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Abstract: The multilevel space vector pulse width modulation (SVPWM) is widely used for a multilevel 
inverter. However, the implementation of the SVPWM for a multilevel inverter is complicated. The complexity 
is due to the difficulty in determining the location of the reference vector, the calculation of on-times, and the 
determination and selection of switching states. This paper proposes a general SVPWM algorithm for multilevel 
inverters based on standard two-level SVPWM. Since the proposed multilevel SVPWM method uses two-level 
modulation to calculate the on-times, the computation of on-times for an n-level inverter becomes easier. The 
proposed SVPWM algorithm can be applied in both linear and over-modulation region. A five-level HNPC 
inverter is used to explain the proposed method. The scheme can be easily extended to a multi-level inverter. 
Finally, experimental results verify the validity of the method in this paper. In this paper, the design and 
implementation details of wireless ad-hoc terminals are proposed to build a rapidly deployable, frequency-agile, 
heterogeneous wireless network. Copyright © 2013 IFSA. 
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1. Introduction 

 
The multilevel inverter has been widely used in 

the drive field with high voltage and high power [1]. 
Compared with the two-level inverter, its output 
voltage has high quality. SVPWM is a commonly 
used algorithm for multilevel inverter modulation, 
which owns various advantages such as high 
utilization rate of DC voltage, smaller current 
waveform distortion, being apt to realize the 
digitization, etc. [2-3]. 

However, it is complicated to achieve multilevel 
SVPWM, especially in the over modulation region as 
its nonlinearity sharpens the complexity and 
difficulty of the algorithm. In the linear modulation 
range, the voltage utilization ratio of DC bus of 
SVPWM is 90.7 %. In order to further increase 

voltage utilization rate, it is necessary to adopt the 
over modulation algorithm [4-7]. 

In literature [8] and [9], the over modulation 
modifies the motion track of reference vectors via a 
lookup table. Based on different modulations, 
literature [8] calculates the opening time for each 
triangle. But due to the increased computational 
complexity, it is difficult for this algorithm to be 
extended to the n-level inverter )3( >n . Literature 
[9] uses the classification algorithm to conduct 
calculation in the over modulation region of three-
level NPC, but it fails to specify how to be extended 
to the n-level inverter )3( >n . 

This paper presents a multilevel SVPWM 
algorithm for linear modulation and over modulation 
operation. The main features of the algorithm are 
shown as follows [10-11]: 
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1) Due to the two-level geometric structure, the 
calculation of the opening time is simple. The 
calculation equation of opening time of the linear 
modulation mode and over modulation mode does 
not vary with the changes of reference  
vector position. 

2) Generally speaking, because of the nonlinear 
over modulation range, it is necessary to solve 
nonlinear equations and lookup table. There is no 
need to do this in this paper, so the calculation can  
be simplified.  

3) In the three-phase n-level vector diagram, each 
sector has 2)1( −n  triangles. The vector triangle is 

represented by j∆ , which can be obtained by simple 

algebraic operation. j∆  means the thj  triangle in 
2)1( −n  triangles of the sector. Using triangular sign 

j∆  could simplify and optimize the  
switching sequence. 

4) The main feature of this algorithm is that it is 
applicable to the n-level inverter without  
increasing computation. 

This algorithm can be verified by five-level 
HNPC inverter [12], as shown in Fig. 1. This 
algorithm can be extended to the n-level inverter as 
well as NPC topological structure. 

 
 

 
 

Fig. 1. Five-level HNPC inverter topology. 
 
 

2. Modulation Degree and Modulation 
Mode 
 
In this paper, the modulation degree is defined as 

stepsixim −= 11 νν , where 1ν  is the peak of 
fundamental voltage generated by the modulation 
wave, stepsix−1ν  is the peak of fundamental voltage 
modulated by the six-step wave [4]. For the HNPC 
inverter topology, ( ) dcstepsix Vπν 21 =− , where dcV  is 
the DC-side voltage of each H- bridge in Fig. 1. 
Based on the modulation degree ( )10 ≤≤ ii mm , 
there are three kinds of modulation modes, namely 
the sinusoidal mode or the linear mode 
( )907.00 ≤≤ im , the over modulation mode 
� ( )2max907.0 mmi ≤≤  and over modulation mode 
�. ( )12max ≤≤ imm . 2maxm  is a boundary between 
modulation mode I and II. This paper uses the control 
strategy similar to literature [6], 9535.02max =m . 
 
