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Abstract— This paper presents a new Hybrid-bridge
asymmetrical transformerless five-level photovoltaic(PV)
inverter and also addresses the behavior of common mode
voltage(CMV) and their modulation scheme. The proposed
inverter topology is derived from the combination of half-bridge
and diode-clamped module, which shall be able to produce less
variations in the total CMV and suppress the leakage current as
per the DIN VDE 0126 1-1 standards. This can be done through
an asymmetrical filter inductor introduced between the inverter
and loads. Moreover, the losses due to switching and conduction
are less because of the lower voltage stress and reduced switching
count which results in higher efficiency of operation. The
voltage/current THD of the proposed five-level PV inverter is
also within the standard limits. To realize the operation of the
five-level inverter output voltage, CMV and leakage current
measurement the simulation work is performed in Matlab
software and their results are presented.

Keywords— Transformerless multi level Inverter, Common
mode voltage, Sinusoidal pulse width modulation, Total harmonic
distortion.

I. INTRODUCTION

Transformerless PV inverters are gaining more popularity in
the recent years because of their reduced size, cost and
reliability. The features of the transformer in the grid connected
inverter systems are that they boost inverter output voltage and
provides isolation while feeding power from panels into the
grid. The cost and size of such configuration is more as well as
the efficiency is falls to nearly 2-3% with the usage of line
frequency transformer [1]-[2]. To serve the above mentioned
features a high frequency transformer with DC-DC conversion
stage is depicted between PV source and inverter which
reduces the cost and size of the system. But efficiency of the
system is still challengeable due to increase in conversion
stages [3]. Hence transformerless inverters are the best option
for the grid integration from the PV panel [4]. The variation in
CMV causes more leakage current flow across the grid and PV
panel is the major drawback of the system and also not
advisable as per the safety standards [4]-[5]. Many topologies
are reported in the literature to overcome these drawbacks by
employing the proper filter circuit, choosing effective
modulation technique, design of an efficient inverter topology,
and proper placement of an inductor [6]. The typical
transformerless inverter shown in Fig.1.

The transformerless PV inverters are addressed using the
following common structures of diode clamped also called
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Fig.1 Typical transformerless PV inverter [4]

NPC, Flying capacitor and H-bridge inverter [7]. In NPC
topology [8] and Flying capacitor clamped inverters [9] the
neutral point of the grid is always taken to the centre of the DC
capacitors to balance the CMV even in the freewheeling
period. But these topologies requires double the PV voltage,
complex control structure, less efficiency, and more component
count than the H-bridge inverters for the same output power
[10]-[11].

In the recent literatures some efforts are carried towards
multi-level transformerless inverters with reduced switch count
and control complexity. In [12] a SL-ANPC transformerless
inverter with flying capacitor is presented. The 5L-ANPC is
already commercially available in the market for medium
power applications because of its reduced costs and volume
compared to the conventional flying capacitor and diode
clamped inverters. But it requires a complex modulation
strategy to maintain a stable DC voltage across the flying
capacitors. Further development of a reduced switch count 6S-
5L ANPC is proposed in [13]. Here the balancing of flying
capacitor voltage is carried out with the available redundant
states in the PWM generation. Some other five-level
transformerless inverters are reviewed in [14], instead of using
flying capacitor for the level generation coupled inductor are
used across the load to support the reactive power sharing to
the load and to achieve constant CMV. But the coupled
inductor based inverter structure will increase overall system
size and cost. Venu Sonti and Sachin Jain proposed [15-16],
five-level module type transformerless PV inverters and the
levels in output voltage waveform is achieved by using less
number of active switches. But the circuit needs dead-time
between each semi-conductor switch which are on the same leg
to avoid short-circuit and conduction losses also be more.

G.Vazquez and P.R Martinez-Rodriguez proposed in [18]-
[19], five-level transformerless inverter for grid tied PV
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systems using H5&Heric concept. In this topology eight power
semiconductor switches are used to produce five-level output
voltage and which can capable to limit the leakage ground
current. M.J. Lopez-Sanchez proposed in [17], a single phase
asymmetrical NPC inverter topology. But the conduction losses
are more in the freewheeling period due to the use of three
active switches. The switching losses also more in the NPC leg
because it’s operating at high switching frequency. The
limitation of the above said topology has large value of leakage
current due to the absence of dead time during switching. Some
other Hybrid-bridge transformerless inverter topology also
proposed in [21], to reduce the complexity and to improve the
efficiency. But the output filter size, THD and switching stress
of the power semiconductor switches are high. Moreover it can
only produce three-level operations.

