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Abstract— A method for calculating the coupling inductance of 

active power filters (APFs) is proposed in this paper. The current 

ripple is defined and its relationship with the coupling inductance 

value is deduced based on error analyses. Hence, the lower 

boundary of the inductor value could be determined from the 

current ripple limit. A method to estimate the upper boundary of 

the inductor value is also proposed based on the capability to 

track compensating current reference. It is suggested to select the 

coupling inductor value close to the lower boundary for the APF. 

The upper boundary is used to check if any further improvement 

is needed for getting the balance between tracking speed and 

suppressing current ripple. The converter topology and 

modulation signal scheme are also considered in selecting the 

coupling inductor. Simulation and experimental results are 

provided to show the validity of the proposed method. 

Comparisons with previous methods are also given. The proposed 

method may also work for other inductor-coupled system, such 

as STATCOM. 

Keywords-active power filter, coupling circuits, voltage source 

converter 

I. INTRODUCTION

Active power filters (APFs) are widely used parallel power 
quality compensators for compensating current harmonics, 
reactive current and neutral currents in three-phase four-wire 
systems [1]-[3]. The basic structure of the APF is shown in 
Fig.1. A coupling inductance is connected between the point of 
common coupling (PCC) and the voltage source converter 
(VSC) 

To select a proper coupling inductance is important for the 
APF, since it directly affects the output filtering and harmonic 
tracking capability. The design of coupling inductance was 
based on the capability of compensating reactive current and 
harmonic current in [3]-[5]. The application of this method is 
limited since load characteristics are needed for calculating the 
inductance, which are usually time-varying and sometimes 
unavailable.  

Since only parameters from the APF are needed for 
calculating the inductance, the capability of suppressing output 
current ripple was used more often [3] [6]-[9]. Different 
methods are provided to estimate the inductor value for 
satisfying the current ripple limit. However, there is no clearly 
definition for the current ripple. The relationship between the 

current ripple and inductor value is only roughly estimated 
without error analyses. Hence, the accuracy of the obtained 
results could not be guaranteed. In addition, the effects of the 
converter topology and modulation signals on current ripple are 
overlooked in the past studies.  

When both compensation capability and current ripple limit 
are considered, a range of coupling inductance is obtained [10]. 
However, the obtained upper boundary is frequently smaller 
than the lower boundary by using the method in [10]. 
Simulation tests may provide a straightforward method to 
determine the coupling inductance in the given range, but try-
and-test process is usually time-consuming, especially for the 
beginners in this field. Hence, the method for determining 
coupling inductor of the APF needs to be improved. 

In this paper, design method of the coupling inductance of 
the APF is studied. In session II, the current ripple is defined as 
the maximum difference between the compensating current and 
its reference in a pulse width modulation (PWM) period. The 
method of calculating the minimum coupling inductance to 
satisfy the current ripple limit is deduced based on the error 
analyses. The converter level and modulation signal are also 
considered when the coupling inductance is selected. The 
capability to track compensating current is used to deduce an 
upper boundary of the inductor value. Finally, a method for 
determining the proper coupling inductor of the APF is 
proposed in this session.  In session III, simulation results are 
provided to show the validity and comparisons with previous 
methods are provided. Experimental results are provided in 
session IV. 
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Figure 1. Basic structure of the APF 
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II. METHOD FOR CALCULATING COUPLING INDUCTANCE 

A. Suppress the current ripple  

The coupling inductance of the APF could suppress the 
output current ripple. When the period of the PWM control is 
small enough, the current passing through the coupling 
inductor varies linearly, as given in (1) and illustrated in Fig.2. 
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where vinv is the average output of the inverter in a switching 
period, vS is the voltage at  the PCC, and Ts is the period of 
PWM. 

