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Abstract—The harmonic distortion’s characteristics of the 

nearest-vector-selecting space vector control with common-mode 
voltage eliminating technique (CMVE-SVC) for three-phase 
multilevel voltage source inverter (MLVSI) are explored. The 
considered CMVE-SVC algorithm applies the particular MLVSI 
voltage space vectors, which produce the zero value of the 
common-mode voltage, i.e. the voltage across the load common 
point and the MLVSI common point. More specifically, the THD 
of the output phase voltage along with three its weighted THD of 
low orders are calculated in a virtual instrument of LabVIEW. 
The simulated dependences on the index of the amplitude 
modulation of the phase voltage are compared with the 
dependences of a recently proposed common-mode-voltage-
eliminating space vector pulse width modulation technique. The 
importance of the considered weighted THDs for the load current 
THD assessment is noted. 

Keywords—three-phase multilevel voltage source inverter, 
voltage space vector control, nearest vector selecting, common-
mode voltage elimination, total harmonic distortion, integrated 
voltage harmonics factors, weighted total harmonic distortion 

I. INTRODUCTION 
Notwithstanding a great diversity of circuitry topologies of 

modern multilevel voltage source inverters (MLVSI), their 
output power quality is greatly influenced by their control 
algorithms. Growing requirements for the limitation of higher 
harmonics content of voltage and load current waveforms, the 
necessity of common-mode voltage (CMV) limitation and 
elimination, search for ways to optimize electromagnetic 
processes and dynamic characteristics for particular MLVSI 
circuits is not even close to exhaustive list of reasons, based on 
which a rapid development of MLVSI control techniques 
occurs. Starting with first MLVSI circuits’ appearance and 
studying, many distinguished monographs, reviews and 
surveys on their control have been published throughout the 
world (see, for instance, [1–7]). Based on the analysis of the 
above-mentioned publications, one can easy conclude that all 
of the MLVSI control techniques can be roughly divided into 
scalar and vector ones and also into low-frequency and high-
frequency ones. 

The high-frequency techniques provide low values of THD 
and weighted THDs and make it possible to reduce a size of an 
output filter or even remove it from a MLVSI structure. The 

low-frequency techniques reduce a number of power 
transistors’ switchings per period and corresponding power 
losses in them that lets keep a high efficiency of MLVSI. One 
of the most widely used high-frequency methods is pulse width 
modulation (PWM) [2, 5, 7] in its diverse types. The low-
frequency techniques include the selective harmonic 
elimination, the space vector control (SVC), the nearest level 
control, the modified nearest level modulation scheme [6] etc. 

The scalar control techniques include mostly various 
carrier-based PWM types, which can be divided into the phase-
shifted multicarrier PWM and the level-shifted multicarrier 
PWM, into the sinusoidal PWM and the third harmonic 
injected PWM [2, 3, 8]. The space vector (SV) approach deals 
with MLVSI space vectors and switching states in order to 
streamline the output voltage generating and achieve a set 
reference value as the average voltage value per sampling 
period [2, 3, 7]. The time positioning on the sampling interval 
of the acting of the three vectors, nearest to the reference 
voltage SV (RVSV), produces an additional degree of freedom 
that can be utilized to achieve less higher-harmonics content of 
the output voltage. The space vector PWM (SVPWM) 
compared the scalar PWM has many proven advantages, such 
as the better input direct voltage source usage and the increased 
inverter output capability. Nevertheless, there are trends 
towards not only the results convergence of these two 
techniques using but also their approaches joint applying (see, 
for instance, [9]). 

The nearest-vector-selecting SVC (provided the number of 
MLVSI levels is enough high) and the low-frequency SVPWM 
are the two alternatives for obtaining enough low level of 
higher harmonics content of voltage and load current 
waveforms, with keeping low level of switching losses in 
semiconductor power switches. 

