” in 26th Annual
International Conference of the IEEE in Engineering in Medicine and
Biology Society, 2004, IEMBS 04, pp. 2243-2246, San Francisco, CA,
2004.

[4]

[5]

[6]

[71

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]
[24]

S. Bhattacharyya, A. Khasnobish, A. Konar, D.N. Tibarewala, and AK.
Nagar, “Performance analysis of left/right hand movement classification
from EEG signal by intelligent algorithms,” in 2011 IEEE Symposium
on Computational Intelligence, Cognitive Algorithms, Mind, and Brain
(CCMB), pp. 1-8, Paris, 2011.

S. Bhattacharyya, A Sengupta, T. Chakraborti, D. Banerjee, A.
Khasnobish, A. Konar, D.N. Tibarewala, and R. Janarthanan, “EEG
controlled remote robotic system from motor imagery classification,” in
Third International Conference on Computing, Communication
Networking Technologies (ICCCNT), pp. 1-8, Coimbatore, 2012.

Y. Chae, J. Jeong, and S. Jo, “Toward brain-actuated humanoid robots:
Asynchronous direct control using an EEG-based BCI,” IEEE
Transactions on Robotics, vol. 28(5), pp. 1131-1144, 2012.

J.J. Daly, and J.R. Wolpaw, “Braincomputer interfaces in neurological
rehabilitation,” The Lancet Neurologyr, vol. 7 (11), pp. 1032-1043,
2008.

T.G. Dietterich, “Approximate statistical tests for comparing supervised
classification learning algorithms”, Neural Computing, vol. 10(7), pp.
1895-1923, 1998.

J.-S.R. Jang, “ANFIS: Adaptive network based fuzzy inference
system,” IEEE Transactions on Systems, Man and Cybernetics, vol.
23(3), pp. 665-685,1993.

N.N. Karnik, J.M. Mendel, “Centroid of a type-2 fuzzy sets,”
Information Sciences, vol. 132(1-4), pp. 195-220, 2001.

N.N. Karnik, and J.M. Mendel, “Operations on type-2 fuzzy sets,”
Fuzzy Setsand Systems, vol. 122(2), pp. 327 —348, 2001b.

R. Leeb, F. Lee, C. Keinrath, R. Scherer, H. Bischof, and G. Pfurtscheller,
“Brain-computer communication: Motivation, aim and impact of
exploring a virtual apartment,” IEEE Transactions on Neural Systems
and Rehabilitation Engineering, vol.5(4), pp. 473-482,2007.

J.M. Mendel, R.I. John, and F. Liu, “Interval type-2 fuzzy logic systems
made simple”, IEEE Transactions on Fuzzy Systems, vol. 14(6), pp.
808-821, 2006.

G. Pfurtscheller, and F.H. Lopes da Silva, “Event-related EEG/MEG
synchronization and desynchronization: basic principles,”  Clinical
neurophysiology, vol. 110(11), pp. 1842-1857, 1999.

K. Price, R.M. Storn, and J.A. Lampinen, Differential Evolution: A
Practical Approach to Global Optimization. Natural Computing Series,
NJ, USA: Springer-Verlag, 2005.

S. Sanei, and J.A. Chambers, EEG Signal Processing. NY:John
Wiley, 2008.

M.D. Serruya, N.G. Hatsopoulos, L. Paninski, R. Matthew, and J.P.
Donoghue, “Instant neural control of a movement signal,” Nature,
vol. 416 (6877), pp. 141-142, 2002.

R. Storn, and K. Price, “ Differential evolution a simple and efficient
heuristic for global optimization over continuous spaces,” Journal of
Global Optimization, vol. 11 (4), pp. 341-359, 1997.

S. Sun, “The extreme energy ratio criterion for EEG feature extraction”
in Proceedings of the 18th international conference on Atrtificial Neural
Networks, Part 11, pp. 919-928, Berlin, Heidelberg, 2008.

Q. Liang, and J.M. Mendel, “An introduction to type-2 TSK fuzzy logic
systems,” in 1999 IEEE international fuzzy systems conference
proceedings, vol. 3, pp. 1534-1539, 1999.

Q. Liang, and J.M. Mendel, “MPEG VBR video traffic modeling and
classification using fuzzy technique,” IEEE Transactions on Fuzzy
Systems, vol.9 (1), pp.183-193, Feb 2001

J. Long, Y. Li, H. Wang, T. Yu, J. Pan, and F. Li, “A hybrid brain
computer interface to control the direction and speed of a simulated or
real wheelchair”. IEEE Transactions on Neural Systems and
Rehabilitation Engineering, vol. 20(5), pp. 720-729, 2012.

L. Zadeh, “Fuzzy sets”, Information and Control, 1965.

J. Zeng, and Z.Q. Liu, “Type-2 Fuzzy Sets for Pattern Recognition: The
State-of-the-Art”, Journal of Uncertain Systems, vol.1 (3), pp.163-177,
2007.




<<
  /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 false
  /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
    /AdobeSansMM
    /AdobeSerifMM
    /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
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /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
    /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
    /EuroSig
    /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
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-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
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /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
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /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
    /NimbusRomDGR-Bold
    /NimbusRomDGR-BoldItal
    /NimbusRomDGR-Regu
    /NimbusRomDGR-ReguItal
    /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
    /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
    /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
    /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 200
  /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 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /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 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /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 <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