Therefore, in this paper a new Hybrid-bridge asymmetrical
transformerless five-level photovoltaic inverter derived from
the topology taken for the study [22]. The topology utilizes
two isolated DC voltage sources in order to realize the five-
level output voltage. Moreover, the analysis majorly focuses
on the grid independent five-level inverter under fault
conditions. Hence, in this work addressing of common mode
voltage behavior and its corresponding leakage current are
majorly taken for the proposed transformerless five-level
inverter topology. This topology is derived with the use of a
half-bridge module and diode clamped module for the
generation of level voltage and to maintain constant common
mode voltage (CMYV). The proposed inverter is found to have
higher efficiency due to the effective conduction and reduction
in the switching voltage stresses. Moreover, the size, cost and
control complexity of the inverter are minimized due to the
absence of flying capacitors and coupled inductors. The
simple sine PWM is employed to generate the triggering

pulses to the inverter switches and it can also minimize the
leakage current flowing into the PV panel from grid through
parasitic capacitances.

II. HYBRID-BRIDGE FIVE LEVEL INVERTER

The schematic arrangement of the proposed hybrid-bridge
five-level PV inverter consisting of eight active switches and
two diodes are shown in Fig. 2. It is derived from the
combination of a half bridge module with the NPC module
hence it’s referred as Hybrid-bridge. The five level output
voltage is achieved with the use of bidirectional switches by
dividing the dc voltage. Hybrid-bridge asymmetrical topology
uses an inductor filter between VSI and the load. This also
limits the CMV variations. The detailed operation of the five-
level production and all the possible switching states are
depicted in Table I.
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Fig.2 Prof)osed Transformerless PV inverter.
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(e) freewheeling period when (iL>0)
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TABLE.1 SWITCHING STATES OF THE PROPOSED INVERTER

Switching States Siriwee
Modes of operation Current path combination Van Van
S1 | S2 | S3 | S4 | S5 | S6 | s7 | S8 matt
Ve 1 0 0 0 1 1 0 0 S1-Load-S5-S6 Ve + Ve Ve 0
Positive
0.5 Vge 0 0 0 0 1 1 1 0 S7-Load-S5-S6 Vei 0.5 Vg 0
iL>0 0 0 0 0 1 0 0 0 D2-Load-S5 0 0 0
Zero
iL<0 0 0 0 1 0 0 0 1 S4-Load-D1 0 0 0
-0.5 Vg 0 0 1 1 0 0 0 1 S8-Load-S3-S4 Ve 0.5 Vg Ve
Negative
-Vae 0 1 1 1 0 0 0 0 S2-Load-S3-S4 Ve + Vo 0 Ve
This explains the level generation, current path and Vi = Van+Ven 3)
corresponding switches which are under operation. The very 2
popular level shifted sine PWM technique is employed to Vey = Vi L2-11 )
produce the level with simple control operation. Figs. 3(a) & 2(L1+L2)

(b) illustrates the Vg, 0.5V, voltage level production and the
conducting switches when power delivered to load at positive-
half cycle operation. Similarly, -0.5V,. and -V voltage level
generation and conducting switches when power delivered to
load at negative half-cycle operation is given in Figs. 3(c) &
(d) respectively. Table I clearly highlights the various
switching conditions under level generation are used.
Moreover, during the freewheeling period, when load current
is more than zero the switch S5 and D2 will conduct. If it’s
less than zero the switch S4 and D1 will conduct as shown in
Figs. 3(e) and (f) respectively. The special feature of the
proposed topology is not using any dead time circuit during its
operation. Hence the developed of the proposed configuration
is simple.

III. COMMON MODE VOLTAGE & MODULATION STRATEGY

A. Common Mode Voltage Calculation

The common model used to estimate the CMV voltage for
single phase PV applications is given in Fig. 4[5]. The
common-mode behavior for the proposed topology can be
expressed with the help of generalized common mode model.
The expression used for the calculation of common-mode
voltage (Vi) and differential-mode voltage (Vy,) is as
follows;

Viem = Vem + V1 (D
Vam = Van — Van 2)
Vemv-an  yg1 LeL1 Lem
M r@_@_m‘(\_rwvx N
I Vemv-tot
' Cem
Cpl é
| —— |
- < — —__"16¢
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Fig.4 Equivalent common mode model [5].