II. IMPORTANCE OF THIS RESEARCH 
The three above mentioned undesirable issues, namely, 

higher-harmonics distortion, CMV and power losses are, 
probably, main challenges of three-phase power generating 
systems based on MLVSI. The first two of them have clearly 
defined indicators. For example, the CMV of any three-phase 
MLVSI circuit is understood as the voltage across the common 
points of the load and of the supplying system (n and G 
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respectively), and it can be calculated as follows, taking into 
account a particular position of the node G: 

 

* * *
* AGexe BGexe CGexe
nGexe

( ) ( ) ( )( )
3

u t u t u tu t + +
=
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where XGu  is a phase voltage, referred to the node G; asterisks 
here and after indicate the normalized values, related to the unit 
direct voltage value dU  (base voltage level); each “exe” 
indicates the resulting control signal after applying the 
considered control technique. Its waveform must be replicated 
in an appropriate voltage of a power circuit. 

Since the CMV is the cause of many unwelcome effects, 
such as leakage currents through parasitic elements, shaft 
voltage and bearing currents in AC motors etc. [10], its 
reduction and elimination in a particular MLVSI circuit is one 
of the targets of an applied control strategy [1-5, 7, 11-17]. The 
problem complete overcoming is achievable when the zero-
common-mode-voltage MLVSI voltage space vectors 
(ZCMVSV) are being used. They correspond to *

nGexe 0u = . 
Though the price of such way of the elimination of the 
common-mode voltage is a large increase in the load voltage 
harmonic factors’ values, increase in the number of MLVSI 
levels effectively mitigates this deterioration of output voltage 
quality. 

In this situation the high harmonics level evaluation and 
control are coming to the fore. The conventional tool for the 
harmonic distortion assessment of a voltage u  signal 
waveform is the total harmonic distortion factor (THD), which 
is called also the voltage harmonics factor huK  and can be 
calculated as follows: 
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where U , (k)U  and (hh)U  are the RMS values of the whole 
signal of estimated voltage u , its k-order harmonic component 

(k)u  and higher harmonics component (hh)u , respectively, in 
accordance with equation (1) (hh)u u u= + . 

Unfortunately, the load current’s THD, as a rule, does not 
correlate directly with the output voltage’s THD, therefore the 
latter cannot be a criterion for quite sufficient quality 
comparative evaluation of some voltage source output voltage. 
The voltage THD shows only a quantity (“weight”) of higher 
harmonics in relation to a fundamental one and does not talk 
about a distribution of harmonics in a frequency range of a 
voltage spectrum, in particular, about their proximity to the 
voltage fundamental component. This is important, for 
instance, in some designing process, which is taking into 
account filtering properties of both the load itself and the 
specially installed circuits. 

The criteria that take into account both the “weight” of 
high-frequency harmonics and their position in the spectrum 
are the integrated voltage harmonics factors (IHF), i.e. 
weighted THD (WTHD) factors, of various orders. They make 
weighted (by the harmonic order number) summation of 
harmonics, as a matter of fact, modeling the effect of the action 
of the amplitude-frequency characteristic of the idealized 
electric circuit of the corresponding order. Such ideal filter 
reduces harmonics’ magnitudes by the number of times equal 
to the harmonic order number raised to the filter order power. 
That is exactly what we can see in the following equation for 
the n-order voltage IHF [18]: 
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where 
(n)
(1)U  and 

(n)
(hh)U  are the RMS values of the n times 

integrated MLVSI output voltage components, (1)u  and (hh)u  
(of the fundamental circular frequency ω  and of the higher 
harmonics, respectively). 

The THD is the zero-order IHF in this system of factors, 
and it corresponds to a pure resistive load. 

It should be noted, that Professor G.S. Zinoviev (NETI, 
now NSTU, Novosibirsk) has offered these IHF indices by 
more than 30 years ago [19], i.e. at least 10 years earlier than 
the well-known first order WTHD factor (the first order IHF 

(1)
huK  in the considered system of factors) [2] was used for the 

first time (approximately in 2000). 

The IHF application for the MLVSI load current’s THD 
assessment is shown in section IV. The considered here issues 
have an impact on the most of the MLVSI loads functionality 
and efficiency, thus underscoring the importance of this 
research. 

III. PURPOSE OF PAPER 
Many of the MLVSI common-mode-voltage-eliminating 

control techniques apply the ZCMVSV vectors, mentioned in 
the previous section, see for example, [12, 16, 17]. 

