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Abstract - In order to reject the voltage disturbance of matrix 

converter’s output side from nonlinear loads and improve the 

comprehensive performance of power converter system, this 

paper presents a randomized carried modulation strategy based 

on Markov chain for four-leg matrix converter. It is an optimal

randomized carried modulation strategy taking the random 

transient matrix as variables, and taking the output voltage 

waveform quality, switching count and electro-magnetic 

interference level as optimized objectives. An approximate 

formulation is used due to the complexity of performance 

indicator’s analytical description. This method, on the one hand, 

is able to reflect the real performance of the system; on the other 

hand, it simplifies the optimization problem. This modulation 

strategy has many advantages such as less computation burden 

and easier realization compared with three-dimensional space 

vector modulation. Both Simulations and experimental results 

verify the feasibility of the proposed method. 

Keyword: 3-Dimension space vector modulation strategy, 

four-leg matrix converter, Random carrier modulation strategy, 

Markov chain 

I. INTRODUCTION 

Matrix converter[1]-[3] has attracted much attention since 

1980s because of its advantages such as bidirectional energy 

transfer ability, controllable input power factor, compact in 

structure and small in volume. But all of the merits are based 

on the preconditions which the power supply and the loads are 

symmetrical. A novel four-leg matrix converter is presented, it 

is because the traditional matrix converter with 3×3 matrix 

structure is incapable of dealing with disturbance from 

nonlinear loads. In reference [4], a modulation strategy based 

on space vector modulation is presented, but it requires heavy 

computation load because of the requirements of coordinate 

transformation, recognizing of prisms and tetrahedrons, duty 

ratio calculation based on projection matrix [5]. In order to 

overcome the shortcomings mentioned above, a new method 

based on carrier modulation is proposed for four-leg matrix 

converter in this paper. 

Matrix converter, as one important member of power 

electronics family, like many other power converters, contains 

a plenty of harmonics component because its operation 

waveforms are a series of high-speed narrow pulses. In 

addition, because the matrix system exist parasitic inductance 

and capacitance, the
dt

du
, 

dt

di
induced by high-speed switches 

results in serious Electro Magnetic Interference (EMI) 

problem [6] [9]. In order to meet the requirement of Electro 

Magnetic Compatibility (EMC), which posed a challenge to 

design of input or output filter, lots of passive solutions such 

as making use of laminated bus technique to reduce parasitic 

inductance, increasing driver resistance and designing proper 

buffer circuits, can reduce the EMI to a certain extent. But 

those techniques need extra modification related to peripheral 

hardware. 

Randomized modulation technique can make the discrete 

spectrum transited into continuous spectrum by introducing 

random factors to the circuit. So it can mitigate EMI level of 

switch system effectively, and improve spectrum of energy 

distribution which concentrate on the switching frequency and 

its integer multiple frequencies, and reduce acoustic noise and 

mechanical resonance in adjustable speed drive (ASD) system. 

In reference [7], it is very effective to control power 

spectrum by introducing Markov chain into the modulation 

procedure of DC/DC converter. In this paper, a Randomized 

carried modulation based on Markov chain is proposed in 

terns of the inherent characteristics of matrix converter. The 

random transient matrix is optimized with the aims of 

minimizing switching counts and total harmonics distortion 
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(THD) of output voltage. 

II. CARRIED MODULATION STRATEGY 

A Calculation of offset signal 

Fig.1. Four-leg matrix converter topology  

The basis of carrier based modulation strategy is “voltage 

second balance” principle. Based on the principle, infinite 

modulation signals can be selected to synthesize the required 

output in theory. In three phase system, the degree of freedom 

of modulation signal is the zero sequence-signal, but for 

four-leg matrix converter, it is the offset signal. From figure.1, 

based on Kirchhoff’s voltage law, the equation (1), and 

constraints (2), (3) and (4) will hold.    

snisin uuu +=                  (1) 

dcindc uuu ≤≤−                  (2) 

dcnodc uuu 5.05.0 ≤≤−             (3) 

dciodc uuu 5.05.0 ≤≤−             (4) 

Where },,{ cbai ∈ and point “ o ” is the potential of 

virtual midpoint of DC bus, dcu denotes the DC bus voltage. 

After some manipulations on (1), (3) and (4), a compact 

inequality which the offset signal should hold is given as 

),,max(5.0),,min(5.0 cnbnandcnocnbnandc uuuuuuuuu −≤≤−−             

(5) 

Considering the constraint (2), then inequality (5) can be 

rewritten in the form of (6). 