Figure 2. Current ripple and symmetrical-aligned modulation signal 

When PWM is used to control voltage source converters, 
the output voltage of the VSCs always changes 
discontinuously. For example, the output voltage varies 
between 0 and Vdc_bus for a two-level VSI. As shown in Fig.2, 
the output voltage of the converter varies between two 
neighboring levels to synthesize the reference voltage. The 
average output voltage in each period equals to vinv, as 
expressed in (2).  

SdcSinv DTVTv ⋅=⋅                                            (2) 

Eq. (2) is for two-level VSI and it needs to be revised as (3) 
for a multi-level VSC [11]. It is assumed vinv is in the range of 
Voffset to Voffset +Vdc. Vdc denotes voltage of each level, D is the 
duty ratio and Voffset is integer multiples of Vdc.

       offsetSSdcoffsetSinv VTDDTVVTv ⋅−+⋅+=⋅ )1()(    (3) 

For simplicity, (2) for two-level inverter is used hereinafter. 
However, it can be proved that all the deduced results also 
work for multi-level inverters. The source voltage is assumed 
to be a constant in a period. The current passing through the 
coupling inductor varies like a sawtooth wave. Symmetrical-
aligned modulation signal is selected since it gives the lowest 
current ripple [12]. The current variation in a period is shown 
in Fig.2 and is expressed in (4). 
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According to (2), the 
*IΔ  in (1) and IΔ in (4) are the 

same. Practically, dead-time during the switching, delay in the 
control system and errors in the inductor value generate errors 

between 
*IΔ  and IΔ . They may not match exactly as shown 

in Fig.2. All these factors are overlooked in this paper since 
they are not the main causes of the current ripple. The current 
ripple exists mainly due to the output voltage of the inverter 
changes discontinuously. As shown in Fig.2, the error between 
the compensating current and its reference are two shadowed 
area. Due to the symmetrical properties, the area of the two 
shadowed error area is the same and total error area is 
calculated by (5), 
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where mIΔ  is the change of the APF output current from 0 to 

(1-D)Ts/2, and S
S

m T
D
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v
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=Δ . Combined with (2) and 

(4), (5) could be further revised as: 
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Since D is the duty ratio and varies from 0 to 1, Serror

increases as Vdc increases. According to (7), 
dD

dSerror
 equals 

zero when D=1/2, i.e., the maximum value of Serror occurs 
when D=1/2. 
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Current ripple is defined as (8), which is the maximum 
variation of the output current of the APF from the reference 
current in a period. According to (5), the relationship between 
the error area and current ripple is given in (9). 
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When D=1/2 and the error area achieves the maximum 
value, Iripple is
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If the current ripple is set to be smaller than rIΔ , (11) is 

obtained. 
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In addition, if left-aligned or right-aligned modulation is 
used instead of symmetrical-aligned modulation, the current 
ripple is shown in Fig.3. The error area is calculated by (12) 
and the corresponding current ripple is given in (13).  
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    IDII rripple Δ−Δ=                                           (13) 

When D=1/2, Iripple is

L
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The current ripple is doubled. Hence, the symmetrical-
aligned modulation could reduce the current ripple without 
increasing the switching frequency. It is suggested to be 
adopted in APFs. For multi-level inverter Vdc = Vdc_bus / (Level-
1), and (11) is revised as (15). 
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Finally, (152) is employed for handling coupling inductor 
values in the following discussions. 

B. Current tracking Speed 

When only reactive current is compensated by the APF, the 
system voltage and output current of the APF are expressed as 
(16) and (17).  
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                                                 (16) 
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Figure 3. Current ripple and left-aligned modulation signal 

The slope of the compensating current is (18). 
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dt
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The relationship between the coupling inductor and the 
slope of the compensating current is 

L
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If the maximum value of the current slope in (18) could be 
achieved, the coupling inductor should satisfy (20).  
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    According to (16) and (18), the source voltage reaches its 
peak when the slope of the compensating current reaches the 
maximum value. The voltages across the coupling inductor for 
tracking the maximum current slope of different types of VSC 
are listed in Table I. Vdc_bus is the dc voltage of the inverter and 
Vphase_to_neutral is the root-mean-square (RMS) value of the 
phase-to-neutral voltage at PCC. A factor of two is divided for 
three-leg full bridge inverter and four-leg inverter, since two 
inductors exist in the phase-to-phase circuits. For simplicity, it 

is assumed busdcvSinv Vvv _δ=−  and (21) is obtained.  
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vδ  could be estimated according to Table I, and the typical 

value of 
vδ  is in the range of 0.1~0.3.  