 

3. Calculation of the Multilevel Opening 
Time 

 
In the two-level inverter, the action time 

calculation of the vector is based on the sector 
position of the reference vector iS , 61→=i , the 

symbol ‘→’ means that i can take an integer  
from 1-6. 

 
 

 
 

Fig. 2. Space vector diagram for a two-level inverter. 
 
 
According to the geometric characteristics of the 

sector in Fig. 2, the action time is calculated as: 
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In Equation (1), h  is the height of the sector of 
the equilateral triangle iS  with a unit length, and 

ss fT 1= , where sf  is the switching frequency. 
Fig. 3 (a) represents the vector of the first sector 

of the five-level. Each sector is divided into 16 
triangles j∆ , and 150 →=j . The length of 

reference vector ∗ν  is ∗ν , and its angle on axis α  

is γ . In Fig. 3 (b), define the small vector sν  in 
( )oo βα , , and its angle on axis αο is sγ . Since the 

vector sν  in ( )oo βα ,  has the same action effect as 
∗ν  in ( )βα , , therefore, the action time of any 

reference vector can be obtained by solving the 
action time of small vector sν . 

 
 

 
 

Fig. 3. Space Vector diagram for a five-level inverter. 
 
 

First, determine the small triangle where the 
reference vector lies, and then calculate the 
coordinates of the small vector ( )s

o
s
o βα νν , . As shown 

in Fig. 3 (b), the calculation of the action time is 
similar to the calculation of the two-level. Triangles 
in multi-level sector are identical with those within 
the two-level sector, and the idea can be extended to 
an arbitrary level progression. For example, if A7 is 
considered as the zero vector, then the triangle ∆11 is 
similar to the two-level sector 1S , as shown in Fig. 2 
and Fig. 3 (b). Thus, the calculation of the multi-level 
action time can be simplified to that of the  
two-level one. 

Since the triangle is the basic unit, any suitable 
vertex can be selected as the virtual zero vector. For 
example, in the triangle ∆8 of Fig. 3 (a), any vertex 
A5, A8 or A9 can be selected as a virtual zero vector 
to form the desired switching sequence. The action 
order of action time at , bt , and ot  is determined by 
that of the switching state. 

 

4. Five-level Linear Modulation and 
Modulation Operation 
 
The voltage vector diagram of three-phase 

voltage source inverter is a regular hexagon, 
composed of six sectors. Therefore, this algorithm 
takes the first sector as an example and the rest 
sectors are similar to the first one. 

For the position of the given reference vector, its 
sector ( )61 ≤≤ ii SS  and angle ( )600 ≤γ  could be 
obtained by Formula (2): 

 
( )
( )60/

160/int
θγ
θ

rem
Si

=
+=

 (2) 

 
In Formula (2), ( )3600 ≤≤ θθ  is the angle of 

the reference vector under α  axis, int is a function 
with the integer, and rem  is the function with  
the remainder. 
 
 
4.1. Linear Mode ( )907.00 ≤≤ im  
 

As shown in Fig. 4, in this mode the movement 
locus of reference vector ∗ν  is circular. Vector arrow 
P can be arranged in any of the 16 triangles ∆0-∆15. 
The triangle in Fig. 4 is regarded as a sector of two-
level structure, and the small vector in this structure 
can be used to identify the location of P. In addition, 
the calculation Formula (1) of two-level structure is 
used to calculate the action time of each small vector. 
 
 

 
 

Fig. 4. Space Vector diagram of the first sector of a five-
level inverter showing linear mode, 907.00 ≤≤ im . 

