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Abstract—Decoupled double synchronous reference frame
Phase-locked loop (DDSRF-PLL) is able to detect the phase angle
of positive sequence when the three-phase voltages are
unbalanced and distorted. In this paper, it is applied to the
compensation current detection algorithm of shunt active power
filter (SAPF) to replace a conventional PLL. Simulation results
indicate that the compensation performance could be improved
under voltage unbalance and distortion. Besides, DDSRF-PLL
implemented on one field-programmable gate array (FPGA) chip
is proposed. When compared with widely used digital signal
processors (DSPs) in power control, FPGA the proposed
structure has the advantages of parallel processing and rich user-
defined I/O ports so that it exhibits processing efficiency and
flexibility in application.

Keywords-Decoupled double synchronous reference frame
Phase-locked loop (DDSRF-PLL); shunt active power filter
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L INTRODUCTION

In Three-Phase systems PLLs can be adopted in the
compensation current detection algorithm of shunt active
power filter (SAPF) [1]-[3] if the instantaneous phase angle of
positive sequence is wanted. Without considering harmonics in
source voltages, the phase A is always in phase with the a
component of Three-Phase source voltages. And, when these
are balanced, the o component will be in phase with the
positive sequence. In conventional three-phase PLLs [4]-[6]
and single-phase PLLs [7]-[9], the phase-lock is believed to be
in phase with that oo component. However, the o component
will not be in phase with the positive sequence when the source
voltages are unbalanced. In order to guarantee that the detected
results are accurate conventional PLLs should be replaced.

This work proves that the DDSRF-PLL [10][11] can be
applied in the compensation current detection algorithm of
SAPF in the wunbalanced case and it introduces its
implementation on a FPGA chip. DSP is widely utilized as the
control device in traditional power systems [12][13], but its
processing efficiency is limited by small capability and
flexibility. The proposed FPGA-based DDSRF-PLL exhibits
the advantages of a FPGA system, which can realize parallel
processing for efficiency improvement, and enhancement of
connectivity through the rich user-defined I/O ports between
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sub-systems. Furthermore, the FPGA-based system can be
further developed as an application specific integrated circuit
(ASIC) to be embedded in the control system of different
applications. In this paper, the operation principles of
compensation current detection algorithm and DDSRF-PLL are
introduced in section II. In order to verify the influence of
DDSRF-PLL and conventional PLL in compensation,
corresponding simulation results are provided in section III.
The implementation of DDSRF-PLL on FPGA is discussed in
section V. Experimental verification will be given in section

V.

II.  OPERATION PRINCIPLES

The typical compensation current detection algorithm
using PLL is SRF method. And SRF-PLL is adopted. However,
such conventional PLL is not applicable in unbalanced case.
SRF method could be used in both balanced and unbalanced
cases if only conventional PLL is replaced by DDSRF-PLL.

A.  SRF method

The block of SRF method is shown in Fig. 1. Load currents
in dq reference frame are calculated by
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Figure 1. Block diagram of SRF method with SRF-PLL
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The positive-sequence components of load currents are
changed into the dc components of iz and ig. The rest
components, such as negative sequence and harmonics, are
transformed to the ac components of iy and i, When this
compensation current detection algorithm provides a full
compensation, only the dc component of iy should be held. And
the dc component is extracted by a low-pass filter (LPF). Thus,
the compensation currents are obtained by
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Based on (1) and (4), the detected compensation currents
would be accurate as soon as the instantaneous phase angle in
the transformation matrixes is in phase with positive sequence.

In other words, the precision of this compensation current
detection algorithm is determined by the PLL.

B. DDSRF-PLL

The expression of the fundamental voltage vector on the aff
reference frame is defined as

B

v [cos(a)t)} . {cos(— o+ )} o)

sin(ar) sin(-ar+¢.)

The superscript +1 and -1 define coefficients of the positive
and negative sequence components, respectively. The voltage
vector in off reference frame consists of two sub-vectors: Vg,
rotating with a positive angular frequency ®, and V;, rotating
with a negative angular frequency —o.

