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 Abstract – This paper proposes new adaptive control 
technique for three phase shunt active power filter (SAPF) using 
interval type-2 fuzzy logic controller. The synchronous reference 
frame (SRF) is chosen to compare the performance of the active 
filter using PI controller, type-1 fuzzy and Interval type-2 fuzzy 
controllers (IT2FC). Design procedure of the IT2FC is explored 
in detail. An efficient type reduction method called as Nie-Tan 
method is used instead of the most commonly used methods 
which gives closed form expression and reduces the computing 
power needed to implement time reduction. We apply the 
interval type-2 fuzzy controller to control the line currents, 
output DC voltage and also to reduce the influence of parameter 
uncertainty. Simulation results clearly show that the proposed 
controller has a good performance and robust to the parameter 
uncertainties compared with other nonlinear strategies.   
 
 Index Terms – Shunt active power filter, Adaptive control, 
Interval type -2 fuzzy control. 
 

I.  INTRODUCTION 
 The increased use of nonlinear loads such as rectifier 
devices in TV, ovens and telecommunications power systems 
and commercial lighting systems cause excessive neutral 
currents, harmonic injection and reactive power burden in the 
power system. They result in poor power factor and lower 
efficiency of power system. Conventionally, passive filters 
were the choice for the elimination of harmonics and the 
improvement of power factor. These passive filters have the 
disadvantages of large size, resonance and fixed 
compensation.  

In the last couples of decades the concept of active power 
filters has been introduced and many publications have 
appeared on this subject. A comprehensive review of active 
power filters configurations, control strategies, selection of 
components and other related issues are given in [1-4].  

Most APF’s are based on voltage source inverters due to 
its higher efficiency. According to PWM control laws, the DC 
link voltage of inverter must be kept constant in order that 
APF can compensate harmonics and reactive power 
effectively. Because of simple arithmetic and high reliability 
in steady state, PI controller gains extensive application in the 
DC-link voltage control system. But PI controller depends on 
exact mathematical model of system and has poor robustness 
in transient state. It tends to cause DC voltage overshoot and 

inrush source current, which will lead to protection or even 
damage when APF is plunged into. The voltage overshoot and 
inrush current have been the bottleneck which restricts the 
development of APF [6]. However conventional PI controllers 
were used to generate reference current template. The PI 
controller requires precise linear mathematical models, which 
are difficult to obtain and fails to perform satisfactorily under 
parameter variations, nonlinearity, load disturbance, etc. 

Recently, Fuzzy logic controllers (FLCs) have generated a 
good deal of interest in certain applications. The advantages 
of FLCs over conventional controllers are that they do not 
need an accurate mathematical model, they can work with 
imprecise inputs, can handle non-linearity, and they are more 
robust than conventional nonlinear controllers [5-8].  

The concept of type-2 fuzzy sets (T2FSs) was first 
introduced by Zadeh [9] as an extension of the concept of well 
known ordinary fuzzy sets, type-1 fuzzy sets. Typically, 
T2FSs have the characteristics of grades of membership fuzzy 
themselves [10]. Very similar to a TIFLC structurally, a 
T2FLC also contains the components as: fuzzifier, rule base, 
fuzzy inference engine, and output processor which comprises 
type reducer and defuzzifier as shown in fig. 1.  

 

 
Fig. 1 The architecture of interval type-2 (IT2) fuzzy logical system (FLS) 

Similar to T1FLC, the fuzzifier in a T2FLC maps inputs 
into type-2 fuzzy sets. The output processor includes the type-
reducer and the defuzzifier; while the former outputs Tl FS 
and the latter outputs a crisp number. T2FLCs can be used at 
the uncertain circumstances when the membership grades can 
not be determined exactly. As a type-2 fuzzy set is 
characterized by a fuzzy membership function, i.e., the 
membership grade for each element also is a fuzzy set in [0,1], 
unlike a type-l fuzzy set, where the membership grade is a 
crisp number in [0,1] [10]. 
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The membership functions of type-2 fuzzy sets are three 
dimensional and include a footprint of uncertainty (FOU), 
which is the new third dimension of type-2 fuzzy sets and the 
footprint of uncertainty provides an additional degree of 
freedom to make it possible to directly model and handle 
uncertainties [11]. Normally, T2FLCs have characteristics of 
intensive computation due to heavy computational load at the 
step of type reducing process. To simplify the computation the 
secondary membership functions can be set to either zero or 
one and called interval type-2 FLSs [12]. 