 
 

For the sake of simplicity, the sector A0 A10 A14 in 
Fig. 4 is constituted by two types of triangles: type 1 
and type 2. The base of the type 1 triangle is in the 
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bottom, such as ∆4 and ∆13; the base of type 2 
triangle is at the top, such as ∆5 and ∆10. 
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The position of P depends on the coordinate 

( )oo βα νν , , which can be decided by the integer 1k  
and 2k . In Formula (3), 1k  represents the sector 

between the line 133 kxy =+  and 

( )133 1 +=+ kxy . For example, 21 =k  means 
the sector between the line A3A5 and A6A9. k2 means 
the sector between the line 2hky =  and 

( )12 += khy , for example, 12 =k , representing the 
sector between line A2A11 and line A5A12. k1 and k2 
mean the cross section of these two regions, triangle 
or rhombus. In Fig. 4, 21 =k  and 12 =k , the 
reference vector vertex P lies in the rhombus region 
A4 A7 A8 A5.  

This rhombus is composed of triangle ∆6 and ∆7. 
Taking A4 as the vertex, ( )ii βα νν ,  as the  
coordinate of P. 
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The slope of PA4  is βi αi/v v , the slope of 84 AA  

is 3 . The triangles that P lies in can be obtained by 

comparing the slope of PA4  and 84 AA . The slope 
comparison is conducted by the inequality 

aii νν β 3≤ , and there are two results for small 

vector sν  and triangle j∆ . 

1) aii νν β 3≤ ： P lies in triangle ∆6, small 

vector ( )s
o

s
o

s
βα ννν ,  is represented by ( )iiPA βα νν ,4  

and the triangle type is 
 

2
2
1 2kkj +=∆  (5) 

 
2) aii νν β 3> : P lies in triangle ∆7, small vector 

( )s
o

s
o

s
βα ννν ,  is represented by 

( )ii hPA βα νν −− ,5.08 , and the triangle sign is 
 

12 2
2
1 ++=∆ kkj  (6) 

 
These results are applicable for type 1 and type 2 

triangles. For example, if P is located in the ∆8, the 
inequality aii νν β 3≤  is true because ∆8 is type 1 

triangle. The small vector ( )s
o

s
o

s
βα ννν ,  is 

represented by ( )iiPA βα νν ,5 . In Formula (5) and 
Formula (6), ∆ means triangle, j means the triangle 
type. Therefore, ∆j is an integer, representing the jth 
triangle in the sector.  

Select the small vector ( )s
o

s
o

s
βα ννν ,  as the 

reference vector, and the action time is expressed by 
Formula (1) calculation. Formula (5) and Formula (6) 
are used to calculate the triangle sign ∆j. The triangle 
sign ∆j reflects the switch state and simplifies the 
calculation of PWM. The simple calculation formula 
of triangle sign ∆j can be extended to any level  
of series. 
 
 
4.2. Over Modulation Mode I 

( )9535.0907.0 ≤≤ im  
 

This part is a nonlinear region. As shown in 
Fig. 5, the thick dashed circles refer to the desired 
trajectory of the reference vector ∗ν . Modify the 
trajectory according to the modulation degree of im , 
and the trajectory of the actual vector Pν  arrow P is 
the thick solid line TSA12RQ, that is, the trajectory 
passes through the circular locus TS, then the linear 
locus SA12R in the A10 A14 of sector OA10A14, and 
finally the circular locus RQ. This trajectory 
modification could compensate for the loss of volt-
second characteristic. The linear trajectory moving 
along the A10 A14 in this article is the  
hexagon trajectory. 
 
 

 
 

Fig. 5. Space Vector diagram of the first sector of a five-
level inverter showing over-modulation mode I, 

( )9535.0907.0 ≤≤ im . 

 
 

In Fig. 5, ca  is defined as the crossing angle 
between the reference vector and hexagon trajectory; 
when cc aa −<≤ 3πγ , the reference vector moves 
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along the hexagon trajectory and the remaining part 
is the circular trajectory. Based on the knowledge of 
geometry, the angle αc is shown as follows 
 

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−=

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
−=

−

−

i
c

i
c

m

m

907.0cos524.0

32
cos

6

1

1

α

ππα

 (7) 

 
For a given modulation im , ca  is a fixed value, 

so there is no need to conduct calculation for each 
switch cycle. 

