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A Novel Common-Ground Multisource Inverter

Deepak Singh

Abstract—This letter proposes a novel switched-capacitor (SC)
multisource boosting multilevel inverter featuring common ground
connection for photovoltaic (PV)-dominated high-frequency ac ap-
plications. The proposed topology requires only eight switches, two
diodes, and two SCs for generating a nine-level output voltage.
The proposed topology has the ability to accommodate two PV
sources while ensuring near zero ground leakage current. With the
series/parallel technique, the SCs are self-voltage balanced, achiev-
ing sensor-less operation. The devised structure has the lowest con-
duction losses due to reduced number of conducting devices at each
level. Furthermore, switching losses are reduced since fewer devices
transit at any level as compared to the state-of-the-art topologies. A
comprehensive comparative assessment of the proposed topology is
carried out and included to highlight its beneficial features against
the counterparts. The experimental evaluation of the proposed
inverter topology is carried out and the results are presented to
validate its feasibility and operability.

Index Terms—Common-ground, high-frequency AC (HFAC),
leakage current, multisource, multilevel inverter (MLI), switched-
capacitor (SC).

I. INTRODUCTION

ULTILEVEL inverters (MLIs) are popular in variety of
M applications requiring high power quality. In addition
to motor drives, solar plants, reactive power compensation, to
name a few, their presence is witnessed in the emerging high-
frequency AC (HFAC) application fields like aircraft, space,
telecommunication, lighting, electric vehicle wireless charging,
and microgrid. The advent of MLIs into several application field
is due to the virtue of their structures resulting in higher power
density, smaller component size, better heat distribution, and
higher efficiency [1]. Recently, extensive research is carried out
in the area of switched-capacitor (SC)-based MLIs due to their
improved power density, reliability, and voltage boosting ability.

The direct application of SCMLIs in the field of photovoltaic
(PV) dominated microgrid raises the issue of ground leakage
current (ipex) due to the absence of galvanic isolation [2].
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Therefore, the need for common-ground-type (CGT) inverters
emerged, wherein, the solid connection between the grid neutral
and the negative terminal of the PV ensures zero iy c.k. In liter-
ature, several single-source (SS) CGT inverter architectures are
available with a common objective of synthesizing the structure
to achieve higher levels with lesser components [3]. Some of
the latest work in this regard suffer due to higher component
count, higher device stresses and higher number of conducting
devices [4], [5], [6], [71, [8].

Owing to the power processing ability from multiple sources,
there is a significant increase in the application of multisource
(MS) SCMLISs, particularly in the field of PV microgrids [9],
[10]. The possibility to configure PV arrays in series/parallel
combination resulting in the realization of the desired asym-
metric source arrangement makes it viable for MS-SCMLI
applications. A new dual input based SCMLI in [11] required
13 switches to generate 19 levels has a source voltage diversity
factor (SVDF) of six. A higher SVDF indicates the need for
high dispersed value of voltage sources. Further, the authors
in [10] proposed a generalized topology based on MS-SCMLI.
It requires 13 switches to generate 17 levels and has an SVDF
of four. A further reduced SVDF-based topology requiring 11
switches for 13 levels was presented in [12]. Several efforts have
been made to devise an MS-SCMLIs with reduced device stress,
lesser current conducting devices, and complexity [9], [13]. In
summary, despite the proposal of several MS-SCMLLIs, to date,
MS-SCMLI addressing the key issue of ground leakage current
is unexplored.

This article proposes a CGT-based MS-SCMLI topology,
hereafter referred to as common-ground multisource inverter
(CGMSI). The proposed topology requires only eight switches,
two diodes, and two SCs to generate nine level (9 L) output
voltage. Selective harmonic elimination (SHE) technique is used
for controlling the proposed inverter. The operating modes are
described in detail and an extensive comparative assessment is
carried out to benchmark the salient features of the proposed
CGMSI against the competent topologies. Finally, the exper-
imental results are included to validate the feasibility of the
proposed inverter.

II. PROPOSED CGMSI TOPOLOGY

A. Circuit Structure and Description

Fig. 1 shows the proposed CGMSI topology. As evident, the
solid connection among the negative terminals of the sources
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Fig. 2.

