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Abstract— The reduction of the leakage current in
transformerless grid-interfaced inverter topologies is essential
to meet the requirements of the safety standards as well as to
mitigate electromagnetic interference. The conventional PWM
schemes for multilevel-inverters (MLIs) either generate a high-
frequency leakage current or underutilize the resources of the
multilevel inverters. In this paper, an asymmetrical 1-¢ MLI
inverter topology and its modulation scheme are presented for
the PV system. Without any additional switching resources, the
proposed modulation strategy achieves the avoidance of high-
frequency components in the voltage impressed across the PV
parasitic capacitor. Furthermore, a dual-mode boosting stage is
integrated into the proposed multilevel inverter configuration in
such a way that, it is capable of synthesizing thirteen distinct
voltage levels while achieving a voltage boosting factor of three.
Simulation results verifying the operating principle of the
proposed power converter are presented, which employs the
proposed modulation technique.

Keywords—Photovoltaic inverter, Multilevel inverter,
leakage current, common-mode voltage, Switched capacitor.

I. INTRODUCTION

Small-capacity transformerless solar inverter systems are
increasingly being used in distributed power generation
systems. The dc-link voltage boosting and minimization of
the common-mode leakage current (CMLC) are the two
major concerns in transformerless inverter configurations.
Apart from being hazardous to the inverter, human operators,
and the livestock, the CMLC adversely affects the life span
of the PV panels. The CMLC also reduces the reliability of
the inverter and causes electromagnetic interference (EMI).
To safeguard against the ill-effects of CMLC, a maximum
limit of 300mA is specified by the German standard VDE
0126-1-1 [1].

A good number of inverter configurations have been
described in the literature for the reduction of leakage current
and addressing the voltage boosting requirements in PV fed
multilevel inverters. It has been shown that the leakage
current and its ill-effects can be minimized by eliminating the
switching frequency components from the TCMV (i.e.
voltage between PV positive terminal and ground terminal)
[2]. Tt can be inferred from the literature [3] that the
symmetrical inverter topologies effectively manage to
mitigate the CMV by compromising on the number of output
voltage levels. To avoid this trade-off, several asymmetrical
inverter configurations have been introduced in the literature
[4-7]. A 9-level topology has been presented by Phanikumar
et. al. [4], which can output voltage levels that commensurate
with the number of switching devices while lowering stress
on the switching devices. Despite its advantage of eliminating
the leakage current, this topology suffers from the
underutilization of the dc-link. A similar half-bridge ANPC
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based 7-level inverter configuration is proposed in [5]. This
topology is capable of achieving a boosting factor of 1.5
times the input voltage. However, this configuration suffers
from the problem of high-inrush current due to the switched
capacitor (SC) network and the presence of sharp transitions
in the total common-mode voltage (TCMV). The
configuration proposed by Sun ef. al. [6] is capable of
achieving a 9-level output voltage with a voltage boosting
factor of three. However, the proposed modulation technique
in [6] is not capable of ecliminating the high-frequency
transitions in TCMV.

II. WORKING PRINCIPLE AND DESCRIPTION OF THE
PROPOSED 13-LEVEL TOPOLOGY

The proposed 13-level inverter configuration is
presented in Fig. 1. The power circuit configuration
comprises twelve power switches, four capacitors (C; — Cy),
two diodes (D1, D2), and two inductors (L1, L,). The switches
(Sui1, Suz, Sii, Si2) are used for the selection of switched-
capacitor (Cy, Cs3) and PV source. The dual-mode boosting
stage of the configuration is highlighted in Fig. 1. Further, the
H-bridge-structure in the inverter topology is implemented by
four power switches (Spi, Se2, Sp3, Sps), which functions as a
polarity generator. The asymmetrical part of the proposed
configuration is constituted with two switches (Ses, Sps) and
a capacitor (C4). The proposed configuration is connected to
the grid with an LCL filter as shown in Fig. 1. The equivalent
lumped model of the parasitic elements of the PV panel is
represented by a series connection of a resistance (Rp) and
capacitance (C,). The voltage across PV positive terminal
and ground (i.e. TCMV), the grid current, and leakage current
for the proposed configuration are denoted by vpg, iz and i
respectively.
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Fig. 1. Circuit diagram of the proposed asymmetrical 13-level inverter
configuration.