VAD(
Vi(ap) = v =Vi(apyet T V(a1

The double SRF is composed of two rotating reference
frames: dq+1, rotating with the positive direction and whose
angular positive is 0’, and dg-1, rotating with the negative
direction and whose angular positive is -0'. The block diagram
of DDSRF-PLL is shown in Fig. 2. If the vector in of} reference
frame is expressed in the double SRF, (6) and (7) are obtained.
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Figure 2. Block diagram of DDSRF-PLL
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The harmonics in source voltages could be restrained by
PLL. Based on the small signal analysis, 0’ is believed to be
equal to the phase ot when the phase is locked. Equations (6)
and (7) should be rewritten as (9) and (10), respectively. And
the q component in (9) should be equal to zero as conventional
ones if the oscillation with 2w frequency is not included.
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And decoupling network is adopted to cancel the
oscillations with 20 frequency and improve dynamic response.
Detailed introduction to the DC is given in [10][11].

III. APPLICATION OF CONVENITIONAL SRF-PLL AND
DDDSRF-PLL IN THREE-PHASE FOUR-WIRE SAPF

A three-phase four-wire compensation system, shown in
Fig. 3, is simulated by using PSCAD/EMTDC. The main
circuit of the SAPF is a two-level four-leg voltage source
inverter (VSI). Its control system, shown in Fig. 4, consists of 4
parts. The compensation current detection algorithm is SRF
method. Calculation of reference voltages in [14] and 3D direct
PWM method in [15] are adopted in the control system. In
order to test the compensation performance, SRF-PLL and
DDSRF-PLL are used in the compensation current detection
algorithm, respectively.
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Figure 3. Three-phase four-wire compensation system
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Figure 4. Block diagram of control system in SAPF

The waveforms of three-phase source voltages in the
compensation system are given in Fig. 5. They are unbalanced
and contain harmonics. And the loads are nonlinear and
unbalanced. The waveforms of load currents are shown in Fig.
6. Corresponding power factor (PF), total harmonic distortion
(THD) and root mean square (RMS) value of neutral current
are listed in Table 1 . If the SAPF does not provide
compensation to the system, the source currents would be the
same as the load currents. Reactive current, current harmonics
and neutral current is necessary to be compensated. When
SRF-PLL and DDSRF-PLL are respectively adopted and the
SAPF provides full compensation, the waveforms of
compensated source currents are exhibited in Figs. 7 and 8.
Corresponding parameters of source currents, such as PF, THD
and RMS value of neutral current after compensation are also
listed in Table I .
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Source Voltages (V)

0.900 0.920 0.940 0.960 0.980 1.000
Figure 5. Source voltages
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Load Currents (A)

0.900 0.920 0.940 0.960 0.980 1.000

Compensated Source Currents (&)

0.900 0.920 0.840 0.960 0.980 1.000

Figure 7. Compensated source currents using conventional SRF-PLL

£ ompensated Source Currents (A)

0.500 0.920 0.540 0.560 0.3%0 1.000

Figure 8. Compensated source currents using DDSRF-PLL

TABLE L SIMULATION RESULTS
Load Source Currents
Currents SRF-PLL | DDSRF-PLL
A 0.903 0.997 0.999
PF B 0.952 0.999 0.999
C 0.999 0.999 0.999
A 25.45% 14.30% 8.68%
THD B 43.67% 10.63% 7.60%
C 42.70% 10.25% 7.22%
Neutral 4.7A 0.9A 1.0A

The simulation results in Table [ indicate reactive current,
currents harmonics and neutral current are compensated. And
the comparison between SRF-PLL and DDSRF-PLL proves
the analysis in previous section. DDSRF-PLL could provide
accurate phase of positive sequence so that the SAPF could
provide accurate compensation in unbalanced case. Therefore,
DDSRF-PLL is more advisable than conventional one in
improving source currents.

IV. DDSRF-PLL IMPLEMENTATION

The chip selected is XC3SD1800A-4FGG676C Spartan-3A
DSP FPGA which is provided by XILINX Company. It
contains rich hardware resource and clock source. In the
designed digital system, sampling frequency is 5 KHz while
global clock is 125 MHz. And there are 4 main blocks which
are discussed in the following sections. They are LPFs, loop
filter (LF), voltage-controlled oscillator (VCO) and look-up
table (LUT).

A. LPFs

The LPFs are included in the decoupling network to extract
dc components. In order to keep all the outputs of the LPFs be
synchronized, the 4 LPFs are identical each other. And the
coefficients of the LPFs are obtained by Filter Design
&Analysis Tool in MATLAB.