(a)—(i) Modes of operation. (j) Voltage stress across the devices.

and the grid neutral ensures zero ip.,x due to PVs parasitic
capacitance. The proposed topology comprises eight switches
(S1-5%g), two diodes (D; & D-), and two capacitors (C; &
C5) for synthesizing a 9 L waveform. For a symmetrical output
voltage waveform, the source voltages must have a binary rela-
tion, i.e., Vgco = 2Vj 1. Further, the capacitors C; and Cs are
charged to Ve and 2V », respectively, for ensuring an output
voltage with uniform steps. The active devices during each of
the switching states are highlighted in Fig. 2.

B. Description of Operating Modes

Fig. 2(a)—(i) depicts the switching circuit structure for each
of the voltage levels in detail. It is important to mention that
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Fig. 3. Modulation strategy and the customized switching functions.

switches S7—Sg are triggered only once in each half cycle, which
leads to lower switching power losses. Additionally, switches
S1, S3, and S5 experience minimal switching transitions. Be-
sides, Fig. 2(j) highlights the maximum blocking voltages of the
devices. Moreover, the impact of each of these switching states
on the capacitor voltages is also highlighted.

C. Modulation Scheme

For the generation of a9 L waveform, four dc signals V;; — V4
with different amplitudes are arranged and compared with a
reference sinusoidal signal (Vyop) as shown in Fig. 3. The
magnitude of dc offsets are obtained using the relation V;, =
VMODSin(GZ) for z =1, 2, 3, 4 and 0, are the switching angles
based on SHE technique [14]. Furthermore, the dc signals are
compared with the reference waveform through comparators,
and the comparator outputs are processed using appropriate
logic gates [Fig. 3] yielding the level information (Z,, Z,,, and
Ly—Ly). Utilizing the level to be generated information and the
corresponding switching states, logic relationships are derived
for each of the gating signals (Sy1—S,s). Here, the symbol “x”
represents the logical “AND” operation, and “+” represents the
logical “OR” operation [Fig. 3].

D. Common Mode Voltage and Leakage Current Behavior

As the potential target application for the proposed topology is
an HFAC microgrid dominated by the PV sources, it is essential
to analyze its performance pertaining to the total CMV (Vrcwm;)
and 7y cqx;. Fig. 4(a) shows the simplified representation of the
proposed topology for aiding the CMV analysis. The equivalent
circuit depicting both the CMV and DMV of the proposed
topology is shown in Fig. 4(b). From Fig. 4(b), the CMV (Vcw;),
DMV (Vbm;), Vrewm;, and ipeqr; are expressed as

Vani + Ubnj )
Vow; = == Vowy = vy = vy [i=1,2] (D)
Vbwm; . dVrem;
View; = Vemy — —o = 05 igeaj = CPVj% =0.
(2)

From (1)—(2), unlike the traditional CGT inverters [2], the
proposed CGMSI has the unique capability of eliminating the
leakage current with the presence of multiple sources.
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Fig. 4. (a) Proposed topology based setup for grid integration of PVs.
(b) Equivalent circuit for aiding the common mode voltage (CMV) and dif-
ferential mode voltage (DMYV) analysis. (c) Control strategy.

TABLE I
COMPARISON OF THE PROPOSED CGMSI WITH 9L-SS-CGT-SCMLIS

Nsw  Np  Nsc  Niwip)/NL  Nesmax  TBVp
@] 9 3 3 144 4 325
[5] 9 1 3 1.11 6 6
[6] 11 2 3 1.44 6 8
[7] 9 3 3 1.33 5 7
8] 14 1 4 1.67 7 6
CGMSI 8 2 2 1.1 4 4.75

E. Determination of Capacitance

Maintaining of the capacitor voltages is of paramount concern
as it dictates the voltage across the devices and the output voltage
waveform quality. Hence, the calculation of the appropriate ca-
pacitance value is critical, which depends upon its peak current,
ripple voltage, and fundamental frequency (wg) [10]. The longest
discharge period over the cycle for each of the capacitors, i.e.,
[03-(m — 03)] and [01-(m — 01)] for C; and C5, respectively,
(Fig. 3). The charge Q¢; and Q¢ released by C; and Co,
respectively, during the discharge period is given by