The ZCMVSVs in coordinate frame with the new oblique-
angled 60-degree axes of normalized values of MLVSI load 
phase-to-neutral-point voltages are presented in Fig. 1. Treating 
the reference vector RVSV as vector in the load phase 
voltages’ coordinates ( )* *

Cn An,u u  considerably simplifies both 
the selection of the three modulating ZCMVSV vectors and 
their duty-cycles in common-mode-voltage-eliminating space 
vector pulse width modulation (CMVE-SVPWM) [20, 21]. 

Provided the number of MLVSI levels is enough high, the 
space vector control with the nearest-vector-selecting for the 
common-mode voltage elimination (CMVE-SVC) can be 
regarded as a main competitor of the low-frequency CMVE-
SVPWM. 
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Fig. 1. Space vector diagram with triangles of the three nearest zero-
common-mode-voltage voltage space vectors of three-phase multilevel 
inverter in new coordinates of normalized values of load phase voltages. 

The CMVE-SVC technique for MLVSI has been proposed 
in [12], where a significant number of calculations are needed 
to measure distances from RVSV position to the ZCMVSVs. 

The new implementation of the CMVE-SVC makes it 
possible to simplify the nearest-vector-selecting calculations 
thanks to considering the RVSV barycentric coordinates on the 
triangles of the three ZCMVSV vectors nearest to the reference 
vector RVSV1. Previously this approach has been proposed and 
studied for the case of processing and using the full set of 
MLVSI space vectors [22]. Regardless of the algorithmic 
implementation, the results of the CMVE-SVC applying are the 
same. But as far as we know, the only THD is considered for 
CMVE-SVC technique, and no IHFs’ behavior investigations 
have already been accomplished. 

The purpose of the paper is to fill this gap in the CMVE-
SVC researching through the developing and using of a 
CMVE-SVC controller LabVIEW simulation model and the 
obtaining dependences of the THD and of the three weighted 
THDs of the lowest orders on the amplitude modulation index 
of the output phase voltage. These dependences will be shown 
in comparison with ones of the CMVE-SVPWM [21]. 

IV. THEORY 
The IHF factors are closely related to the method of the 

differential equations algebraization (ADE) which allows 
finding asymptotically with the preset accuracy the closed 
analytical form expressions for the mathematical relations 
between the voltages and currents RMS values, using the 
coefficients of the integral-differential equation without solving 
it [18], [19]. 

To understand the fundamental importance of the IHF 
factors for the MLVSI load current’s higher harmonics content 
assessment, we should turn to the simplified equivalent circuits 
of some MLVSI with its load, shown in Fig. 2. 

a)            b) 

c)  d) 

Fig. 2. Simplified per phase equivalent circuits of three-phase multilevel 
voltage source inverter and its loads: R-load circuit a), RL-load circuit 
b),R-load circuit with inverter output LC-filter c), RL-load circuit with 
inverter output LC-filter d). 

Here An ( )u t  is the phase A MLVSI output voltage, i  is the 
phase load current, L  and R  are the phase load inductance 
and resistance, fL  and fC  are the elements of phase MLVSI 
output LC-filter. 

After applying the ADE procedure to differential equations, 
corresponding to the circuits of Fig. 2, first approximation 
estimates of the MLVSI phase load current’s THD (the factor 
of current’s harmonics hiK ) have been derived and here 
summarized in Table I. The first approximation means deletion 
of terms with once integrated higher harmonics component 

(hh)i  in a resulting integral equation in accordance with the 
“filter hypothesis” [18]. The similar THD assessing can be 
performed for any element of any equivalent circuit regarding 
the current in this element or the voltage across it. 

As can be seen, each estimate of load current’s THD is 
directly proportional to the exposure voltage’s IHF of the order 
(from zero to three), equal to the order of a differential equation 
corresponding to the considered equivalent circuit of a 
generalized load. Thus, the set of the lower-order IHF factors 
of the generated MLVSI voltage provides its description, 
necessary for the load power quality assessment and prediction 
in a particular MLVSI-based AC power supply system. 

