
Study on DC Voltage Control of Hybrid Active Power 

Filters 

Xiao-Xi Cui, Chi-Seng Lam, Ning-Yi Dai, Wai-Hei Choi, Man-Chung Wong 

Department of Electrical and Electronics Engineering 

University of Macau 

Macau, SAR, P. R. China 

sunstarcxx@msn.com 

Abstract—This paper presents a DC voltage control analysis for 

hybrid active power filters (HAPF) under current-mode control 

scheme. Based on the analysis, it is clearly shown that adding the 

instantaneous DC voltage control signal as a reactive control 

parameter is more effective than adding the signal as an active 

control parameter for the DC voltage control. A control strategy 

is introduced to improve the performance of DC voltage control 

during start-up process. Finally, simulation results are given to 

verify the correctness of the DC voltage control analysis and 

illustrate the advantages of the control strategy for the start-up 

process.

Keywords-hybrid acitve power filters; DC voltage control; start-

up process 

I. INTRODUCTION

Due to the proliferation and development of power 
electronics equipments (nonlinear loads) in utility power 
system, the power quality problems such as reactive power, 
current harmonics and neutral current in power system are 
deteriorated [1]–[2]. These power quality problems may affect 
the safety operation and increase the loss of the power grid and 
electrical equipments. In order to solve the power quality 
problems, power filters are widely used. Passive filter (PF) has 
been widely applied to suppress current harmonics and improve 
power factor due to its low cost and simplicity. However, it has 
some drawbacks such as resonance problems, low dynamic 
response, dependent filtering characteristics, etc. [3]–[4]. 
Active power filter (APF) can overcome the above mentioned 
drawbacks inherent in PF, but the initial and running costs of 
the APF are much higher than the PF [5]–[6], Therefore, it 
comes up with a hybrid active power filter (HAPF), which 
combines the advantages of PF and APF, and it is characterized 
by low cost and good performance [7]–[8].  

For the conventional APF, when the APF works under 
current-mode control scheme, the DC voltage control is done 
by adding the dc voltage control signal to the compensation 
current as an active component. For the DC voltage control of 
HAPF, when the HAPF works under voltage-mode control, the 
DC voltage control is usually done by adding the dc voltage 

control signal as a reactive voltage component at the output 
voltage of inverter [9]–[10]. Up to now, there are seldom 
research works investigating the DC voltage control of a HAPF 
under current-mode control. Due to the fact that current-mode 
control is simple, easy to realize and less dependent on filter 
structure, analyzing DC voltage control under current-mode 
control is necessary. Moreover, if the HAPF DC voltage start-
up process is done by conventional PI control, a long charging 
time and large overshoot may be as a consequence. In order to 
shorten the charging time and reduce the overshoot, a smooth 
start-up process is preferable, as the long charging time and 
large overshoot will affect the compensation performance and 
costs of the HAPF. 

In this paper, the DC voltage control scheme of the HAPF 
under current-mode is studied and analyzed. Based on the 
analysis, it is found that adding the DC voltage control signal 
as a reactive component is more effective for control the DC 
voltage, compared with adding the DC signal as an active 
control parameter. To improve the performance of DC voltage 
control during the start-up process, a control strategy is 
introduced for getting a faster and smoother DC voltage control 
than the conventional PI control method. This paper is arranged 
into four main sections. In Section II, two DC voltage control 
methods of the HAPF are presented and analyzed under 
current-mode scheme, a start-up process with reducing the DC 
voltage control overshoot and charging time is introduced in 
Section III. Finally simulation results are shown to verify the 
DC voltage control scheme and all the analysis. 

II. DC VOLTAGE CONTROL ANALYSIS UNDER CURRENT 

CONTROLLED HYBRID ACTIVE POWER FILTERS

A. Structure of current-mode control HAPF 

A simplified HAPF structure is shown in Fig. 1. It consists 
of a coupling inductance Lc and capacitance Cc set and an 
inverter with a DC capacitance. us is the source voltage, uL is 
the load voltage, uinv is the output voltage of inverter, is is the 
source current, iL is the load current, ic is the compensation 
current. 
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The following analyses are all based on fundamental 
frequency in which harmonic components are not considered. 
Consider the power of the source, load and HAPF, there is: 

cpLLpLsps

HAPFLs

iuiuiu

PPP

+=

+=
                               (1) 

where Ps, PL and PHAPF are the active power of the source, load 
and HAPF respectively, isp, icp and iLp are the active 
components of is, ic and iL. Since HAPF is constructed by 
passive part and active part, thus, the active power changing of 