The working principle of the proposed converter is
described with the aid of the following modes of operation:
a. Direct Power Mode: To generate the voltage levels =Vpy
and £0.5Vpy, the direct PV source is utilized and neither of
the SCs (C; and Cs) is energized. In this mode Sy, and Sy are
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Fig. 2. Circuit operations for direct power mode.

turned on for all switching combinations. In order to generate
positive and negative output voltages, the switches in the
polarity generator part are utilized as shown in Fig. 2.

b. Single boosting mode: In this mode either the upper or
lower section of the voltage boosting circuit is energized to
charge respective SCs. Thus, redundant switching states are
obtained to generate effective voltage level 2Vpy in the dc-
link. To utilize the voltage of the SCs (i.e. C; and Cj3), the
respective switches from the basic unit (Sy; or Si») are turned
on as shown in Fig. 3 (a) and (b) respectively.
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Fig. 3. Circuit operations for single boosting mode.

c. Double boosting Mode: In this mode, both of the
boosting sections are energized to develop a voltage level of
3Vpy in the de-link. It can be observed from Fig. 4 that, the
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Fig. 4. Circuit operations for double boosting mode.
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switches Su; and Si are always turned on in this mode to
utilize the total boosted dc-link voltage.

III. MODULATION STRATEGY FOR PROPOSED INVERTER
CONFIGURATION

The conventional SPWM modulation technique induces
time-varying common-mode voltage (CMV), which leads to
generate high leakage current for the multilevel inverters.
Thus, a CMV elimination modulation technique is generally
used to achieve reduced CMV. This technique utilizes
selective switching states, which results in the same
magnitude of the CMV. This modulation technique
underutilizes the switching resources of the multilevel
inverter and increases THD of the load current as shown in
Fig. 5. It can be observed from Fig. 5 (a) that, a basic
symmetrical multilevel inverter configuration has 7 possible
switching states. However, with the conventional CMV
elimination technique, only 4 switching states can be utilized.
Thus, there is a requirement of a PWM strategy, which is
capable of utilizing all possible switching states of the MLI
while eliminating the switching transitions from the CMV.

3V4 3Vqe
Vdc : 2Vdc
Va Ve
v.= 0
dc 1 -Vd -Vdc
v + '2Vdc
de ! () ‘3Vdc '3Vdc
a
Conv. Proposed
PWM PWM
3V, 3V,
de 2Vdc 2.5Vdc
v Vf‘c 1.5V
d Odc 0-5Vdc
0.5V,
-Va -Vad o
-1.5Vq,
2Vall 5 5v,
3Vad 3V4 g
Conv Proposed
PWM PWM

Fig. 5. (a) Symmetrical inverter configuration, (b) proposed asymmetrical
inverter configuration, with conventional and proposed PWM strategy.

With this motivation, two PWM schemes, which are
implemented with a modified level shifted-sinusoidal pulse
width modulation (LS-SPWM), are proposed in this paper.
Moreover, the peak-magnitude and RMS of the leakage
current mainly depends on the rate of change (dv/df) of
TCMV as the parasitic capacitances in the system offer
minimum impedance to the high-frequency components. So,
both of the PWM strategies are capable of reducing the
leakage current effectively, which generally, flows through
the parasitic capacitance between the ground and PV panel
[2]. It can also be observed from Fig. 5 (b) that, the proposed
PWM can switch all 13 switching states of the proposed MLI
structure. However, the conventional CMV elimination
technique only switches between 4 switching states. All
possible switching states of the proposed inverter structure
are listed in Table 1. In the proposed converter, the switch-
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TABLE L SWITCHING STATES OF DIFFERENT VOLTAGE LEVELS levels and achieves a lower total-harmonic distortion (THD)
SSeV:’l Sui Si2 Se1 Se3 Sps Vab in the output.
Sg+s 1 1 1 0 1 +3Ver B. PWM Strategy II: Reduction of transitions in CMV
825 | 1 ! L1 0|0 |+25Ve The proposed PWM strategy-II (Fig. 7) is implemented
e 0 ! ! 0 L azldiz to reduce the transitions in the common-mode voltage
Sqgop | 1 1O 11 1O L1 +2V (CMV). This PWM is also implemented using a zone-based
?Pm L R . :;;?V selection of alternating levels with the redundant switching
SZ:'SB (1) 8 i g (1) "'.VP:V states. The switching states of alternating levels in a particular
Ses 1 o | o 11 o | o | wsrm zone are selected from Table I such that, both SW}tchlng states
s s lolaolaol.i 7 employ the same CMV. As the configuration e.:mploys
Sqo o To ol o " 0 constant CMV irrespective of the zone of operation, the
Seon L 0101 0T o1 o [0 TCMV also oscﬂlateg .w1th. a sinusoidal pattern with dc
Sqess | 0 | 0 | 1 T 1 0 | 05w pffsets. Thus, the transitions in the leakage current, as well as
Sq1 o 1ol ol 111 Vo in the CMV botl},’ are e'ffecpvely rf:duced without the
application of additional circuitry. This PWM strategy is
8q-1.5 0 o] o] 1 0 | -L5Vey . ST
capable of effective minimization of the leakage current as
8q.24 0 1 0 1 1 -2Vey .
Sqo2s T 1o 1o 1 n 2V w§ll as the requirement of common-mode filters. However,
Sq2s4 | O 1 0 1 0 [ 25Vm this PWM stra‘Fegy increases the THD of the output current as
Sq2se | 1 0 0 1 0 | 2.5V of the alternating voltage levels in a particular-zone have a
Sq.3 1 1 0 1 1 3oy difference of 2Vpc.