     When reactive current and current harmonics are 
compensated simultaneously by APF, the current slope is 
expressed as:  

dt
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TABLE I. VOLTAGE DROP ACROSS THE INDUCTOR FOR DIFFERENT VSC 

Converter topology 
Sinv vv −

Single-phase VSC 

neutraltophasebusdc VV ___ 2−
Three-phase full bridge VSC 

2/)6( ___ neutraltophasebusdc VV −
Three-leg center-split VSC 

neutraltophasebusdc VV ___ 22/ −
Four-leg VSC 

2/)6( ___ neutraltophasebusdc VV −

1372 2011 6th IEEE Conference on Industrial Electronics and Applications



                                    

Inequality in (24) needs to hold for tracking the maximum 
current slope. 
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The maximum current slope varies with phase shift 
between the harmonic current and reactive current. It is also not 
feasible to include all the harmonics in (24). Practically, the 
simplified version (25) could be used to determine the upper 
boundary of the coupling inductance.  
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Ic is the current rating of the APF and r is suggested to 
select the order of the most significant harmonics in the load 
currents. The value of r could be estimated without measuring 
the load currents. When the loads are mainly home or office 
appliances, which uses single-phase switch mode power 
supply, r should be three. If the load is a three-phase adjustable 
speed drive, r usually selects five. 

C. Method for calculating coupling inductance 

Combining the results of the previous two parts; the range 
of the coupling-inductance of an APF is expressed as (26). The 
detailed explanations for each parameter are given in Table II. 
The lower boundary is totally determined by the APF settings. 
The last two parameters in Table II vary with non-linear loads 
to be compensated and are used for estimating the upper 
boundary. 
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When the final value of the inductor is determined, it is 
suggested to select a value close to the lower boundary. The 
value close to the lower boundary could provide better current 
tracking speed with acceptable current ripples. A smaller 
inductor also reduces the cost. However, it is suggested to still 
test the final value by estimating the upper boundary according 
to (26). In some cases, the obtained upper limit of the inductor 
value is smaller than the lower limit. It indicates conflicts exist 
in the requirement of current tracking speed and suppressing 
current ripple. Some approaches, such as increasing PWM 
frequency and adopting multi-level VSI, could be considered to 
reduce the lower boundary. Another alternative solution is to 
use LC or LCL filter in the coupling circuits [13]. 

TABLE II. PARAMETERS FOR CALCULATING INDUCTOR VALUE

Parameter Explanation Example 

Vdc_bus DC bus voltage of the inverter 200V 

Level The level of the VSI 2 or 3 

fs PWM frequency 5000 

Ic Current rating of the APF (RMS) 5A 

ω Fundamental Frequency 314 

rIΔ Maximum current ripple.  0.5A 

vδ Typical value: 0.1 ~ 0.3  0.2 

r The order of the most significant harmonic 3 

III. SIMULATION RESULTS 

A. Compare coupling inductor values of APF using two-

level VSC 

Simulation models are built by using PSCAD/EMTDC. A 
two-level center-split voltage source converter is first used as 
the main circuit of the active power filter. The system 
configuration is shown in Fig.4. Parameters are listed in Table 
II and root mean square (RMS) value of source voltage Vs is 
55V.  Single-phase rectifiers are used as loads. Hence, the most 
significant harmonics are third order harmonic. In addition, 
symmetrical-aligned scheme is used in PWM method. 