4‘/;10,1 4‘/;10,1

A —
QCI UJQRL UJQRL

(m—203); AQc: =

(m—261) (3

where Ry is the load resistance. The capacitor ripple voltage
AVey and AV, are given by

AVer = 2kVae ;. AV = 4kViea 4)

where k is the ripple factor [ranges from O to 1]. By selecting a
suitable value of k, the capacitance of C; and C are obtained
using the relation

2(7‘[‘ - 293) .

(7‘(’ — 291)
wokRL ’

Ci >
L= wok Ry,

Cy > )

III. COMPARATIVE ASSESSMENT OF THE PROPOSED CGMSI
ToPOLOGY

In this section, the comparative analysis is performed using
the following figures of merit: the number of levels (/Vp),
number of gate-drives (Ngp), number of switches (Ngw),
number of diodes (Np), number of SCs (Ngc), maximum
number of conducting switches (Ncsmax), total blocking
voltage (TBV,,,), SVDF, and i cak.
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TABLE II
COMPARISON OF THE PROPOSED CGMSI WITH MS-SCMLIS

N. Nsw Nop Np Nsc  Ncsmax  TBVyy SVDF  ipea

[11] 19 13 12 0 2 8 49 6 High
[10] 17 13 12 1 1 6 6.7 4 High
[12] 13 11 10 1 1 7 6.3 3 High
9] 13 13 11 1 1 6 8.5 3 High
3 11 10 9 2 2 4 6.2 3 High
[15] 9 9 9 3 2 4 6 4 High
[16] 7 7 7 2 1 4 5.33 3 High
CGMSI 9 8 8 2 2 4 4.75 3 Zero

First, Table I summarizes the comparison with SS-CGT-
SCMLI topologies with boosting ability. It is worth noting that,
the proposed topology exhibits the highest device utilization
ratio, as indicated by the factor Ngw.p /Ny, of value 1.1. This
indicates that the proposed topology requires the least number
of power semiconductor devices to generate a given number
of voltage levels. Further, among the 9-L inverter category, the
proposed topology exhibits the least Ncs max indicating a lower
conduction loss. Furthermore, the least TBV,,, of the proposed
CGMSI reiterates its improved performance with the need for
lower voltage rating devices, hence, it will reduce the overall
cost.

Further, the comparative summary of the proposed CGMSI
with dual source based SCMLIs is shown in Table II. The topolo-
giesin [9], [10], [11], [12], [13], generate an output voltage with
higher number levels, while their other figures of merit are less
promising. Topology in [15] generated 9 L at the price of a higher
TBV,., and SVDF. The prominent feature and advantages of
the proposed CGMSI topology highlighted in Table I prevails in
Table II as well. In nutshell, the proposed CGMSI, therefore,
combines several advantages such as reduced device count,
reduced TBV,,,, reduced conducting devices, reduced SVDF,
and the ability to curtail the ground leakage current with the
presence of multiple sources while also maintaining similar
functionality compare to other CGT inverters.

IV. RESULTS AND DISCUSSION

The 9-L operation of the proposed CGMSI topology is vali-
dated through simulations and experimental tests. Microlab box
DS1102 is used as the controller. The dc source voltages Vg
and Vg, are set to 75 and 150 V, respectively. Capacitor C'; and
Cy is chosen 470 uF and 330 pF, respectively, for £ = 0.07.
The fundamental frequency is chosen as 400 Hz. The power
MOSFET IRFP460 N driven by gate driver TLP250 and power
diode MURI1560 are utilized. Fig. 5 shows the experimental
results for standalone operation. Fig. 5(a) and (b) shows the key
waveforms during steady-state for a pure resistive (45 2) load-
ing. The 9-L voltage and peak output voltage value confirms the
self-balancing and boosting ability. Fig. 5(c) and (d) shows the
switch voltage stresses. It is worth noting that out of eight, two
switches operate at 400 Hz, four switches operate at 1200 Hz,
and only two switches operate at 2 kHz resulting in reduced
switching power losses. At any instant, a maximum of only
50% of the devices are conducting the load current, reducing
the conduction losses. In addition, only fewer devices operating
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Fig. 5. Experimental results for standalone operation. (a) Inverter output

voltage and load current. (b) Inverter output and SCs voltages. (c) and (d)
Voltage across switches. (e) Inverter output voltage and load current. Inverter
output voltage and load current for (f) PF change (g) step change in load (h) step
change in input voltages.