HAPF ΔPHAPF can be expressed as: 

invPFHAPF PPP Δ+Δ=Δ                            (2) 

In HAPF, the internal resistance of the passive part is 

usually small, which can be neglected, so ΔPPF≅0, and the 
changing active power can only deliver into the inverter for 
supporting the power losses of switching devices (IGBT) and 
the interchanging power of DC bus voltage. The active power 

changing of HAPF ΔPHAPF can be rewritten as: 

lossdcinvHAPF PPPP Δ+Δ=Δ=Δ                    (3) 

From (3), it can be shown that the change in active power of 

HAPF ΔPHAPF, contributed by the sum of switching power 

losses ΔPloss, and the active power change in DC-link ΔPdc.

ΔPloss and ΔPdc can also be expressed as:  
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where Δicp_loss and Δicp_dc are the active changing currents for 
switching losses and DC bus voltage control respectively. 
According to (4), since uL is constant, the active power change 

in DC-link ΔPdc, only relates to the changing current Δicp_dc.

Since this current-mode control scheme is based on an ideal 
hysteresis PWM control, the hysteresis band is set zero and the 
inverter voltage can be expressed as: 
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where ic
*
 is the instantaneous reference compensation current, 

ic is the instantaneous compensation current. From (5), the 
instantaneous inverter output voltage uinv can also be written as: 

Figure 1. Simplified hybrid active power filter 

))(( *
ccinv iitfu −=                                 (6)

From (6), f(t) is a nonlinear function and represents the 
relationship between uinv and ic

*-ic. According to hysteresis 
PWM control scheme, uinv=udc when ic

*-ic>0; uinv=-udc when ic
*-

ic<0, therefore it yields f(t)>0.  

For the instantaneous compensation current ic,

cqcpc iii +=                                      (7)

where icp and icq are the active and reactive component of ic

respectively. If the instantaneous terminal voltage is assumed 

as ULcos(ωkT), the active component icp and reactive 

component icq can be expressed as Icpcos(ωkT) and Icqsin(ωkT).
Thus, the instantaneous compensation current ic at kT time can 
be rewritten as: 

( ) ( )kTIkTIi cqcpc ωω sincos +=                   (8) 

where ω=2πf is the fundamental frequency, T is the sampling 
time, k is the discrete sequence with k=0,1,2,3…n.

B. Adding the DC voltage control signal as an active 
component 

When the DC voltage control signal is added as an active 
component under current-mode control scheme, the control 
strategy can be shown in Fig. 2. From Fig. 2, C2 and C1

-1 are 
the matrixes listed in section III. udc is the instantaneous DC 

voltage, udc
* is the instantaneous reference DC voltage, Δ�idc

is the DC voltage control signal. 

For adding the DC voltage control signal to the active part 

of ic
*, ic

* at next sampling time (k+1)T can be written as: 

))1(sin())1(cos()(* TkITkiIi cqdccpc +++Δ+= ωω     (9) 

Substituting (9) and (8) into (6), the instantaneous output 
voltage of inverter uinv becomes: 

]))1(cos()[( HTkitfu dcinv ++Δ= ω                   (10) 

where H represents those parameters that are not related with 

Δ�idc and H=Icp[cos(ω(k+1)T)-cos(ωkT)]+Icq[sin(ω(k+1)T)-

cos(ωkT)]. 

According to (10) and (8), the instantaneous apparent 
power of inverter Sinv is: 
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The instantaneous changing apparent power caused by 

adding Δ�idc is: 
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Neglect the instantaneous apparent power which is in cycle, 
the instantaneous changing active power caused by adding 

Δ�idc is:  
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Substitutes (13) into (4), the active changing current Δicp_dc

for DC bus voltage control can be written as: 
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From (13) and (14), ω and T are constants, T is assumed 

close to zero due to high sampling frequency (T≅0), therefore, 

cos(ωT)≅1 sin(ωT)≅0. Both the active power Pdc and the active 

current component Δicp_dc of DC-link are functions of Δ�idc

and Icp. Moreover, since Icp is dependent on the inverter 

characteristic, so that Δ�idc is the only control signal for DC 
bus voltage control. Therefore, adding the DC voltage control 
signal as an instantaneous active component is possible to 
control the DC voltage when the HAPF works on current-
mode. 