The type reduction method that is most commonly used in 
conjunction with IT2 FLSs is the Karnik-Mendel (K-M) 
iterative algorithm. Recently several modifications to the K-M 
type reducer have been proposed [13]. The enhancements 
resulted in a 39% reduction in the computation time. Another 
type reduction strategy is the uncertainty bounds method [14]. 
Inner and outer bound sets are introduced to estimate the 
uncertainty in an IT2 FLS, resulting in an approximated type 
reduced set. In spite of the recent research results there is still 
room for reducing the computing power needed to implement 
time reduction. Furthermore theoretical analysis of IT2 FLS is 
challenging because the existing type reduction algorithm 
can’t be expressed in closed form. 

In this paper a new type reduction method called Nie-Tan 
method was used to reduce the order of the type of IT2 fuzzy 
sets which gives a closed form expression for the output of an 
IT2 FS. The main idea of this method is to reduce the order of 
an IT2 FS by using the vertical slice, instead of the wavy 
representation [15]. 

This paper is organized as follows. In section II the shunt 
active filter was modeled and simulated and comparison was 
made between PI and fuzzy controllers. In section III an 
IT2FC was designed step by step in detail. In section IV the 
simulation results of IT2FC and type-1 fuzzy controllers was 
presented. The conclusions are drawn in section V.  

II. CONTROL OF SAPF USING PI AND FUZZY CONTROLLERS  

 The compensation characteristics of shunt active power 
filter are based on injecting current of the same magnitude 
with reversed phase of the load harmonics and/or the reactive 
components at the point of connection to cancel them. The 
compensation capabilities of shunt active power filter include:  
-Current harmonics injection. 
-Reactive power production. 
-Resonance damping. 
-Unbalanced load current compensation.  

The synchronous reference frame (SRF) is chosen to 
compare the performance of the PI and fuzzy controllers due 
to its higher efficiency because the SRF based controller is 
almost insensitive to supply voltage distortions, since any non 
dc components in the SRF can be attributed to harmonics in 
steady state.   

 
Fig. 2 Shunt active power filter with a voltage source inverter 

A. Modeling of SAPF using PI controller 
The shunt active filter shown in fig. 2 is modeled in the 

stationary abc  frame as described in [16-18]:  
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Where: 

ba ii , : Two of the three phase inverter currents. 

dcv : DC link voltage. 

CC LR , : The resistance and inductance of the filter. 

ncnbna ddd ,, : The three phase switching state functions. 

cba vvv ,, : Three phase supply voltages. 

C : The capacitance of the DC link. 
In order to convert quantities from the stationary abc  

frame to the rotating dq frame the transformation matrix is 
necessary:               
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A phase locked loop (PLL) scheme is used to determine 
the angle for the dq referece frame orientation such that 
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In steady state conditions the fundamental components of 
dq quantities is constant. To impose the harmonics on the 
inverter of fig. 2 it is necessary to separate the constant current 
component from the oscillating component. This oscillating 
component with reverse phase is the reference of the 
controller.   
       The AF can be modeled in the dq reference frame from 
(1) with the aim of reducing control complexity if compared 
with modeling in the stationary abc  reference frame. 
The dynamic model which is described in [16-19] is obtained 
from equations (1) and (2) resulting in: 

⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡
+

⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡

⎥
⎥
⎥
⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢
⎢
⎢
⎢

⎣

⎡

−−
−

−−

=
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢

⎣

⎡

0

1

0

q

d

C
dc

q

d

nqnd

C

nq

c

c

C

nd

C

C

dc

q

d

v
v

L
v
i
i

C
d

C
d

L
d

L
R

w

L
d

w
L
R

v
i
i

dt
d    (4) 

Where ndd  and nqd  are the switching state functions of the 

system in the dq reference frame and w  is the supply angular 
frequency. The first and second lines can be written as: 

dnddcqCdC
d

c vdvwiLiR
dt
di

L +−=+                          (5) 

qnqdcdCqC
q

c vdvwiLiR
dt
di

L +−−=+                        (6) 

Let du  and qu  be the right side terms of equations (5) and 

(6): 

dnddcqCd vdvwiLu +−=                                               (7) 

qnqdcdCq vdvwiLu +−−=                                             (8) 

The terms du  and qu  are the respective outputs of the 

two current PI controllers: 

∫+= dtikiku didpd
~~

                                                         (9) 

∫+= dtikiku qiqpq
~~

                                                       (10) 

Where ddd iii −= ∗~
and qqq iii −= ∗~

are the current errors. 

With equations (7) and (8) the switching state functions (11) 
and (12) can be found. 
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v
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v
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in (11) and 

(12) are called compensation parts and can be added or not to 
the output of the PI controllers.  
The third equation of the model (4) is given by: 
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dc idid

dt
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C +=                                          (13) 

This equation can be written as: 
          qnqdnddc ididu +=                                                (14) 

In order to control the DC voltage, a PI controller is used: 
          ∫+= dtvkvku dcivdcpvdc

~~                                      (15) 

Where dcdcdc vvv −= ∗~ is the voltage error. The control effort 
is obtained from equation (16). 
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Assuming that the current loop is ideal, the following 
properties hold: 
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Assuming the supply voltage is given by equation (3) the 
transformation of av and bv to dq coordinates yields 

Vvd
ˆ2/3= and 0=qv .  
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 The control effort can be approximated by: 
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The instantaneous active power is: dd ivp = . 
In order to maintain the DC link voltage, the d-axis 

current in (18) must be added to ∗
di because the qi current 

doesn’t contribute for the active power to maintain the DC 
link voltage.  

B. Modeling of SAPF using Fuzzy Controller 
      The PI controllers are replaced by fuzzy controllers as 
shown in fig. 4. The internal structure of the fuzzy controller 
is shown in fig. 3. 
The fuzzy controller is characterized as follows: 

1) Seven fuzzy sets for input and output. 
2) Triangular membership functions for simplicity. 
3) Fuzzification using continuous universe of discourse. 
4) Defuzzification using the height method. 

 

 
Fig. 3 The architecture of type-1 (T1) fuzzy logical system (FLS) 
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Fig. 4 Schematic diagram of SAPF with SRF based PI controller 

The membership functions are chosen to be triangular 
because the parametric functional description of triangular MF 
is most economic one. Triangular MF are preferred because of 
their striking simplicity, solid theoretical basis and ease of 
computation, since they are symmetrical and have zero value 
at some point away from their centre. For this work seven 
unequal spaced triangular membership functions have been 
chosen for representing each linguistic variable NB, NM, NS, 
Z, PS, PM, PB.  

The number of linguistic variables is directly related to 
the accuracy of approximating functions and plays an 
important role for approximating the nonlinear input output 
mapping. As the number of linguistic variables increases the 
output of the fuzzy controller becomes a linear function of the 
input.   

To trade off between accuracy and complexity, through 
rigorous simulation studies it has been found that seven 
membership functions are sufficient to produce desired results 
in required band. Reducing the number of MFs will produce 
improper results at some band, while increasing the number of 
MFs will produce a delay due to more computational steps 
required [20]. 