From the Eq. 4. The location of the filter can directly affect the
current mode behavior. If the filter inductor split into two equal
half’s between line and the neutral wires, some leakage current
will flow in the ground path from the above mentioned
equations. Besides, if the filter inductor is implemented in the
phase between inverter and grid, the leakage current in the
ground path is to be reduced to desired limits. Therefore, filter
inductor is used as just like NPC inverter [5].

The calculated results from the Equations (1) to (4) as tabulated
in Table II. It can be observed that the CMV remains constant
in the positive half-cycle. This shows that the leakage current
flows in the ground wire is close to zero from Eq.5. From
Table II there will be a change in the magnitude of Vtcm after
the freewheeling period, which can allows flowing small
leakage current in the ground path. Finally, in the negative
half-cycle, the common-mode voltage of V4. is maintained
constant, which results in the leakage current is reduced to zero

current.
AVtem

ireak = Cpy it ®)
TABLE I COMMON MODE VOLTAGE CALCULATION
Level Vdm ch Vsl Vtcm
. Vdc Vdc 0.5 Vdc -0.5 Vdc 0
Positive
0.5 Vg 0.5 Vg 0.25 Vg | -0.25Vg 0
0 0 0 0 0
Zero
0 0 0 0 0
) -0.5 Vg, -0.5 Vg | 0.75 Vg 0.25 Vg4 Ve
Negative
'Vdc 'Vdc 0.5 Vdc 0.5 Vdc Vdc
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B. Modulation Strategy
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Fig.5(a) Waveform of the proposed SLS-PWM. (b) Modulation PWM scheme
(c) Switching pattern.

The modulation strategy is implemented based on the level-
shifted sine PWM described in [20]. Fig. 5(a) shows the level
shifted sinusoidal PWM modulation is used for generating the
control signals [20]. Where Vsin represents the absolute
reference signal and carrier signals C1, C2 are used for the
comparison of the reference signal. The implementation of
sinusoidal level-shifted PWM technique is based on the two
outputs of PWM schemes and a sign function, which are
explained with the following expressions.

A=1,if Vg, > C2 otherwise 0
B =1, ifV, > Cl otherwise 0
C=1,if Vg, >0

The switching pattern for the inverter switches are depicted
in Fig. 5(b). The sum of A and B with C represents the
reconstruction of V;, during positive half cycle, while the sum
of A and B with inverted C represents the reconstruction of Vj;,
during negative half cycle. Finally, reconstruction of the
reference wave (V;, ) achieved out of this PWM signals. The
PWM pulses used to generate the switching sequences by
applying logical operations are as follows;

S1 = BC; S2=BC; S3=AC; S4=C

S5 =C;
S8 = (AB + AB)C

By applying these PWM pulses, the reference wave Vy, is
reconstructed trough the switching sequences for each one of
the eight switches as shown in Table I. The periods of
conduction of switches are very less as compared to the
existing topologies. This improves the overall efficiency of the
proposed five-level inverter due to reduced losses. The general
expression used for the calculation of modulation index is

S6= AC; S7=(AB+A4B)C

Vsin
M= v (6)
Where Vsin is the magnitude of reference sine waveform
and Vc is the height of the all carrier waves.

IV. COMPARISON BETWEEN PROPOSED INVERTER AND THE
EXISTING TOPOLOGIES

For better illustrations of the proposed topology the
comparison made among the existing topologies in terms of
device count, number of conducting devices in different modes,
dead-time requirement and losses. From Table III the total
active switches used in the proposed topology are more except
topology [19], even though the total number of switches
conducting in one cycle is less as compared to other topologies.
Hence the proposed inverter having less conduction losses and
more efficiency. The practical implementation of the proposed
inverter is quite simpler because of no need of dead-time
circuit between the active switches.