C. Adding the DC voltage control signal as a  reactive 

component 

 When the DC voltage control signal is added as an 
instantaneous reactive component under current-mode control 
scheme, as shown in Fig. 3. From Fig. 3, C2 and C1

-1 are the 
same matrixes as shown in Fig. 2. This current-mode control 
scheme is also based on hysteresis PWM control. Therefore, 
uinv and ic can still be expressed as (6) and (8).  In this part, the 
DC voltage control signal is added to the instantaneous reactive 
part of ic

*, which can be expressed as: 

))1(sin()())1(cos(* TkiITkIi dccqcpc +Δ+++= ωω (15) 

Substituting (15) and (8) into (6), the instantaneous output 
voltage of inverter uinv can be expressed as: 

]))1(sin()[( HTkitfu dcinv ++Δ= ω                    (16) 

where H represents those parameters that are not related with 

Δ�idc, and has the same expression as shown in (10). 

 According to (16) and (8), the instantaneous apparent 
power of inverter Sinv is: 
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The instantaneous changing apparent power caused by 

adding Δ�idc is: 
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Figure 2.  Current-mode control scheme with DC voltage control signal is 

added as an instantaneous active component 

Figure 3.  Current-mode control scheme with DC voltage  control signal is 

added as an instantaneous reactive component 

Neglect the instantaneous apparent power which is in cycle, 
the instantaneous changing active power caused by adding 

Δ�idc is:  
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Substitute (19) into (4), the active changing currents Δicp_dc

for control DC bus voltage can be written as: 
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Similar as part B, ω and T are constants, T is very small 

(T≅0). Icq is dependent on the load characteristic. It can also be 
deduced that the DC voltage of HAPF can only be controlled 

by Δ�idc. Therefore, adding the DC voltage control signal as an 
instantaneous reactive component is possible to control the DC 
voltage when the HAPF works on current-mode. 

D. Comparison 

Table I summarizes the analysis results of two DC voltage 
control strategies. From Table I, when the DC voltage control 

signal Δ�idc is the same for the two DC voltage control 
strategies, adding the DC voltage control signal as an 
instantaneous reactive component is more effective than adding 
the signal as an active component due to the reactive current Icq 

is always larger than the active current Icp in HAPF. This is 
because HAPF aims at compensating reactive power and 
current harmonics. In order to have an effective DC voltage 
control, DC voltage control signal should be added as an 
instantaneous reactive component to the reference 
compensating current ic

*.
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III. CONTROL OF THE HYBRID ACTIVE POWER FILTERS 

WITH DC VOLTAGE AND START-UP CONSIDERATION

The three-phase four-wire structure of the HAPF and its 
compensation control algorithm are shown in Fig. 4 and Fig. 5 
respectively. From Fig. 5, Pdc is the DC voltage control signal. 
ia, ib and ic are the three-phase load currents, Ua, Ub and Uc are 
the three-phase source voltages. Udc

* is the DC capacitor 
reference voltage and Udc is the DC capacitor voltage. C1

shown in (21) is a matrix that transforms abc coordinate 

into αβ0 coordinate. C1
-1 shown in (22) is the inverse matrix of 

C1. C2 shown in (23) is a matrix to transform the power into 

current in αβ0 coordinate. According to (23), the currents in 

αβ0 coordinate can be calculated as in (24). C3 shown in (25) 

is the matrix to calculate the fundamental active current in αβ0

coordinate. From (25), the fundamental active currents in αβ0
coordinate can be calculated by (26). T1 is a square sum 
process. 
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TABLE I. ANALYSIS RESULTS OF TWO DC VOLTAGE CONTROL 

STRATEGIES BASED ON CURRENT-MODE

DC control 

signal

Controllable 

signal

Controlled active 

power

Controlled active 

current 

active current iLfp ( ) cpdcIitf Δ
2

1 ( )

L

cpdc

u

Iitf Δ
2

1

reactive current iLfq ( ) cqdcIitf Δ
2

1 ( )

L

cqdc

u

Iitf Δ
2

1

Figure 4. Structure of three-phase four-wire HAPF 

Figure 5. Compensation control algorithm of HAPF 
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To calculate uα, uβ, u0 and uαβ are shown in [11]. From (24), 
when the DC voltage is added as an instantaneous active 

component, pαβ equals to the DC voltage control signal, Pdc and 

p0 qαβ equal to zero. When the DC voltage control signal is 

added as an instantaneous reactive component, qαβ equal to the 

DC voltage control signal Pdc and p0, pαβ equal to zero. 