Formula for calculating the coupling inductor in [6][8][10] 
are given in (27)-(29) respectively.  
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where V in (29) is the difference between the source voltage 
and the inverter voltage, which depends on the values of the 
DC link voltage and the modulation index, and 

busdcVV _2.0=Δ is used in this paper.  

The inductor values calculated by different methods are 
listed in Table III. The lower boundary is larger than upper 
boundary when both (26) and (29) are used. However, the error 
in the proposed method is much smaller. Since there is no 
discussion about how to select the inductor value inside the 
given range in [10]. The proposed method is much easier for 
the user to find a proper inductor value. 

The total harmonic distortion (THD) of the load current is 
30.8% and RMS of neutral current is 9.2A before 
compensation. THD of the source current and RMS value of 
neutral current after compensation are listed in Table III.  
Results indicate that the compensating performance is kept 
acceptable when the inductor is selected in the proposed range.  

Figure 4. APF use two-level center-split converter 
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TABLE III. COUPLING INDUCTANCE AND COMPENSATION RESULTS FOR 

THE APF USING TWO-LEVEL INVERTER

Formula L(mH) THD Neutral 

current 

Eq. (17)  Lmin=15 9.7% 3.2A 

Eq. (28)  Lmin=13.3 8.67% 2.8A 

Eq. (29)  Lmin=18 10.7% 3.7A 

Lmax=5.7 6.39% 1.9A 

Eq. (26) Lmin=10 7.04% 2.2A 

Lmax=8.4 6.22% 1.9A 

B. Compare coupling inductor values  of APF using three-

level VSC 

In order to reduce the lower boundary of the inductor value, 
three-level center-split converter is used instead of the two-
level inverter in the APF model. The system configuration is 
shown in Fig.5. The other settings are the same as those given 
in Table II. The lower boundary is reduced to 5mH by using 
the proposed method, as listed in Table IV. Since converter 
topology is not considered in [6][8] and [10], the inductor 
values are the same for these methods.  

The simulation results of the APF using three-level VSC 
are given in Table IV. Results indicate that the proposed 
method could adjust the coupling inductor value according to 
the inverter topology, so that it is more general applicable than 
previous methods. Fig.6 shows the performance of the APF to 
track the compensating current reference for three different 
inductor values. A larger inductor value reduces the current 
tracking speed, while a smaller inductor value increases the 
current ripples. When inductor value is 5mH, the source 
currents are shown in Fig.7, in which the APF begins 
compensation at 0.04s. 

Figure 5. APF use three-level center-split converter 

TABLE IV. COUPLING INDUCTANCE AND COMPENSATION RESULTS FOR 

THE APF USING THREE-LEVEL INVERTER

L(mH) THD Neutral current 

Eq. (17)  Lmin=15 9.4% 3.1A 

Eq. (28)  Lmin=13.3 8.7% 2.8A 

Eq. (29)  Lmin=18 10.6% 3.6A 

Lmax=5.7 6.0% 1.8A 

Eq. (26) Lmin=5 5.43% 1.6A 

Lmax=8.4 6.15% 1.9A 

Figure 6. Output current and reference current of the APF using three-level 

inverter 

Figure 7. Source current when L=5mH 

IV. EXPERIMENTAL RESULTS

A three-phase four-wire APF prototype is built, in which a 
three-level center-split VSC is used. The system configuration 
is shown in Fig.5. The parameters in Table I are used and 
coupling inductor is 5mH. The source current before 
compensation and after compensation together with the source 
voltage are shown in Fig.8. The corresponding parameters are 
listed in Table V. 