at higher device frequency results in an improved efficiency.
Fig. 5(e) shows the key waveforms for the resistive-inductive
(352 & 10 mH) loading with 0.8 PF. Fig. 5(f) shows the inverter
transient behavior for a step change in load form resistive to
resistive-inductive. Fig. 5(g) and (h) shows the inverter response
for a step change resistive loading and the input voltage, re-
spectively. From the above dynamic results pertaining to the
inverter subjected to the various disturbances, it is evident that
the proposed CGMSI performs satisfactorily.

Further, simulation-based performance evaluation of the pro-
posed topology in grid-connected operation is carried out. For
this, the grid voltage, frequency, and interfacing inductor (Ly)
are set to 190 V, 400 Hz, and 5SmH, respectively. A simple
proportional-resonant controller based scheme is applied [17].
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Results Pertaining to Grid-Connected Operation
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Fig. 6. Simulation results depicting step-change of grid-connected operation
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Fig. 7. Common mode behavior for (a) Source 1 and (b) Source 2.

Fig. 6(a) and (b) shows the inverter response for a step change
in reference current (i,") from 12 to 20 A. Further, the inverter
is operated to inject reactive power into the grid and the corre-
sponding results are shown in Fig. 6(c) and (d). Finally, the key
waveforms pertaining to the common mode behavior of the pro-
posed topology confirming its ability to adequately suppress the
ground leakage current are shown in Fig. 7. From the foregoing
results, it is observed that the inverter is able to inject a high
quality grid current while maintaining the SC voltages at their
respective values under steady-state and dynamic conditions.
To evaluate the power losses, PLECS-based thermal analysis is
carried out for a rated power of 1 kW. The simulated efficiency
at rated power is found to be 94.95% with the conduction,
switching, and capacitor ripple losses amounting to 12.67 W,
0.73 W, and 1.5 W, respectively.

V. CONCLUSION

A novel CGT-based MS-SCMLI topology with reduced
component count is presented with self-voltage balancing,
boosting ability, and zero ip.,x for a PV-dominated high-
frequency ac application. The operating principle, SHE-based
modulation scheme, and leakage current behavior were
discussed. The functionality of the proposed topology has been
thoroughly examined and validated through both simulation
and experimental testing. Remarkably, a strong consistency is
observed between the theoretical analysis, simulation outcomes,
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and experimental results. The detailed comparative analysis
attested the benefits of the proposed CGMSI topology in terms
of reduced voltage stress across the devices, reduced number
of conducting devices, and semiconductor requirements.

(1]

(2]
[3]

(4]

(3]

(6]

(71

(8]

REFERENCES

S. Kouro et al., “Recent advances and industrial applications of multilevel
converters,” IEEE Trans. Ind. Electron., vol. 57, no. 8, pp. 2553-2580,
Aug. 2010.

Y. Liu et al., “Bimodal transformerless inverter with three switches,” IEEE
Trans. Ind. Electron., vol. 69, no. 9, pp. 8972-8983, Sep. 2021.

M. N. H. Khan, M. Forouzesh, Y. P. Siwakoti, L. Li, T. Kerekes, and
F. Blaabjerg, “Transformerless inverter topologies for single-phase photo-
voltaic systems: A comparative review,” IEEE J. Emerg. Sel. Topics Power
Electron., vol. 8, no. 1, pp. 805-835, Mar. 2020.

M. Chen, Y. Yang, P. C. Loh, and F. Blaabjerg, “A single-source nine-level
boost inverter with a low switch count,” IEEE Trans. Ind. Electron., vol. 69,
no. 3, pp. 2644-2658, Mar. 2022.