V. SIMUATION RESULTS

Inorder to study the feasibility of the proposed hybrid-
bridge five-level inverter, the simulation work is taken in
Matlab environment. The simulations are focused on the
output level generation, power injected to the load, CMV,
leakage current and THD. The parameters considered for the
simulation study are as follows; P=750W, Vpv=325V,
fs=2.5kHz, L=1.5mH, R=65Q, Cp=100nF, Rp=0.1Q, and
Rg=1Q. Where Rp and Cp are the parasitic values of
resistance and capacitance of the PV panel and Rg is the
ground resistance. The measured inverter output voltage,
filtered output voltage and load current waveforms are given
in Fig.6. It can be seen that all the output waveforms shows
better response under loading.
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TABLE.III COMPARISON OF VARIOUS TRANSFORMERLESS INVERTER TOPOLOGIES

Parameter Topology[15] | Topology [16] | Topology[13] Topology [19] Proposed
No. of Active switches 8 7 6 8 8
No. of Diodes 0 0 2 4 2
Positive Vee 4 3 3 2 3
0.5 Vg 4 4 3 2 3
Conduction of Zero 0 2 2 3 1 1
switches
Negative -0.5 Vg 4 4 3 3 3
5 Ve 4 3 3 3 3
Dead-time Needed Needed Needed Needed Not needed
Losses More Medium Medium Less Less
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Fig.6 Simulation results of (a) Inverter output voltage (b) Filtered output
voltage and (c) load current waveforms

400 T T r

|
300- - -~~~ -~ ~—~"~"~"~"~"~"9{-~"—~"—~"———- A--—-—--- -
E 200 -~~~ -~~~ "~~~ """~~~ -~~~ 1
S 1000---- - -~~~ -~~~ ~"~~f{-~=~=—=—=—=~q4q-"~"=~=—=—— - -
o T T | T T N

| | |

_ I I I

105.2 0.21 0.22 0.23 0.24
Timel(sec)
(a)

o 10 20 30 40 50
Harmonic order

0

Fig.8 FFT window for the output current

The total common mode voltage is calculated in section III
is depicted in Fig. 7(a). It's to be noticed that the common
mode voltage having variations during changes in output
levels from O to -Vg4. and reaches as same as Vpv of 325V.
This shows the calculated value matches with the simulation
results as derived in Table II. For every cycle of operation the
change in the common mode voltage develops a small peak
current spikes in the ground path and almost invisible in the
enlarged diagram as shown in Fig. 7(b). The leakage current is
also within the standards of DIN VDE 0126 1-1. This ensures
the employability of the proposed hybrid-bridge five-level
inverter for transformerless PV applications. Moreover, the
output current THD waveform is within 5% and same as
shown in Fig. 8.

VI. CONCLUSION

The hybrid-bridge asymmetrical transformerless five-level
inverter is presented. The proposed topology can provide the
five-level output voltage which can be the special feature as
compared with the commercial single-phase transformerless
inverters. The proposed inverter significantly maintains the
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common mode voltage and also limits the leakage current
within the standards. The harmonic contents in the output of
multilevel inverter are less which reduces the cost of filter
components. The simulated results show better response
during loading conditions. The number of conducting devices
is also less which results in higher efficiency that motivates
the utilization of proposed topology for transformerless PV
applications.

REFERENCES

[1] O. P. Mahela and A. G. Shaik, “Comprehensive overview of grid
interfaced wind energy generation systems,” Renew. Sustain. Energy
Rev., vol. 57, no. October 2016, pp. 260-281, 2016.

[2] S. Chakraborty, M. M. Hasan, and M. Abdur Razzak, “Transformer-less
single-phase grid-tie photovoltaic inverter topologies for residential
application with various filter circuits,” Renew. Sustain. Energy Rev.,
vol. 72, no. January, pp. 1152-1166, 2017.

[3] L. Zhang, K. Sun, Y. Xing, and M. Xing, “H6 transformerless full-
bridge PV grid-tied inverters,” IEEE Trans. Power Electron., vol. 29, no.
3, pp. 1229-1238, 2014.

[4] 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,” IEEE Trans. Ind. Electron.,
vol. 62, no. 7, pp. 45374551, 2015.

[5] E.Gubia, P. Sanchis, A. Ursua, J. Lopez, and L. Marroyo, “Ground
currents in single-phase transformerless photovoltaic systems,” Prog.
Photovolt: Res. Appl., pp. 629-650, 2007.