Figure 8. Experimental results 
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TABLE V. COMPENSATION PERFORMANCE

THD Power 

Factor 

Displacement 

Power factor 

Load Current  25.3% 0.84 0.89 

Source Current  6.5% 0.98 1 

V. CONCLUSIONS 

A method for calculating the range of the coupling 
inductance of active power filters is proposed in this paper. The 
inductor value is suggested to select near the lower boundary, 
which is calculated according to the current ripple limit. The 
upper boundary is estimated according to compensation 
requirements, which could be used to decide if any further 
improvement is needed for reducing the current ripple. 
Simulation and experimental results are provided to show its 
validity. Comparisons with other methods are also provided. 
Results indicate that the proposed method has better accuracy 
and is more general applicable in selecting the coupling 
inductor of the APFs. 

ACKNOWLEDGMENT

The authors would like to thank the Science and 
Technology Development Fund, Macao SAR Government and 
University of Macau for their financial support.  

REFERENCES

[1] H. Akagi, “New trends in active filters for power conditioning”, IEEE 
trans. Industry Applications, vol. 32, no.6, pp. 1312-1322, Nov. 1996. 

[2] Ning-Yi Dai, Man-Chung Wong, Ying-Duo Han, “Application of a 
Three-level NPC Inverter as a 3-Phase 4-Wire Power Quality 
Compensator by Generalized 3DSVM”, IEEE Trans. Power Electro.,
vol.21,no.2, pp.440-449, March 2006. 

[3] A. Chaoui, J.P. Gaubert, et.al., “On the design of shunt active filter for 
improving power quality”, in Proc.IEEE Industrial Electronics 
symposium ( ISIE 2008), pp. 31-37. 

[4] S. J. Chiang, J.M. Chang, “Design and Implementation of the 
parallelable active power filter,” in Proc .IEEE 30th Power Electro. 
Spec. Conf. (PESC 99), vol. 1, June/July 1999, pp. 406-411. 

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

[6] A. Cavini, F. Ronchi, , A. Tilli, “Four-wires shunt active filters: 
optimized design methodology”, in Proc. 2003 IEEE Ind. Electron. Soc. 
(IECON), vol.3, pp. 2288-2293.  . 

[7] S. Ponnaluri, A. Brickwedde, “System Design of Three phase Active 
filters using Time domain techniques,” in Proc EPE. Power Electronics 
In Generation, Transmission And Distribution Of Electrical Energy . 
Graz, Austria .2001. 

[8] F. Ronchi, , A. Tilli, “Design Methodology for shunt active filters” in 
Proc. EPEEPMC, 10th International Power Electronics and Motion 
Contral Conference, Croatia, 2002. 

[9] L.A. Moran, J.W. Dixon, R.R. Wallace,” A three-phase active power 
filter operating with fixed switching frequency for reactive power and 
current harmonic compensation”, IEEE Trans. Industry Electronics,
vol.42, no.4, pp.402-408, Aug. 1995. 

[10] H. J. Azevedo, J. M. Ferreira, A. P. Martins and A.S. Carvalho, “Direct 
current control of an active power filter for harmonic elimination, power 
factor correction and load unbalancing compensation” in Proc. EPE, 
power electronics in generation, transmission and distribution of 
electrical energy,Toulouse,2003. 

[11] Ning-Yi Dai, Man-Chung Wong, Ng Fan, Ying-Duo Han, “A FPGA-
based Generalized Pulse Width Modulator for Three-leg Centre-split and 
Four-leg Voltage Source Inverters”, IEEE Trans. Power Electron.,
vol.23, no.3, pp. 1472-1484, May 2008.     

[12] R. Zhang, V. Himamshu Prasad, D. Boroyevich, and F. C. Lee, “Three 
dimensional space vector modulation for four-leg voltage-source 
converters,” IEEE Trans Power Electron., vol. 17, no. 3, pp. 314–326, 
May 2002. 

[13] O. Vodyakho, C. C. Mi, “Three-level Inverter-based shunt active power 
filter in three-phase three-wire and four-wire systems”, IEEE Trans. 
Power Electron., vol.24, no.5, pp.1350-1363, May 2009. 

2011 6th IEEE Conference on Industrial Electronics and Applications 1375



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

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