TABLE I.  EQUATIONS FOR ASSESSMENT OF LOAD CURRENT THD  

Equivalent Circuit 
of MLVSI With 

Its Load 

Factor of Load Current’s Harmonics Khi (THD) 

R-load circuit (0)
h hu uK K=  

RL-load circuit 
( )( )

1 2(1) 2
h 1 R LuK ω ⋅ +  

 

R-load circuit 
with inverter 
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1 2
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1. N. N. Lopatkin, “New implementation of common-mode-voltage-
eliminating nearest-vector-selecting space vector control for three-phase 
multilevel inverter,” 2021 Int. Ural Conf. on Electrical Power Engineering, 
2021, in press. 
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It’s surprising, but IHF factors still haven’t become a 
conventional tool, widely used in related standards and in 
engineering practice. 

V. SIMULATION RESULTS 

The CMVE-SVC controller simulation model is here 
implemented in LabVIEW, since numerous LabVIEW 
simulations and developed virtual IHF-meter have proved to be 
useful and convenient2. The controller model, represented in 
Fig. 3, has mostly replicated the respective Matlab/Simulink 
model1. Here { }*

Xn Xnb u= , i.e. the fractional part of *
Xnu ; aYm  is 

the phase voltage amplitude modulation index, 

 *
aY d  m U U U= = , (4) 

U  and *U  are the value and relative value of the reference 
vector RVSV magnitude; the signals denoted by *

XGexeu  are the 
respective executed signals for phase legs to be replicated as 
power circuit phase-to-neutral voltages *

Xnu  (here * *
Xn XGu u= ). 

The new implementation of the CMVE-SVC technique1 
uses the two-component principle of the executed voltages 
shaping. For some sampling moment each of the two output 
phase-to-ground voltages, treated here as the executed voltage 
space vector coordinates, is calculated as follows: 

 
* * *
XGexe Xnexe Xnref Xnexeu u u f = = +  , (5) 

where *
Xnrefu  is the sampled reference voltage signal; *

Xnrefu    

is its integer part; Xnexef  functions are defined as follows: 
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upF  is the upward-pointing NTV triangle type identifier, w  is 
the logical inversion of w . 

The used in the developed model analog control might be 
treated as digital one with the tending to zero sampling period 
duration. For more detailed information on the above presented 
approach, please refer to [22] and to the references in it. 

The CMVE-SVC simulated IHFs’ dependences of the *
Anu  

waveform on the amplitude modulation index aYm  are 
presented in Fig. 4 and Fig. 5 up to the aY max 10m = . Thus, the 
curves provide the data on the content of the higher harmonics 
for the output voltage of a 21-level MLVS circuit. The curves 
of the same dependences of the CMVE-SVPWM [21] for the 
three values of the frequency modulation index fm  are placed 
in the figures for comparisons. Here f cm f f= , where cf  and 
f  are the clock-cycle and modulating frequencies, 

respectively. 

It can be seen that the considered CMVE-SVC is a quite 
competitive technique. It has a clear advantage in the voltage 
THD values, therefore it should be recommended for use in 
MLVSI circuits with nearly pure-resistive generalized loads. 
Regarding the rest of the factors, the CMVE-SVC is inferior to 
the CMVE-SVPWM having the frequency modulation index 
values, that beginning at least from 24 for the first aYm  
subrange and from 36 for the second one. This is due to the fact 
that the pulses of a more high frequency can be filtered out 
with a greater efficiency. 

 
Fig. 3. LabVIEW common-mode-voltage-eliminating nearest voltage space vector selecting controller for three-phase multilevel voltage source inverter with 

arbitrary level number. 

2. N. N. Lopatkin, I. S. Lucenko, and Yu. A. Chernov, “Virtual 
instrument for assessment of simulated signal integrated harmonics factors,” 
XIV Int. Sci.-Tech. Conf. on Actual Problems of Electronics Instrument 
Engineering, pp. 152–157, 2018. 