⎪
⎩

⎪
⎨

⎧

−≤≤−−

<≤≤−−

<−≤≤−

othercaseuuuuuuuuu

uuuwhenuuuuuu

uuuwhenuuuuuu

cnbnandcnocnbnandc

cnbnandcnocnbnandc

cnbnancnbnandcnodc

),,max(5.0),,min(5.0

0),,max(:5.0),,min(5.0

0),,max(:),,max(5.05.0

  (6) 

⎪
⎪
⎪

⎩

⎪⎪
⎪

⎨

⎧

−−

<
−

>
−

othercases
uuuuuu

uuuwhen
uuu

uuuwhen
uuu

cnbnancnbnan

cnbnan
cnbnan

cnbnan
cnbnan

,
2

),,max(),,max(

0),,max(,
2

),,min(

0),,min(,
2

),,max(

       (7) 

Inequality (6) represents the range of the offset signal. 

Different output voltages with different performances in 

microscopic such as low common voltage, switching loss and 

distortion, will be achieved by choosing proper offset voltage. 

In following simulations and experiments, the offset voltage is 

selected according to (7). 

B.  Analysis of modulation strategy  

Current space vector modulation strategy is carried out at 

the rectifier side of four-leg matrix converter. Referring to 

fig.2, the duty ratios are calculated as follows  

)63sin( πθπγ −−= kd             (8)                   

)3cos( πθσ kd −=                (9)    

Where k  represents the section number which the current 

vector belongs to, andθ  denotes the absolute value of phase 

angle.                  

θ

bau

cau

bcu

acu

abu

cbu

Fig.2. current space vector diagram 

In order to make the zero vectors not appear in the 

modulation of rectifier side explicitly, the normalization 

operations on duty ratios at rectifier side are used as follows 
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)(1 δdddd rrr +=              (10) 

)(1 δδδ dddd r +=              (11) 

Then the local average DC voltage is given as 

11 δγ duduu acabdc +=            (12) 

After being simplified, (12) can be rewritten as   

)
3

)1cos((

5.1

θ
π

−−

=

k

u
u m

dc           (13) 

Where mu denotes peak value of grid phase voltage. As can 

be noted in (13), the local DC voltage fluctuates with the 

frequency of six time fundamental frequency of power supply. 

As shown in figure.2, the reference current vector lie in 

section I, where DC voltage is synthesized by voltage abu

and acu .It is assumed that there exists a real DC voltage dcu , 

and the required output voltage is *
iou ,then the normalized 

modulation signal is denoted as dcioio uuu *2= .However, the 

DC voltage in the middle of matrix converter is synthesized by 

abu and acu . If we just focus on inverter terminal of matrix 

converter, modulation signals in respective sub-carrier cycle 

have many choices. But considering the restraints from 

rectifier, the only choice is that each normalized modulation 

signals should be equal to iou .  

C. carrier and pulse synchronization 

The flexibility of space vector synthesis strategy lies in the 

position of zero vectors. While the corresponding degree of 

freedom of carrier modulation lies in carrier waves’ shapes. 

Taking the carriers in the shape of isosceles-triangle and 

right-angled triangle for example, we will get eight different 

combinations showed in figure.3 according to positions and 

shapes of carriers. Class A, B, G and H have the advantages of 

low harmonics in output voltage due to the symmetrical carrier 

waves, while the others possess of the merit of less switching 

count in per carrier cycle. Because zero vectors in any case are 

placed in which the commutation in rectifier side occurs; the 

advantage of zero current commutation can be kept in this 

strategy as in [3]. 

Matrix converter is different from front-end PWM converter 

with almost the same topology. This is because matrix 

converter’s modulation strategy has a prominent characteristic 

that the decoupling between rectifier and inverter is based on 

strict synchronization. Instead voltage source front-end PWM 

converter establishes the decoupling by a great electrolytic 

capacitor. So the synchronization is the key to normal 

operation of matrix converter. A class of classic 

synchronization switching sequence is shown in figure.4. 

Fig.3 several carrier wave forms 

Fig.4 Switch synchronization diagram based on carried modulation 

III. MARKOV-CHAIN BASED CARRIER MODULATION  

Switching different carriers randomly is also a means to 

introduce random mechanism. There are eight carriers which 

are available to synthesize the required output voltage in 

figure.3. Six of them are selected to serve as states of Markov 

chain. They will be divided into three groups according to 

their unique features. Group I includes carrier A and E, 

featured by beginning and ending the modulation procedure 

with zero vector )1,1,1,1( , Group II includes carrier B and C, 

featured by beginning and ending the procedure with the other

zero vector )0,0,0,0( , Group III consists of carrier G and H, 

characterized by beginning with a zero vector and ending with 

the other. Such combinations above have the advantage that 

the carrier in Group I or II can switch freely with minimum 

switching count in respective group. A proper state in Group 

III will serve as a transient state if one carrier will transit from 

Group I to Group II. Considering the constraints such as 
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minimum switching count and low THD, a Markov chain 

relied by proposed Stochastic Processes is depicted in figure.5.  

where the state A,B,C,E,H stands for the carrier A,B,C,E,H in 

figure.4 respectively. In order to explain the stochastic 

Processes, a transient random matrix is defined as follows.  
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    (14) 

Where A,B,C,D,E,H stands for state 1,2,3,4,5,6 respectively. 