The harmonics in power system are determined by the odd-
order components. The characteristic results in harmonics,
which should be restrained by the LPFs, are the components
with the angular frequencies such as 2w, 40, 60 and so on.
Furthermore, it is necessary to make a compromise between
dynamic response and attention of the LPF. Therefore, first-
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order LPF which cut-off frequency is 40Hz is adopted for the
all digital system. And butterworth infinite impulse response
(IIR) LPF is chosen in the design. The transfer function of the
designed LPF is given as

-1
H(Z)Z 0.0245-}-040247?2 . (11)
1-0.9510z

The step response shown in Fig. 9 indicates designed LPF
has good dynamic response. The coefficients in (11) would be
expressed by 16 bits and Q15 format in digital system.

B. LF

The LF is a proportion integral control. And the two
processing are parallel. The integral operation is emphasized
herein. In discrete system, it is approximated by

Tz/(z-1). (12)

T is the sampled period 0.0002s. And this integral operation is
implemented by an adder, a multiplier and a register as shown
in Fig. 10.

In LF, the constants K; and K, have a relationship for
optimum transient response in conventional SRF-PLL as

£=05K,/\K, =0.707. (13)

Step Response

Amplitude

Time (mseconds)

Figure 9. Step response of designed LPF
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Figure 10. Block diagram of integral operation
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Low Ki would improve the performance of noise rejection,
but dynamic response would be weakened [16]. And this
characteristic is also applicable in DDSRF-PLL. Constants Ki=
(35m)* and Kp=1.414x35m are chosen for the PLL system. Fig.
11 shows the bit width and format defined in the LF. Since
enough bit width is provided, overflow does not occur.

C. Vco

VCO is also an integral operation, essentially. However, the
bit width is finite. If the integral operation in VCO is not
modified, overflow must occur. Considering the VCO’s output
is phase angle, it is periodic which period is 2. This
characteristic could be applied in the modification. The integral
operation in VCO should be reset as soon as its output larger
than or equal to 2m. A comparison processing should be added.
Thus, VCO’s output would be periodic. The detailed block
diagram of modified integral operation is given in Fig. 12.
Corresponding bit width and format could also be read directly.

D. LUT

LUT is usually adopted in digital system to retrieve the
closet sine or cosine value from a memory address. Sine or
cosine value is stored in a ROM beforehand. In all digital PLL
system, the VCO’s output is the phase angle. The PLL’s
outputs are corresponding sine and cosine values rather than
the phase angle. The VCO provides instantaneous phase to the
LUT. Then, the LUT generates corresponding sine and cosine
values.

Integral Operation

L> 18b/Q15 |

| Add
> L
I

Register

20b/Q15

Multi

16b/Q15 |

17b/Q15

Proportional Operation

24b/Q15
Add 4Q>

Figure 11. Block diagram of LF
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Figure 12. Block diagram of modified integral operation in VCO
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If a LUT has n bits address, there are 2" points in one period
0.02s. The difficulty is how to associate instantaneous phase
angle 0 with the LUT’s address. For the m points LUT, the
range [0, 2n) is distributed into m areas with same width. So
each width is 2n/m. The first area is in the range [0, 2n/m), the
second area is in the range [2n/m, 47/m) and so on. The area on
which the instantaneous phase angle 0 is located is associated
with corresponding sine or cosine value. For instance, the
instantaneous phase angle 0 is located on the pth area if the
integer part of m6/2x is equal to p. In the designed system, the
sine or cosine LUT has 128 points. And the values are
expressed by 16 bits and Q15 format.

V.  EXPERIMENTAL VERIFICATION

XtremeDSP Starter Platform — Spartan-3A DSP 1800A
Edition is the target FPGA board in experiment while Agilent
16801A Logic Analyzer is used for checking the design. The
device utility summary of XC3SD1800A-4FGG676C Spartan-
3A DSP FPGA is listed in Table II.

In order to prove the FPGA-based DDSRF-PLL is
applicable in unbalanced case, positive, negative and zero
sequences are given as

v, = 0.65in(10072 + 7/3), (14)
v_ =0.07sin(1007 + 7/4) (15)
v, = 0.025in(1007 + 77/8). (16)

Thus, the amplitude of fundamental voltage in each phase
is different while the phase difference is not strictly equal to
2n/3 or -2n/3.