pairs (Sut, Suz), (Sut, Suz), (Sp1, Sp2), (Sp3, Spa), and (Sps, Spe)
operate complementary to each other.

A. PWM Strategy I: Reduction of transitions in TCMV i ‘\'m WAVAVAYAY \\‘V)A‘I\\
NI \
V
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To minimize the transitions in the TCMV, a zone-based A AR

PWM strategy is developed, which is capable of selecting
switching states for each voltage level, based on the zone of
operation (Fig. 6). Thus, the flexibility of redundant
switching states with different TCMV can be effectively
utilized. Only those switching states, which have the same
magnitude of TCMYV in a particular zone, are considered from
the switching states listed in Table I. In any particular zone,
the TCMYV is clamped to a particular value; it changes only
during the transition from one zone to another. The clamped
waveform of TCMV, in turn, eliminates all the high-
frequency transitions in each zone. The peak leakage current 1
during the transition of zones can be further minimized with m SPS.J”_I" ]I_ ] ] -IH m

. . 0
the aid of common-mode filters. This PWM strategy S y m— -

. . 0 0.01 0.02
effectively utilizes all voltage Time (s)

Fig. 7. Modulation signal and generation of PWM pulse for PWM strategy-
1L

A N i C. Analysis of the proposed MLI:
'”””'”““ The pole voltages of the proposed configuration are
A

"“““““““““ VWYV derived mathematically using switching variables. The
switching variables for the power switches Sui, St2, Spi, Sps,
o and Sps are represented as SVsui, SVsi2, SVspi, SVsps, and
1F : SVsps respectively. The value of these switching variables is
SLZ "_ —" “1” when the corresponding switch is turned ON and “0”
0 = when the corresponding switch is turned OFF. Assuming that
1 the switched capacitors C; and C; are charged equally to the
0 Sp] input voltage (i.e. Vpr), the pole voltage v,, can be derived as
1F 3 per the following equation:
0 SP3 Vao = 3V iSVspVpy + 200 =SV, )SVipi Vi (1)
1 I + =SV, ) A= SVip Wy =0.5(1=SVsp5 )V}
> [l
0‘0 0.01 ) 0.02 Similarly, the pole voltage v;, can also be derived from the

Time (s) following equation,

Fig. 6. Modulation signal and generation of PWM pulse for PWM strategy-
L
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Vie = 3SVSUISVSP3VPV +2(1- SVSUl )SVSP3VPV
+ (1 - SVSLz )SVSPSVPV

2)

Further, the inverter output voltage (vas) and common-mode
voltage (Vemy) are derived from the following equations:

V=V, =V, )
chv = O'S(Va() + vbo) (4)

Now, the common-mode voltages for all possible
switching sequences are derived using eqns. (1-4). The
switching sequence for a particular zone is selected in such a
way that, both of the switching sequences result in the same
magnitude of TCMV (PWM strategy-I) or common-mode
voltage (PWM strategy-I). The selected switching
combinations for both PWM strategies are listed in Table II.