The ),( ji entry stands for the probability for the state 

transiting from the ith state to the jth state, and the sum of 

entries in any row is 1. 

In order to evaluate performance of the proposed 

modulation strategy, the steady distribution vector π  is 

defined as follows. 

[ ]654321 πππππππ =      (15) 

p⋅= ππ                  (16) 

1654321 =+++++ ππππππ     (17) 

Where any element in the vectorπ  stands for the percent of 

average time which corresponding state will experience in 

steady state. In addition, the vector π  has to satisfy the 

constraint (16) and (17). 

Because the system introduces random mechanism, all 

related performance indexes must be weighted by Statistical 

properties. To get a kind of modulation with comprehensive 

optimal performance, a multi-objective optimization problem 

will be formulated.  

The optimization problem can be solved in two steps. Step I, 

solving optimal steady distribution vector; step II, solving 

optimal transient random matrix. 

Firstly, in order to get the optimal steady distribution, an 

objective function is defined as       

)()( 21 THDELossEJ ×+×= λλ         (18) 

121 =+ λλ                  (19) 

Where λ is the weight; )(LossE  is the mathematical 

expectation of switching count, and )(THDE denotes 

expectation of THD of output line-to-line voltage. 
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Fig.5 Markov chain 

According to (7), it will be noted that the system works at 

continuous PWM state. Denoting sampling frequency as cf , 

then switching frequency for carrier A, B is cf4 , cf2 for 

carrier C, E, and cf5  for carrier G, H. So the expectation of 

switching count is given as. 
)552244()( 654321 ππππππ +++++⋅= cflossE           (20)               

As so far, output voltage waveform quality can be evaluated 

in many ways such as flux harmonics distortion [9] and total 

harmonic distortion. Flux harmonics distortion has the 

advantage of simplicity and easy to describe in analytical 

expression. But in this case, waveform quality is related to 

power supply and 3-dimention output voltage vector, the 

complete analytical expression about flux harmonics distortion 

will be too complicated. In this study, an approximated 

approach is chosen to formulate waveform quality for random 

modulation strategy.  

HGE

CBA

THDTHDTHD

THDTHDTHDTHDE

⋅+⋅+⋅+

⋅+⋅+⋅=

654

321)(

πππ

πππ
    (21) 

Where iTHD },,,,,{ HGECBAi ∈  stand for the THD under 

carrier i , it can be got via simulations. 

Substituting (20) and (21) into (18), it is easy to get the 

optimal vectorπ . 

Then, according to the normalized optimal vector *π

solved above, the second objective function is given by 

2*))(( lim π−=
∞→

m

m

plineJ            (22) 

1
6

1

),( =∑
=j

jip                    (23) 

0),( >jip                     (24) 

Where return value of the function ()line  is an arbitrary row 

vector in a matrix. In fact, )(lim m

m

pline
∞→

 is equal to the 

steady distribution vector π . In the practical application, m

in (22) being set to 20 will be well in this case. Because the 
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complexity of the problem, a simple Genetic Algorithm is 

used to solve the transient random matrix; and the real coding 

is used here. Because of the limitation of space, the detailed 

procedures about GA are omitted here. 

IV. SIMULATION AND EXPERIMENT 

To verify the validity and feasibility of the proposed 

modulation strategy, Matlab/simulink is used to simulate the 

four-leg matrix converter system. Main parameters for 

simulation are listed in Tab.1. 

Tab.1 parameter list 

device parameters     

Power supply sV RMS /V        220 

)/( 1−⋅ sradiω        100 π

Sampling 

frequency 

sHZf /)(            2500 

Input filter 

Ω/sR                1 

mHLs /             0.2 

FCs μ/              30 

Output line-to-line Voltage’s power spectrums under 

strategy-A, C, and random modulation strategies are depicted 

in fig.6 (a), fig.6 (b) and fig.6(c) respectively. It is easy to 

draw a conclusion that the harmonic components under 

strategy-C at integer multiples of switching frequency is larger 

than that under strategy-A resulting from symmetry of local 

PWM pulses. Another evident conclusion is that power 

spectrum transit from discrete spectrum to continuous 

spectrum due to the introduction of random mechanism.  