Furthermore, the capability to restrain harmonics should
also be proved. There is a characteristic of the harmonics in
power system that even-order components can be ignored and
harmonics are determined by odd-order components. Third-
order harmonic component added in each phase to simulate
harmonic components. They are given as

v, , =0.1sin(3007 + 77/2) a7
vy, , =0.15in(30072 + z/5) (18)
TABLE II. DEVICE UTILITY SUMMARY
Logic Utilization Used Available
Number of Slice Flip Flops 3815 33280
Number of 4 input LUTs 4475 33280
Number of occupied Slices 2845 16640
Number of bonded I0Bs 83 519
Number of BUFGMUXs 1 24
Number of DSP48As 25 84
Number of RAMB16BWERs 2 84

v, , =0.25in(300m + 7/5)- 19)

se_h

The input signals simulating unbalance source voltages
with harmonics are expressed by 16 bits and Q15 format. They
are stored in ROMs of FPGA beforehand. Fig. 13 shows the
experimental results of the input signals. The input signals are
unbalanced and not sinusoidal. Since the data captured by
Agilent 16801A Logic Analyzer is expressed by 16-bit signed
integer, the maximum and minimum values of ordinate in Fig.
13 are 32767 and -32768, respectively. The experimental
results are right, although the simulation results of input signals
are not provided herein.

In the designed DDSRF-PLL system, it can generate sine
and cosine values with unit amplitude and should be in phase
with positive sequence. Both the outputs are expressed by 16
bits and Q15 format. In hardware verification, sine wave with
unit amplitude which is in phase with positive sequence is
stored in a ROM of FPGA beforehand. It is used as the ideal
output and expressed by 16 bits and Q15 format. The sine
value generated by DDSRF-PLL is compared with it in Fig. 14.
The data in Figs. 14 and 15 is also expressed by 16-bit signed
integer, so the maximum and minimum values of ordinate are
32767 and -32768, respectively. Fig. 14 shows DDSRF-PLL
begin to work at M. And it verifies DDSRF-PLL can track the
phase of positive sequence. Fig. 15 shows the error between
ideal output and DDSRF-PLL output. DDSRF-PLL begins to
work at M1 and reach steady state at M2. It indicates DDSRF-
PLL spends 0.03 s in locking the phase of positive sequence.
During steady state, the maximum fluctuation of the error is
about 655.
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Figure 13. Experimental results of input signals (a) Source voltages in phase
A and phase B (b) Source voltage in phase C
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Figure 14. Experimental results of ideal sine wave and actual sine wave
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Figure 15. Experimental result of error between ideal sine wave and actual
sine wave

Without considering device utility, FPGA-based DDSRF-
PLL can provide more accurate results if only the data in
FPGA is expressed by longer bit width and store more points in
LUT. The reason is that the frequency of global clock is very
high so that the FPGA has high processing efficiency. In
addition, the tracking time would still be 0.03s under the same
input signals as Fig. 13.

VI. CONCLUSIONS

DDSRF-PLL overcomes the limitations of conventional
PLLs and it can be used for compensation of the current
detection algorithm of SAPFs, in either balanced or unbalanced
modes. In this paper, the all digital DDSRF-PLL has been
implemented on XC3SD1800A-4FGG676C Spartan-3A DSP
FPGA, with important parameters discussed and provided, as
well as with the introduction of the appropriate strategies to
solve the main problems. The experimental results prove that
the all digital PLL system can provide accurate phase of the
positive sequence. Besides these, the FPGA-based system
presents many advantages, such as high processing efficiency,
flexible user-defined I/O ports and validation for ASIC.
Therefore, it is advisable to utilize such type of FPGA
implementation.

ACKNOWLEDGMENT

The authors would like to thank the Macao Science and
Technology Development Fund (FDCT) and the University of
Macau for their financial support.