TABLE II . SELECTION SWITCHING SEQUENCES FOR PWM
STRATEGY - [ AND PWM STRATEGY- I1

PWM PWM
Zone Strategy- Zone Strategy-
1 11
+3Vpy Sq-+3 +3Vpy Sq+3
+2.5Vpy Sq+2'5 +1Vpy Sq+1
+2.5Vpy Sq+2.5 +2.5Vpy Sq25
)
+2Voy Sq+24 +0.5Vry Sq-+0.5
+2Vpy Sq-24 +2Vpy Sq-28
+1.5Vpy Sq+l'5A +0Vpy Sq0+
+1.5Vpy Sq-+1.58 +1.5Vpy Sq+1.58
)
1 Vpy Sq+1 0.5V 8q-0.58
+1Vpy Sq-1 +1Vpy Sq-+1
0.5V Sq-+05 AV Sq.1
+0.5Vpy Sq-0.5 +0.5Vpy Sq-05
5 Sqo+ -1-§VPV 8q.1.5
0 Sqo- OVpy Sqo-
0.5Vsy 8q-0.54 2V Sq-+28
-0.5Vpy S8q.-0.58 -0.5Vpy 8q-0.58
)
AV | St 25V | S48
-1Vpy Sq-1 -1Vpy 8q-1
L5V | 5215 Wy S4-5
-1.5Vpy Sq.1.5
2Vpy Sq+2A
-2Vpy Sq+24
2.5V 8q-254
-2.5Vpy Sq-258
3Vpy Sq-5

IV. SIMULATION RESULTS

The proposed single-phase asymmetrical 13-level
inverter topology is simulated using the MATLAB-
SIMULINK software to validate its operation. The
parameters, which are used in the simulation study, are listed
in Table III.

The simulation results are acquired at a modulation index
mg = 0.95 for the proposed inverter with PWM strategy-I as
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shown in Fig. 8. The 13 voltage levels can be distinctly
observed from Fig. 8 (b), which resembles the conventional
(staircase type) MLI waveform.

TABLE III . SIMULATION PARAMETERS

Sr. No. Parameters Values
1 Input PV voltage (open circuit) 165V
2 Capacitor (C1, C2, C3, C4) 1mF
3 switching frequency (fiv) 5kHz
4 Boosting stage inductors (L;,L, ) 0.5mH
4 Filter inductor (L) SmH
5 Grid interfacing inductor (L,) 2mH
6 Parasitic Resistance (Rp) of the PV panel 10ohm
7 Parasitic Capacitance (Cp) of PV panel 10nF

An equivalent impedance of PF=0.85 lag is connected
across the output terminals of the inverter; it is evident from
the lagging inverter current as shown in Fig. 8 (c). It can be
observed from Fig. 8 (e) that, the TCMV (vp,) varies at low
frequency (i.e. modulation frequency), which leads to the
reduction of the leakage current for the configuration. The
RMS value of the leakage current is obtained as 15mA as
shown in Fig. 8 (f). However, the common-mode voltage of
the inverter configuration varies at the switching frequency
of the inverter with PWM strategy-1.

PWM Strategy I
ves (V)

(@

, ver (V)

RMS=15mA

0.1 0.12 0.14

Time(s)

Fig. 8. SC voltage (ve;, ves3), output voltage (vy,), grid current (iy), CMV
(vemr), TCMYV (vpy), leakage current (ijeqr) for PWM Strategy 1.
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PWM Strategy 11
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Fig. 9. SC voltage (v.;, ve3), output voltage (vy), grid current (iy), CMV
(vemr), TCMV (vpy), leakage current (ijeq) for PWM Strategy-1I .

Another set of the simulation results are presented at m,=
0.95 for the proposed inverter with PWM strategy-II. The
simulation results for the PWM strategy-II are shown in Fig.
9. From Fig. 9 (b), it can be observed that, though the
difference between consecutive voltage levels is 2Vpy, all
voltage levels are switched. It can be observed from Fig. 9 (¢)
that, this PWM strategy results in an increased THD value of
the current compared to the one obtained with PWM strategy-
I. However, this PWM strategy is capable of eliminating all
switching frequency variations from both the CMV (vcy) and
TCMV (vp,) as evident from Fig. 9 (d) and (e). Thus, the
leakage current for this configuration is also reduced. The
obtained RMS value of the leakage current is obtained as
10mA. Besides that, with the employment of this PWM
strategy, the required size of the EMI filter is reduced.