C. Simulation of SAPF Using PI and fuzzy controller 
 The system of fig. 4 was simulated with MATLAB in 
SimPower systems environment. The simulation model is 
shown in fig. 5. Figs. 6-7 show the simulation results of the 
proposed SAPF using the PI and fuzzy controllers. The 
parameters selected for simulation studies are: Vs =120 V 
(rms), Rc =0.2 ohm, Lc =2 mH, RL =10 ohm and LL =20 mH. It 
is clear from simulation results that the transient response of 
the DC voltage is better for the fuzzy controller compared to 
the PI controller and takes shorter time to reach the steady 
state. The THD of source current before compensation is 
25.8% and after compensation is 4.7% and 4.3% respectively 
which comply with the IEEE-519 standards.  
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Fig. 5 The simulation model in SimPower systems environment 
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Fig. 6 The response of shunt active power filter using PI controller  
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Fig. 7 The response of shunt active power filter using fuzzy controller  

III. DESIGN OF IT2 FUZZY LOGIC CONTROLLER 

 The architecture of interval type-2 (IT2) fuzzy logical 
system (FLS) as shown in fig. 1: 

A. Fuzzifier 
 In this paper we adopt two input one output FLC to 
introduce the design procedure of IT2 FLC that is we consider 
error and rate of error scaled to the same range as the inputs of 
the proposed diagonal type FLC. The triangular membership 
functions for error and rate of error are shown in fig. 8. The 
fuzzy labels are negative big (NB), negative medium (NM), 
negative small (NS), zero (Z), positive small (PS), positive 
medium (PM), positive big (PB). A singleton fuzzification 
with minimum t-norm is used in this work. 

 
(a) 

 
(b) 

Fig. 8 The membership functions for (a) error  
and change of error and (b) output (u) 

B. Rule base 
 The rules for IT2 FLS are still remained the same as that 
of T1 FLS. But their antecedents and consequents will be 
represented by IT2 fuzzy sets. The diagonal rule table is 
summarized in table I which is constructed for the scenario in 
which error and change of error approach zero with a fast rise 
time and without overshoot. 

TABLE 1 
CONTROL RULE TABLE 

      ė      
e  NB NM NS Z PS PM PB 

NB Z NS NM NB NB NB NB 
NM PS Z NS NM NM NB NB 
NS PM PS Z NS NS NM NB 
Z PM PM PS Z NS NM NM 

PS PB PM PS PS Z NS NM 
PM PB PB PM PM PS Z NS 
PB PB PB PB PB PM PS Z 

C. Fuzzy inference engine 
 The inference engine combines all fired rules and gives a 
nonlinear mapping from input IT2 FS to output IT2 FS. In the 
inference engine multiple antecedents are combined using the 
meet operation.  

D. Type reduction and Defuzzification 
 The Nie-Tan method is formulated using the vertical slice 
representation of an IT2 fuzzy set (FS). For an IT2 FS, each 
vertical slice is an embedded type-1 fuzzy set that can be 
easily type reduced. This characteristic motivated the 
proposition that computation overhead can be reduced by first 
type reducing each vertical slice, before defuzzifing the 
resulting type-1 fuzzy set to obtain the centroid of the IT2 FS.
 The Nie-Tan method supposed that the continuous 
vertical slice is descretized into n points, and then the centroid 
of each vertical slice can be computed as follows: 
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 For an IT2 FSs, the average of a vertical slice that 
comprises n discrete points is the mean of the upper and lower 
MF, Hence, 
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Where u  and u  are the upper and lower grades of the type 
reduced set. The centroid (or the defuzzified value) of the 
interval type-2 fuzzy set can be expressed as: 
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 Equation (21) shows that the Nie-Tan formulation of the 
crisp output of an IT2 FLS depends only on the lower and 
upper bounds of its foot print of uncertainty. As iterations are 
no longer needed to calculate the defuzzified value of an IT2 
FLS, the computation cost of type reduction may be greatly 
reduced. Another advantage is (21) is a closed form equation. 
After that the defuzzification is done by the height method 
which is mainly based on multiplication, addition and 
subtraction.  