From Fig. 5, the DC voltage is controlled by a PI controller. 
If the HAPF connects to the system with initial DC voltage 
equal to zero, a long settling time and large overshoot may 
occur due to the characteristics of PI control. When there is no 
special control strategy during start-up process, the error 
between Udc

* and Udc is the maximum at the beginning, that 
causes a large error accumulation before the voltage reaches the 
reference voltage. Due to the large error accumulation, the PI 
controller will cause a large overshoot and long settling time. 
To avoid those drawbacks, a control strategy for start-up 
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process is introduced, in which the block diagram of the start-
up process is shown in Fig. 6. 

During the start-up process, all the IGBTs are forced to turn 
off to let the anti-parallel diodes act as a three-phase 
uncontrollable rectifier. Under the rectification circuit, the DC 
capacitor will be quickly charged. Once the DC voltage reaches 
its reference voltage value, the compensation with DC voltage 
control algorithm starts, therefore, the initial value of Udc is 
close to Udc

*, the large overshoot and long settling time can be 
avoided. 

IV. SIMULATION RESULTS

Simulations are done by PSCAD. The simulation load 
model is shown in Fig. 7, and the system parameters of HAPF 
are summarized in Table II, Ln is the neutral line inductance 
and Udc

* is the reference DC voltage. 

Fig. 8 (a) shows the charging process of the DC bus voltage 
by adding the control signal as an active component, from Fig. 
8 (a), during 0 to 0.2s the HAPF disconnects with the power 
system. At 0.2s the HAPF is connected to operate with DC 
voltage PI control and compensation control operation. At 
1.25s the DC voltage is charged to the reference voltage, it 
takes 1.05s after the HAPF connects to the power system. At 
3.9s the DC bus voltage operates in steady state, it takes 2.65s 
after the DC bus voltage charged to the reference voltage. 
During this voltage charging process, the maximum voltage 
overshoot is 33.3V. Fig. 8 (b) shows the charging control 
process of the DC bus voltage by adding the control signal as a 
reactive component when the HAPF works on current-mode 
control scheme. From Fig. 8 (b), during 0 to 0.2s the HAPF 
disconnects with the power system. At 0.2s the HAPF is 
connected to the power system with DC voltage PI control and 
compensation control operation. At 0.36s the DC voltage is 
charged to the reference voltage, it takes 0.16s after the HAPF 
is connected to the power system. At 1.5s the DC voltage goes 
to a steady state, it takes 1.14s after the DC voltage is charged 
to the reference voltage. During this voltage charging process, 
the maximum voltage overshoot is 6.3V. Comparing the 
charging time, settling time and overshoot of the two control 
strategies, the results are summarized in Table III. From Table 

III adding the DC voltage control signal as a reactive 

component is more effective for the DC voltage control than 
that of adding as an active component. 

To improve the performance of DC voltage control when 
the DC voltage is controlled by the reactive component, a start-
up control strategy is added, the simulation result is shown in 
Fig. 9. From Fig. 9, before 0.2s the HAPF disconnects with the 
system, at 0.2s the HAPF is connected to the system and all the 
IGBTs are forced to turn off to become a rectification circuit. 
At 0.36s the DC voltage is charged to the reference voltage. In 
order to clearly show the DC voltage control results, the 
reference voltage will be hold until 0.6s. At 0.6s the DC 
voltage PI control and compensation control will be operated. 
Compared with the DC voltage control under reactive 
component but without start-up process, the results are 

summarized in Table IV. From Table IV it is clearly shown 

that the advantages of the additional start-up control strategy.   

Fig. 10 shows the three-phase source current and neutral 
current before and after compensation, the compensation 
results are summarized in Table V. All the compensation 
results are satisfied with IEC and IEEE standards. 