[6] Z. Ozkan and A. M. Hava, “Classification of grid connected
transformerless PV inverters with a focus on the leakage current
characteristics and extension of topology families,” J. Power Electron.,
vol. 15, no. 1, pp. 256-267, 2015.

[71 J. Rodriguez et al., “Multilevel Voltage-Source-Converter Topologies
for Industrial Medium-Voltage Drives,” vol. 54, no. 6, pp. 2930-2945,
2007.

[8] H. Wang, Y. Liu, and P. C. Sen, “A Neutral Point Clamped Multilevel
Topology Flow Graph and Space NPC Multilevel Topology,” pp. 3615—
3621, 2015.

[9]1 F. H. H. Khan and L. M. M. Tolbert, “A Multilevel Modular Capacitor
Clamped DC-DC Converter,” Ind. Appl. Conf. Forty-First IAS Annu.
Meet., vol. 2, no. ¢, pp. 966-973, 2006.

[10] G. Inverters, “A Family of Neutral Point Clamped Full-Bridge
Topologies for Transformerless Photovoltaic,” vol. 28, no. 2, pp. 730-
739, 2013.

[11] O.LépeZ,R.Teodorescu,and J.Doval-Gandoy, “Multilevel transformerless
topologies for single-phase grid-connected converters,” Industrial
Electron. Conf., pp. 5191-5196, 2006.

[12] T. B. Soeiro, R. Carballo, J. Moia, G. O. Garcia, and M. L. Heldwein,
“Three-phase five-level active-neutral-point-clamped converters for
medium voltage applications,” 2013 Brazilian Power Electron. Conf.
COBEP 2013 - Proc., vol. 2, pp. 85-91, 2013.

[13] H. Wang, L. Kou, Y.-F. Liu, and P. C. Sen, “A New Six-Switch Five-
Level Active Neutral Point Clamped Inverter for PV Applications,”
IEEE Trans. Power Electron., vol. 32, no. 9, pp. 67006715, 2016.

[14] A. F. F. Inverter, “A Review of Hybrid Five-level Voltage Source
Inverters,” pp. 621-626, 2017.

[15] S. Jain and V. Sonti, “A Highly Efficient and Reliable Inverter

Configuration Based Cascaded Multi-Level Inverter for PV Systems,”

IEEE Trans. Ind. Electron., vol. 64, no. 4, pp. 2865-2875, 2016.

V. Sonti, S. Jain, and S. Bhattacharya, “Analysis of the Modulation

Strategy for the Minimization of the Leakage Current in the PV Grid-

Connected Cascaded Multilevel Inverter,” vol. 32, no. 2, pp. 1156-1169,

2017.

[17] M.J.Lpez-Sanchez, “A single-phase asymmetrical NPC inverter
topology,” pp. 253-258, 2016.

[18] J. M. Sosa, G. Escobar, and M. A. Juarez, “Transformerless Single-
Phase Multilevel Inverter for Grid Tied Photovoltaic Systems.” 40th
Annual Conference of the IEEE Industrial Electronics, pp.1868 - 1874,
2014.

[19] J. M. Sosa, G. Escobar, M. A. Juarez, and A. A. Valdez, “H5-HERIC
Based Transformerless Multilevel Inverter for Single-Phase Grid
Connected PV Systems,” pp. 1026-1031, 2015.

[20] G. I. U. Level-shifted et al., “Energy-Balance Control of PV Cascaded
Multilevel Grid-Connected Inverters Under Level-Shifted and Phase-
Shifted PWMs,” IEEE Trans. Ind. Electron., vol. 60, no. 1, pp. 98-111,
2013.

[21] W. Cui, H. Luo, Y. Gu, W. Li, B. Yang, and X. He, “Hybrid-bridge
transformerless photovoltaic grid-connected inverter,” Power Electron.
IET, vol. 8, no. 3, pp. 439-446, 2015.

[22] A, Madhukar Rao,Sivakumar, K. A Fault-Tolerant Single-Phase Five-
Level Inverter for Grid-Independent PV Systems IEEE Trans. Ind.
Electron., vol. 62, no. 12,  pp. 7569-7577,  2015.

(16

Authorized licensed use limited to: NATIONAL INSTITUTE OF TECHNOLOGY WARANGAL. Downloaded on November 29,2025 at 05:25:18 UTC from IEEE Xplore. Restrictions apply.




<<
  /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