2021 International Ural Conference on Electrical Power Engineering (UralCon) 

a) 

b) 

c) 

d) 

Fig. 4. CMVE-SVC and CMVE-SVPWM simulated dependences on 
amplitude modulation index in its subrange 0…5: THD (a), IHF from 
the first to the third orders (b, c, and d). 

a) 

b) 

c) 

d) 

Fig. 5. CMVE-SVC and CMVE-SVPWM simulated dependences on 
amplitude modulation index in its subrange 5…10: THD (a), IHF from 
the first to the third orders (b, c, and d). 
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VI. CONCLUSION 
The nearest-vector-selecting space vector control, which 

uses the only particular voltage space vectors with the zero 
value of the common-mode voltage (i.e. the voltage across the 
load common point and the MLVSI common point), is 
considered. The relationships between amplitude modulation 
index of the phase voltage and its THD and integrated voltage 
harmonics factors values (weighted THDs) have been obtained 
by simulations in LabVIEW. They have been carried out for 
the initial amplitude range, namely, up to the line-mode range 
limit of a 21-level voltage source inverter. The dependences 
make it possible to evaluate beforehand the THD value of the 
current in the inverter load circuit’s element or of the voltage 
across it. 

It is now clear that this space vector control technique with 
common-mode voltage eliminating has advantage in the 
voltage THD values over the recently proposed space vector 
pulse width modulation, which uses the same set of the space 
vectors. Thus, it can be applied for any case where a reactance 
of a general equivalent circuit (of an inverter and its load) may 
be neglected. Regarding the load circuits, having filtering 
properties, deterioration of their load current waveform’s 
quality is balanced against the less switching power losses. So, 
development engineer of the particular power system would be 
able to set the relevant priorities. With an increase in the 
number of inverter levels, the voltages generated by the two 
methods under consideration tend to approaches one another in 
the integrated voltage harmonics factors’ values. Therefore, the 
issues of the power losses and efficiency should come to the 
fore. 

REFERENCES 
[1] J. Rodriguez, J.-S. Lai, and F. Z. Peng, “Multilevel inverters: a survey of 

topologies, controls, and applications,” IEEE Trans. on Industrial 
Electronics, vol. 49, is. 4, pp. 724–738, 2002. 

[2] D. G. Holms and T. A. Lipo, Pulse Width Modulation for Power 
Converters. Principles and Practice. IEEE Press, 2003. 

[3] Bin Wu and M. Narimani, High-Power Converters and AC Drives. 
Second Edition. Wiley-IEEE Press, 2017. 

[4] J. I. Leon, S. Kouro, J. Rodriguez, and Bin Wu, “The essential role and 
the continuous evolution of modulation techniques for voltage-source 
inverters in the past, present, and future power electronics,” IEEE Trans. 
on Industrial Electronics, vol. 63, is. 5, pp. 2688–2701, 2016. 

[5] I. A. Bakhovtsev and G. S. Zinovev, “PWM methods evolution,” 13th 
Int. Conf. on Actual Problems of Electronic Instrument Engineering, vol. 
10, pp. 129–144, 2016. 

[6] A. R. Kumar, T. Deepa, S. Padmanaban, and J. B. Holm-Nielsen, Low-
Switching Frequency Modulation Schemes for Multi-level Inverters. 
CRC Press, 2020. 

[7] D. Jiang, Z. Shen, Q. Li, J. Chen, and Z. Liu, Advanced Pulse-Width-
Modulation: With Freedoms to Optimize Power Electronics Converters. 
Singapore: Springer, 2021. 

[8] S. Wanchai, “A comparative study of sinusoidal PWM and third 
harmonic injected PWM reference signal on five level diode clamp 
inverter,” Energy Procedia, vol. 89, pp. 137–148, 2016. 

[9] Yao Wenxi, Hu Haibing, and Lu Zhengyu, “Comparisons of space-
vector modulation and carrier-based modulation of multilevel inverter,” 
IEEE Trans. on Power Electronics, vol. 23, is. 1, pp. 45–51, 2008. 

[10] A. Mütze, “Thousands of hits: on inverter-induced bearing currents, 
related work, and the literature,” Electrical and Computer Engineering 
(Elektrotechnik Und Informationstechnik), vol. 128, is. 11–12, pp. 382–
388, 2011. 