V. COMPARISON OF THE PROPOSED TOPOLOGY WITH
EXISTING

Various inverter configurations have been compared
based on the number of switches and diodes (Nswq), no of
capacitors (Ncap), no of sources (Npv), voltage gain factor (G),
total standing voltage per no of levels (in p.u., TSVpy). For a
fair comparison, single-source based SCMLI and other
boosting topologies, which are capable of minimizing the
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leakage current, are considered for comparison. To evaluate
these power circuit configurations, a proportion of
performance factor (CF) to the number of voltage levels is
determined based on the component count and the TSV,, as
per the equation given in [7].

TABLE IV . SWITCHING STATES OF VOLTAGE LEVELS

1-
wnﬁguj;ﬁons Ned Nev Nap Nua G TSV, CF
[5]-7L 10 1 4 0 1.5 73 3.2
[4]-9L 10 1 3 1 0.5 4 2.1
[6]-9L 16 1 3 0 3 8 3.1
[7]-9L 8 1 3 3 4 575 23
Proposed
Topotnaraar | 12 | 1 | 4| 2 7 |20

VI. CONCLUSION

This paper proposes an asymmetrical transformerless 13-
level inverter topology with the features of voltage boosting
and the reduction of CMLC. A series capacitor network with
two switches has been used as an asymmetrical leg to increase
the number of levels. The configurations can feed high-
quality power into the grid with a current THD of below 5%.
The proposed topology achieves self-balancing of the
switched capacitor voltage using the redundant switching
states of the inverter. The proposed PWM strategies are
devised from the redundant states to eliminate all high-
frequency transitions from the TCMV. PWM strategy-I is
capable of achieving complete multilevel performance with
minimum dv/dt while minimizing the CMLC. PWM strategy-
Il is also capable of ecliminating the high-frequency
transitions from both TCMV and CMV. The PWM strategy-
II results in a better performance in the elimination of CMLC,
while reducing the requirement of the common-mode filter.
Thus, both of the PWM strategies are capable of meeting the
CMLC standard VDE 0126-1-1 with the proposed
asymmetrical power circuit configuration without any
additional circuit elements.

REFERENCES
[11 Y. P. Siwakoti and F. Blaabjerg, “Common-Ground-Type
Transformerless Inverters for Single-Phase Solar Photovoltaic

Systems”, IEEE Transactions on Industrial Electronics, vol. 65, no. 3,
pp. 2100-2111, March 2018.

[2] T. Kerekes, R. Teodorescu and M. Liserre, "Common mode voltage in
case of transformerless PV inverters connected to the grid," 2008 /EEE
International Symposium on Industrial Electronics, Cambridge, 2008,
pp. 2390-2395.

[3] W. Li, Y. Gu, H. Luo, W. Cui, X. He and C. Xia, "Topology Review
and Derivation Methodology of Single-Phase Transformerless
Photovoltaic Inverters for Leakage Current Suppression,”" in /EEE
Transactions on Industrial Electronics, vol. 62, no. 7, pp. 4537-4551,
July 2015.

[4] C.Phanikumar, J. Roy and V. Agarwal, "A Hybrid Nine-Level, 1-¢ Grid
Connected Multilevel Inverter With Low Switch Count and Innovative
Voltage Regulation Techniques Across Auxiliary Capacitor," in /JEEE
Transactions on Power Electronics, vol. 34, no. 3, pp. 2159-2170,
March 2019.

[5] S.S.LeeandK. Lee, "Dual-T-Type Seven-Level Boost Active-Neutral-
Point-Clamped Inverter," in /EEE Transactions on Power Electronics,
vol. 34, no. 7, pp. 6031-6035, July 2019.

[6] X. Sun, B. Wang, Y. Zhou, W. Wang, H. Du and Z. Lu, "A Single DC
Source Cascaded Seven-Level Inverter Integrating Switched-Capacitor
Techniques," in /EEE Transactions on Industrial Electronics, vol. 63,
no. 11, pp. 7184-7194, Nov. 2016.

[7] J. Liu, W. Lin, J. Wu and J. Zeng, "A Novel Nine-Level Quadruple
Boost Inverter With Inductive-Load Ability," in /EEE Transactions on
Power Electronics, vol. 34, no. 5, pp. 4014-4018, May 2019.

0/ n].00 ©2020 IEEE

oaded on November 27,2025 at 05:53:39 UTC from IEEE Xplore. Restrictions apply.

Dow




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /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 /LeaveColorUnchanged
  /DoThumbnails false
  /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 false
  /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
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /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 200
  /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 400
  /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

  /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 "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