IV.  SIMULATION RESULTS 
 The simulation of shunt active power filter is carried in 
MATLAB/SimPower Systems environment. The simulation 
model is as shown in fig. 5 but replacing the PI controller with 
the IT2 fuzzy controller. Figs. 9-10 show the transient 
response of the DC voltage using IT2 fuzzy controller and T1 
fuzzy controller when the uncertainty RC and LC are 
introduced with 50 % of the nominal value. The simulation 
results clearly show that no change in the transient response 
using IT2 fuzzy controller in spite of the uncertainty while the 
T1 fuzzy controller has a small steady state error.  

0 0.02 0.04 0.06 0.08 0.1
0

100

200

300

400

500

time (s)

Vd
c 

(v
)

 
(a) 

0 0.02 0.04 0.06 0.08 0.1
0

100

200

300

400

500

time (s)

V
dc

 (v
)

 
(b) 

0 0.02 0.04 0.06 0.08 0.1
0

100

200

300

400

500

time (s)

V
dc

 (v
)

 
(c)  

Fig. 9 The transient response of DC voltage using IT2 fuzzy controller 
with (a) uncertain Lc (b) uncertain Rc (c) uncertain Rc and uncertain Lc 
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Fig. 10 The transient response of DC voltage using T1 fuzzy controller 
with (a) uncertain Lc (b) uncertain Rc (c) uncertain Rc and uncertain Lc 
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V. CONCLUSION 

 A shunt active power filter was modeled and simulated in 
the synchronous reference frame. The simulation results 
assured that the regulation performance for the fuzzy 
controller is better compared to the PI controller. The THD of 
source current before compensation is 25.8% and after 
compensation is well below 5%, the harmonics limit imposed 
by the IEEE-519 standards.  A new adaptive control technique 
using IT2 Fuzzy controller is proposed. Simulation results 
show that IT2FLC is better than the T1 fuzzy controller and is 
robust against parameter variation and rule uncertainty. 
Recently, T2FSM (type-2 fuzzy sliding mode control) and 
T2FNN (type-2 fuzzy neural network) have proposed to 
minimize the number of rules and reduce the complexity of 
analysis which will be reported later. 

ACKNOWLEDGMENT 

 The authors would like to thank Cyclotron Project 
(EAEA-Egypt) and Turku PET Centre (Abo Academy 
University- Finland) for funding this research project and for 
providing the facilities for doing the research. Thanks also are 
due to Dr. Heselius (Director of Abo Academy University) 
and Prof. Dr. Usama Seddik (Director of Cyclotron Project) 
for supporting this work. 

REFERENCES 
[1] Akagi, ”New trends in active filters for power conditioning,” IEEE Trans. 

Indus. Appl., vol. 32, no. 6, pp. 1312-1322, Nov./Dec. 1996. 
[2] B. Singh, K. Al-Haddad and A. Chandra, “A review of active filters for 

power quality improvement,” IEEE Trans.  Ind. Elec., vol. 46, no. 5, 
pp.960-971, Oct. 1999. 

[3] M. El-Habrouk, M. K. Darwish and P. Mehta, “Active power filters: a 
review,” IEE Proc. Elec. Power Appl., vol. 147, no. 5, pp. 403-413, Sept 
2002.  

[4] F. Z. Peng and D.J. Adams, “Harmonic sources and filtering approaches-
series/parallel, active/passive and their combined power filters, “ IEEE 
IAS, pp. 448-455, 1999. 

[5] T.-S. Lee, K.-S. Tee and M.-S. Chong, “Fuzzy iterative learning control 
for three phase shunt active power filter,” IEEE Inter. Symp.  on Ind. 
Elec., pp. 882-885, ISIE 2006, Canada. 

[6] X. Dianguo, H. Na, W. Wei, “Study on fuzzy controller with a self-
adjustable factor of active power filter,” 32nd Annual Conf. of the IEEE 
Industrial Elec. Society, pp. 2226-2231, IECON 2006  

[7] C. Sharmeela, M. R. Mohan, G. Uma and J. Baskaran, “ Fuzzy logic 
based controlled three phase shunt active filter for line harmonics 
reduction,” Journal of Computer Science, vol. 3, no.2, pp. 76-80, 2007.  