TABLE II. HAPF SYSTEM PARAMETERS FOR SIMULATION

US Cc Lc Ln

220 V 81 uf 0.005 h 0.002 h

RL CL LL U*
dc

26 omh 200 uf 0.03 h 30 V

TABLE III. COMPARISON RESULTS BETWEEN DIFFERENT DC CONTROL 

COMPONENTS

DC control 

component 
Charging time Settling time 

Maximum 

Overshoot 

Active 

component 
1.05 s 2.65 s 33.3 V

Reactive 

component 
0.16 s 1.14 s 6.3 V

TABLE IV. DC VOLTAGE CONTROL RESULTS WITH AND WITHOUT 

START-UP PROCESS

DC control 

component 

With start-

up  process 

Charging 

time 

Settling 

time 

Maximum 

Overshoot 

Reactive 
component 

NO 0.16 s 1.14 s 6.3 V

Reactive 

component 
YES 0.16 s 0 s 0 V

TABLE V. SIMULATION RESULTS FOR HAPF 

Before compensation After compensation 

Power factor THD Power factor THD 

0.83 29.48 0.99 3.57 

Figure 6. Block diagram of start-up process 
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Figure 7. Load model for simulation 
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(a) DC voltage control (acitve component)
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(b) DC voltage control (reacitve component) 

Figure 8. DC voltage control with PI controller 
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Figure 9. DC voltage control with start-up control and PI controller 
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Figure 10. Source and netural currents before and after compensation 

V. CONCULATIONS

This paper analyzes the DC voltage control when the HAPF 
is operating under current-mode control scheme. After the 
theoretical analysis and simulation results, adding the DC 
voltage control signal to the reactive part of the reference 
compensating current is concluded to be more effective than 
adding the signal to the active part. In order to reduce the 
overshoot and long settling time for the PI control during the 
start-up process, a start-up control strategy is introduced. 
Finally, simulation results are given to verify all the DC voltage 
control analysis and to show the advantages of the presented 
control strategy over the PI control during the start-up process.  

Acknowledgment 

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

REFRERNCES

[1] S. M. Williams, G.T.Brownfield, and J. W. Duffus, “Harmonic 
propagation on an electric distribution system: field measurements 
compared with computer simulation,” IEEE Trans. on Power Delivery,
vol. 8, no. 2, pp.547-552, April 1993. 

[2] S. Lee and C. Wu, “On-Line Reactive Power Compensation Schemes for 
Unbalanced Three Phase Four Wire Distribution Feeders,” IEEE Trans. 
on Power  Delivery, vol. 8, no. 4, pp. 1958-1965, October 1994. 

[3] H. Fujita, T. Yamasaki, H. Akagi, “A hybrid active filters for damping 
of harmonic resonce  in industrial power system,” IEEE Trans. on Power 
Electrics, vol 15, issue. 2, pp. 215-222, 2000.. 

[4] F.Z. Peng, H. Akagi, A. Nanbe, “A new approach to harmonic 
compensation in power systems- A combined system of shunt passive 
and series active filters,” IEEE Trans. on Ind. Appt, vol. 26, pp. 983-990, 
november 1990. 

[5] D. Rivas, L. Moran, J. W. Dixon, J. R. Espinoza, “Improving passive 
filter compensation performance with acitve techniques,” IEEE Trans. 
on Industrial Electronics, vol. 50, pp. 161-170, Febrary 2003. 

[6] B. Singh, K. Al-Haddad, A. Chandra, “A review  of active filters for 
power quality improvement,” IEEE Trans. on Industrial Electronics, vol. 
46, no. 5, pp. 960-971, Octomber 1999. 

[7] H. –L.Jou, J. –C. Wu, K. –D. Wu, “Parallel operation of  passive power 
filter and hybrid power filter for harmonic suppression,” IEEE Trans. on 
Generation, Transmission and Distribution, Vol. 148, pp. 8-14, 2001. 

[8] M. Rastogi, N. Mohan, A.-A Edris, “Hybrid-active filteing of harmonic 
currents in power systems,” IEEE Trans. on Power Delivery, vol. 10, 
Issue. 4, pp.1994-2000, 1995. 

[9] H. Akagi, “Active harmonic filters,” Proceeding of the IEEE, vol. 93, 
issue. 12, pp. 2128-2141, 2005. 

[10] R. Inzunza, H. Akagi, “A 6.6-kV transformerless shunt hybrid active 
filter for installation on a power distribution system,” IEEE Trans. on 
Power Electronics, vol. 20, pp. 893-900, July 2005. 

[11] Herrera, R.S, Salmeron, P, “Present point of view about the 
instantaneous reactive power theory,” IEEE Trans. on Power Electronics,
vol. 2, issue. 5, pp. 484-495, 2009. 

        

       

2011 6th IEEE Conference on Industrial Electronics and Applications 861



<<
  /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