[11] P. C. Loh, D. G. Holmes, Y. Fukuta, and T. A. Lipo, “Reduced common 
mode carrier-based modulation strategies for cascaded multilevel 
inverters,” IEEE Industry Applications Conf., 37th IAS Annual Meeting, 
vol. 3, pp. 2002–2009, 2002. 

[12] J. Rodriguez, J. Pontt, P. Correa, P. Cortes, and C. Silva, “A new 
modulation method to reduce common-mode voltages in multilevel 
inverters,” IEEE Trans. on Industrial Electronics, vol. 51, is. 4, pp. 834–
839, 2004. 

[13] N. L. H. Bang, N. V. Nho, N. K. T. Tam, and N. M. Dung, “A phase 
shifted PWM technique for common-mode voltage reduction in five 
level H-bridge cascaded inverter,” Int. Conf. and Utility Exhibition on 
Green Energy for Sustainable Development, pp. 1–7, 2014. 

[14] P. M. Sibi Raj and M. R. Rashmi, “Reduction of common mode voltage 
in three phase inverter,” Int. Conf. on Technological Advancements in 
Power and Energy, pp. 244–248, 2015. 

[15] H. Chen and H. Zhao, “Review on pulse-width modulation strategies for 
common-mode voltage reduction in three-phase voltage-source 
inverters,” IET Power Electronics, vol. 9, is. 14, pp. 2611–2620, 2016. 

[16] T.-K.T. Nguyen, N.-V. Nguyen, and N.(R.)R. Prasad, “Eliminated 
common-mode voltage pulsewidth modulation to reduce output current 
ripple for multilevel inverters,” IEEE Trans. on Power Electronics, vol. 
31, is. 8, pp. 5952–5966 (1–15), 2016. 

[17] A. R. Sanjeevan, R. S. Kaarthik, K. Gopakumar, P. P. Rajeevan, J. I. 
Leon, and L. G. Franquelo, “Reduced common-mode voltage operation 
of a new seven-level hybrid multilevel inverter topology with a single 
DC voltage source,” IET Power Electron., vol. 9, is. 3, pp. 519–528, 
2016. 

[18] G. S. Zinoviev, Power Electronics. Textbook for Undergraduate 
Students. Moscow: Jurajt, 2015. 

[19] G. S. Zinoviev, Direct Methods of Calculation of Power Indicators of 
Valve Converters. Novosibirsk: NSU, 1990. 

[20] N. Lopatkin, “Common-mode voltage elimination of three-phase 
multilevel voltage source inverter by means of quarter-wave-symmetric 
space vector PWM approach,” in Proc. of 16th Int. Conf. on 
Electromechanics and Robotics “Zavalishin’s Readings”, St. Petersburg, 
Russia, 14–17 April 2021, SIST, vol. 232, A. Ronzhin and 
V. Shishlakov, Eds. Springer, Singapore, 2022, pp. 299–310. 

[21] N. Lopatkin and S. Fenskiy, “Integrated voltage harmonics factors 
estimation of multilevel voltage source inverter with common-mode-
voltage-eliminating space vector PWM,” 2021 XVIII Int. Sci. Tech. 
Conf. Alternating Current Electric Drives, pp. 1–6, 2021. 

[22] N. N. Lopatkin, “New implementation of nearest vector selecting space 
vector control for three-phase multilevel voltage source inverter,” 2018 
Int. Conf. on Industrial Engineering, Applications and Manufacturing, 
pp. 1–7, 2018. 

 



<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles false

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Gray Gamma 2.2)

  /CalRGBProfile (None)

  /CalCMYKProfile (None)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Warning

  /CompatibilityLevel 1.7

  /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 true

  /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

  ]

  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>







    /HUN <>

    /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 6.0 e versioni successive.)

    /JPN <>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /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 6.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>



    /SKY <>



    /SUO <>

    /SVE <>

    /TUR <>



    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)

    /RUS <>

  >>

>> setdistillerparams

<<

  /HWResolution [300 300]

  /PageSize [612.000 792.000]

>> setpagedevice