A four-leg matrix converter prototype rated at 3.7Kw is 

developed in the laboratory. Its controller is composed of a 

DSP (TMS2407) and CPLD (EPM1270). The DSP is 

responsible for sampling voltages, calculating duty ratios, 

synthesizing modulation signals and generating random 

numbers. The CPLD serve as a PWM generator for matrix 

converter. The schemes of experimental prototype are: 

symmetrical three-phase power supply with line-to-neutral 

voltage 120 volts RMS are fed into matrix converter, voltage 

transfer ratio is set to be 0.75 and the prototype operates in 

the condition of no load. The parameters about Input filter are 

the same as that listed in Tab.1. Output line-to-line voltage 

with the frequency 25HZ is showed in fig.7. Fast Fourier 

Transform (FFT) analysis results under randomized 

modulation and strategy-A in the range from 0 to 12.5 kHz are 

showed in fig.8 (a) and fig.8 (b) respectively. The experiment 

results indicate that randomized modulation smoothes the 

harmonics greatly at the frequency of 2.5, 5, 7.5kHz etc. 

Meanwhile the experimental results showed in fig.9 represent 

the harmonics status of two different modulation strategies in 

a more wide range. The experimental results about them 

coincide with simulation results shown in fig.6. 

V. CONCLUSION 

The emergence of four-leg matrix converter has broadened 

area of application of the matrix converter. The proposed 

carrier modulation strategy based on optimal Markov chain 

improves efficiency of the system, EMC, and THD. The 

modulation is simple in realization and comprehension for 

engineers, and easy to be extended to other types of power 

converter’s applications. 
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Fig.6 FFT analysis of output line-to-line voltage

V
ol

ta
ge

 1
00

v/
di

v

Time 5ms/div

Fig.7 output line-to-line waveform 

Frequency 12.5 khz/div

A
m

pl
it

ud
e 

10
db

/d
iv

(a) FFT analysis for randomized carrier 

Frequency 12.5 khz/div

A
m

pl
it

ud
e 

10
db

/d
iv

(b) FFT analysis under carrier-A 

Fig.8 FFT analysis in the range from 0 to 12.5KHZ 
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random Carrier Modulation in the range from 0 to 125KHZ

REFERENCE 

[1] ALESINA A, VENURINI M G B. Analysis and design of 

optimum-amplitude nine switch direct AC-AC converters [J]. IEEE Trans. 

Power Electron, 1989, 4(1):101-112. 

[2] Huber, L.1 ; Borojevic, D. Space vector modulated three-phase to 

three-phase matrix converter with input power factor correction[J]. IEEE 

Transactions on Industry Applications, v 31, n 6, Nov.-Dec. 1995, p 

1234-46 

[3] L.Wei,T.A. Lipo. Matrix converter Topologies with reduced number of 

switches [J].IEEE Trans on Industrial Electronics, 2003: 675-680 

[4] Katsis,D.; Wheeler, P.W.; Clare, J.C.; Empringham, L.; Bland, M. A utility 

power supply based on a four-output leg matrix converter.[C] 40th IAS 

Annual Meeting, 2005, p 2355-2359 

[5] Zhang, R.1 ; Prasad, V.H.; Boroyevich, D. Three-dimensional space vector 

modulation for four-leg voltage-source converters[J]. IEEE Trans. Power 

Electron, v 17, n 3, May 2002, p 314-26 

[6] Ma Feng min, Wu Zheng guo Random Space Vector PWM Based on the 

Generalized Modulator [J]. Proceedings of the CSEE, 2007, 27(7): 

p98-102 

[7] Stankovic, A.M.1 ; Verghese, G.C.; Perreault, D.J. Randomized modulation 

of power converters via Markov chains[J].IEEE Trans. Control Syst. 

Technol, v 5, n 1, Jan. 1997, p 61-73 

[8] Wang Hao xiong, Wang Bin. Study of Randomized Period Modulation 

Based on Three-States Markov Chain. Proceedings of the CSEE, 2007, 

27(7): p98-10 

[9] Hava, A.M.; Kerkman, R.J.;Lipo, T.A. Simple analytical and graphical 

methods for carrier-based PWM-VSI drives[J]. IEEE Trans. Power 

Electron, 14(1), Jan. 1999, p 49-61 

Authorized licensed use limited to: Central South University. Downloaded on October 26, 2009 at 23:58 from IEEE Xplore.  Restrictions apply. 



<<
  /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 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /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 true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /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 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