R. Barzegarkhoo, M. Farhangi, S. S. Lee, R. P. Aguilera, Y. P. Siwakoti,
and J. Pou, “Nine-level nine-switch common-ground switched-capacitor
inverter suitable for high-frequency AC-microgrid applications,” IEEE
Trans. Power Electron., vol. 37, no. 5, pp. 6132-6143, May 2022.

A. Srivastava and J. Seshadrinath, “A new nine level highly efficient
boost inverter for transformerless grid connected PV application,” IEEE
J. Emerg. Sel. Topics Power Electron., vol. 11, no. 3, pp. 2730-2741,
Jun. 2023.

A. Jakhar, N. Sandeep, and A. K. Verma, “A nine-level common-ground
type boost inverter for PV applications,” in Proc. IEEE st Ind. Electron.
Soc. Annu. On-Line Conf., 2022, pp. 1-6.

R. Barzegarkhoo, S. S. Lee, S. A. Khan, Y. P. Siwakoti, and D. D.-C.
Lu, “A novel generalized common-ground switched-capacitor multilevel
inverter suitable for transformerless grid-connected applications,” IEEE
Trans. Power Electron., vol. 36, no. 9, pp. 10293-10306, Sep. 2021.

[91

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

S. Ramaiah, N. Lakshminarasamma, and M. K. Mishra, “Multisource
switched capacitor based boost multilevel inverter for photovoltaic-based
systems,” IEEE Trans. Power Electron., vol. 35, no. 3, pp. 2558-2570,
Mar. 2020.

M. A. Hosseinzadeh, M. Sarebanzadeh, C. F. Garcia, E. Babaei,
J. Rodriguez, and R. Kennel, “Reduced multisource switched-capacitor
multilevel inverter topologies,” IEEE Trans. Power Electron., vol. 37,
no. 12, pp. 14647-14666, Dec. 2022.

A. Igbal, M. D. Siddique, B. P. Reddy, P. K. Maroti, and R. Alammari,
“A new family of step-up hybrid switched-capacitor integrated multilevel
inverter topologies with dual input voltage sources,” IEEE Access, vol. 9,
pp. 4398-4410, 2020.

M. D. Siddique, S. Mekhilef, A. Sarwar, A. Alam, and N. Mohamed
Shah, “Dual asymmetrical dc voltage source based switched capacitor
boost multilevel inverter topology,” IET Power Electron., vol. 13, no. 7,
pp. 1481-1486, 2020.

D. Singh and N. Sandeep, “Switched-capacitor-based multi-source mul-
tilevel inverter with reduced part count,” IEEE J. Emerg. Sel. Topics Ind.
Electron., vol. 4, no. 3, pp. 718-724, Jul. 2023.

A. Kavousi, B. Vahidi, R. Salehi, M. K. Bakhshizadeh, N. Farokhnia,
and S. H. Fathi, “Application of the bee algorithm for selective harmonic
elimination strategy in multilevel inverters,” IEEE Trans. Power Electron.,
vol. 27, no. 4, pp. 1689-1696, Apr. 2012.

S. R. Raman, Y. C. Fong, Y. Ye, and K. W. E. Cheng, “Family of multi-
port switched-capacitor multilevel inverters for high-frequency AC power
distribution,” IEEE Trans. Power Electron., vol. 34, no. 5, pp. 4407—4422,
May 2019.

S.R. Raman, K. W. E. Cheng, and Y. Ye, “Multi-input switched-capacitor
multilevel inverter for high-frequency AC power distribution,” IEEE Trans.
Power Electron., vol. 33, no. 7, pp. 5937-5948, Jul. 2018.

P. R. Bana, K. P. Panda, S. Padmanaban, L. Mihet-Popa, G. Panda, and
J. Wu, “Closed-loop control and performance evaluation of reduced part
count multilevel inverter interfacing grid-connected PV system,” IEEE
Access, vol. 8, pp. 75691-75701, 2020.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /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 false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 900
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00111
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00083
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00063
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /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 "Suggested"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