2150

(2]

(3]

(4]

(3]

(6]

(7]

(8]

(]

[10

[11

[12

[13

[14

[15

(6

REFERENCES

Aredes, M.; Akagi, H., Watanabe, E.H.; Vergara Salgado, E.;
Encarnacao, L.F., “Comparisons Between the p--q and p--q--r Theories
in Three-Phase Four-Wire Systems ”, IEEE Transactions on Power
Electronics, vol. 24, no. 4, pp. 924-933, April 2009

Singh, B.; Verma, V., “Selective Compensation of Power-Quality
Problems Through Active Power Filter by Current Decomposition”,
IEEE Transactions on Power Delivery, vol. 23, no. 2, pp. 792-799, April
2008

Chang, G.W., “A novel reference compensation current strategy for
shunt active power filter control”, IEEE Transactions on Power
Delivery, vol. 19, no. 4, pp. 1751-1758, October 2004

Se-Kyo Chung, “A phase tracking system for three phase utility
interface inverters”, IEEE Transactions on Power Electronics, vol. 15,
no. 3,pp. 431-438, December 2006

Blaabjerg, F.; Teodorescu, R.; Liserre, M.; Timbus, A.V., “Overview of
Control and Grid Synchronization for Distributed Power Generation
System”, IEEE Transactions on Industrial Electronics, vol. 53, no. 5, pp.
1398-1409, October 2006

Ciobotaru, M.; Agelidis, V.G.; Teodorescu, R.; Blaabjerg, F., “Accurate
and Less-Disturbing Active Antiislanding Method Based on PLL for
Grid-Connected Converters”, IEEE Transactions on Power Electronics,
vol. 25, no. 6, pp. 1576-1584, June 2010

Santos Filho, R. M.; Seixas, P. F.; Cortizo, P. C.; Torres, L. A. B.;
Souza, A. F., “Comparison of Three Single-Phase PLL Algorithms for
UPS Applications”, IEEE Transactions on Industrial Electronics, vol. 55,
no. 8, pp. 2923-2932, August 2008

da Silva, S.A.O.; Campanhol, L.B.G.; Goedtel, A.; Nascimento, C.F.;
Paiao, D., “A comparative analysis of p-PLL algorithms for single-phase
utility connected systems”, 13th European Conference on Power
Electronics and Applications, pp. 1-10, August 2009

Oliveira da Silva, S.A.; Novochadlo, R.; Modesto, R.A., “Single-phase
PLL structure using modified p-q theory for utility connected systems”,
IEEE Power Electronics Specialists Conference, pp. 4706-4711, 2008

Rodriguez, P.; Pou, J.; Bergas, J.; Candela, J.I; Burgos, R.P.;
Boroyevich, D., “Decoupled Double Synchronous Reference Frame PLL
for Power Converters Control”, IEEE Transactions on Power
Electronics, vol. 22, no. 2, pp. 584-592, March 2007

Rodriguez, P.; Pou, J.; Bergas, J.; Candela, I.; Burgos, R.; Boroyevich,
D., “Double Synchronous Reference Frame PLL for Power Converters
Control”, 36th IEEE Power Electronics Specialists Conference, pp.
1415-1421, 2005

Ning-Yi Dai; Man-Chung Wong; Fan Ng; Ying-Duo Han, “ A FPGA-
Based Generalized Pulse Width Modulator for Three-Leg Center-Split
and Four-Leg Voltage Source Inverters”, IEEE Transactions on Power
Electronics, vol. 23, no. 3, pp. 1472-1484, May 2008

Ning-Yi Dai; Man-Chung Wong; Ying-Duo Han, “ Application of a
three-level NPC inverter as three-phase four-wire power quality
compensator by generalized 3DPWM?”, IEEE Transactions on Power
Electronics, vol. 21, no. 2, pp. 440-449,March 2006

Man-Chung Wong; Jing Tang; Ying-Duo Han, “Cylindrical coordinate
control of three-dimensional PWM technique in three-phase four-wired
trilevel inverter”, IEEE Transactions on Power Electronics, vol. 18, no.
1, pp. 208-220, January 2003

Ning-Yi Dai; Chi-Seng Lam; Man-Chung Wong; Ying-Duo Han,
Application of 3D direct PWM in parallel power quality compensators in
three-phase  four-wire systems”, Power Electronics Specialists
Conference, pp. 3220-3225, 2008

L Rolim, L.G.B.; da Costa, D.R.; Aredes, M., “Analysis and Software
Implementation of a Robust Synchronizing PLL Circuit Based on the pq

Theory”, IEEE Transactions on Industrial Electronics, vol. 53, no. 6, pp.
1919-1926, December 2006

2011 6th IEEE Conference on Industrial Electronics and Applications




<<
  /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