[8] S. K. Jain, P. Agrawal and H. O. Gupta, ”Fuzzy logic controlled shunt 
active power filter for power quality improvement,” IEE Proc. Elec. 
Power Appl., vol. 149, no. 5, pp. 317-328, Sept. 2002.  

[9] L. A. Zadeh, “The concept of a linguistic variable and its application to 
approximate reasoning I,” Inforn. Sci., vol. 8, pp. 199-249, 1975. 

[10] N. N. Karnik, J. M. Mendel, and Q. Liang, “Type-2 fuzzy logic   
systems,” IEEE Trans. Fuzzy Systems, vol. 7, pp. 643-658, Dec. 1999.                       

[11] J. Mendel and R. John, "Type-2 fuzzy sets made simple,” IEEE Trans.    
Fuzzy Systems, vol. 10, pp. 117-127, Apr. 2002. 

[12] Q. Liang and J. Mendel, ”Interval   type-2    fuzzy    logic   systems:         
        theory and design,” IEEE Trans. Fuzzy Systems, vol. 8, pp. 535-550,           
       Oct. 2000. 
[13] D. Wu. and J. M. Mendel, “Enhanced Karnik-Mendel algorithms    For 

interval type-2 fuzzy sets and systems,” Proc. In Proc. NAFIPS, San 
Diego, CA, pp. 184-189, 2007.                                    

[14] D. Wu. and J. M. Mendel,” Uncertainty bounds and their uses in the       
design of interval type-2 fuzzy logic systems,” IEEE Trans. Fuzzy 
Systems, vol. 10, no. 5, pp. 629-639, 2002 

[15] M. Nie, W. Wan Tan ,”Towards    an   efficient   type    reduction method 
for interval type -2  fuzzy logic  systems,”  IEEE Inter. Conf.  Fuzzy 
Systems, pp. 1425-1432, 2008 

[16] N.  Mendalek, K.  Al-Haddad, F.  Fnaiech and   L.  A.       
Dessaint,”Nonlinear control strategy applied to shunt active power filter,” 
Proc. IEEE Power Electronics Specialist Conf., pp 1877-1882, 
PESC2001, June 2001. 

[17] N. Mendalek, K. Al-Haddad, “Modelling and nonlinear control of shunt 
active power filter in the synchronous reference frame,” IEEE 
ICHQP’2000, pp. 30-35, 2000. 

[18] N. Mendalek, K. Al-Haddad, F. Fnaiech and L. A. Dessaint,” Nonlinear 
control technique to enhance dynamic performance of a shunt active 
power filter,” Proc. IEE Elec. Power App., vol. 4, pp. 373-379, July 2003. 

[19] L. R. Limongi, M. C. Cavalcanti, F. A. S. Neves and G. M. S. 
Azevedo,”Implementation of a digital signal processor controlled shunt 
active filter,” Electrical power quality and Utilization Journal, vol. XII, 
no.2, pp. 5-14, 2006. 

[20] G. K. Singh, A. K. Singh and R. Mitra, “A simple fuzzy logic based 
robust active power filter for harmonics minimization under random load 
variation,” Electric Power System Research, vol. 77, pp. 1101-1111, 
2007. 

[21] P.-Z. Lin, C.-M. Lin, C.-F. Hsu and T.-T. Lee, “Type-2 fuzzy controller 
design using a sliding-mode approach for application to DC-DC 
converters,” IEE Proc. Elec. Power Appl., vol. 152, no. 6, pp. 1482-1488, 
Nov. 2005 

[22] M.-Y. Hsiao and T.-H. S. Li, “Design of interval type-2 fuzzy logic 
controller,” IEEE International Conference on Systems, Man and 
Cybernetics, pp. 4976-4981, Oct. 2006, Taipei, Taiwan. 

                                



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

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