1) Hexagon trajectory )3( cc aa −<≤ πγ : For 
the hexagon trajectory, according to the knowledge 
of geometry and angle γ  as well as level series n, the 
coordinates of reference vector Pν  arrow P are 
shown as follows 
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Calculation of action time and triangle sign are 

the same to the calculation formula under the  
linear mode. 

Define the integer as 1k  and 2k  to determine the 
P‘s triangle sign. The same definition of 1k  and 2k  
are used to find the triangle that P lies in. The 
calculation formula of the two integers is shown  
as follows: 
 

( )hk
nk

/int
2

2

1

βν=
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 (9) 

 
The actual vector Pν  arrow P is located in the 

four triangles ∆9, ∆11, ∆13, ∆15. These triangles belong 
to type 1, so the small vector ( )s

o
s
o βα νν ,  can be 

directly obtained by the vector ( )βα νν ,  without the 
slope comparison. The formula is shown as follows: 
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Based on the coordinate ( )s

o
s
o βα νν , , the action 

time at  can be calculated according to the 
Formula (1), which is the same with two-level. ot  is 
0 in the hexagon trajectory, aSo tTt −= . ∆j of 
triangle sign is calculated by Formula (5). Therefore, 
the calculation amount of hexagon trajectory is less 
than that of circular trajectory.  

2) Circular trajectory ( cαγ <≤0 and 
33 πγαπ <≤− c ): Use the Formula (1) in linear 

mode to calculate the action time of circular 

trajectory, and then modify the action time to 
compensate the loss of volt-second characteristic in 
linear trajectory.  

In the over modulation mode�, the lateral losses 
of volt-second characteristic in the sector is 
proportional to )907.0( −im  based on the 
modulation degree im . The maximum value of im  
is 0.9535. Therefore, the maximum lateral loss of 
volt-second characteristic in the sector is proportional 
to )907.09535.0( − . The compensation factor λ  is 
defined as the ratio of the actual volt-second loss and 
maximum volt-second loss, then 
 

907.09535.0
907.0

−
−

= im
λ  (11) 

 
The compensation factor λ  is used to modify the 

action time. When the modulation degree mi changes 
between 0.907 and 0.9535, the compensation factor 
λ  varies from 0 to 1. For the given modulation 
degree im , the compensation factor λ  is a fixed 
value, so there is no need to calculate it during  
each cycle. 

In Fig. 5, for the circular trajectory, P can be 
located in the any triangle between ∆9→∆15. ∆9, ∆11, 
∆13 and ∆15 belong to type 1 triangles, and there are 
two vertices on the border of the sector A10 A14. ∆10, 
∆12 and ∆14 belong to type 2 triangle, and there is a 
vertex on the border of the sector A10 A14. According 
to the Formula (1) of linear model, the time of three 
vertices is respectively at , bt , ot . Different 
formulas are adopted to modify the action time of 
different types of triangles. For type 1 triangle: the 
time of two vertices in the hexagon trajectory is at  
and bt , and then the modified time is shown as 
follows: 
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The compensation factor λ  is used in 

Formula (12) to effectively reduce the action time of 
internal vector and increase the action time of 
external vector. To modify the type 2 triangle: the 
time of two vertices not in the hexagon trajectory is 

at  and ot , and then the modified time is shown  
as follows: 
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The compensation factor λ  is used in 

Formula (13) to effectively reduce the action time of 
internal vector and increase the action time of 
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external vector. In the formula (12) or Formula (13), 
when 907.0=im , 0=λ , there is no compensation. 
When 9535.0=im , 1=λ , 0=ot , the vector 
trajectory turns into a hexagon trajectory. 

For the given modulation degree im , in 
Formula (11) and (12) or (13), only the action time is 
modified and there is no need to adopt a lookup table 
or complex formula. Therefore, it reduces the 
complexity of modulation operation and is 
conductive to realize processors such as DSP. 
 
 
4.3. Over Modulation Mode II 

( )19535.0 <≤ im  
 

When the modulation degree im  is greater than 
0.9535, the circle locus in the trajectory vanishes and 
the action time ot  obtained by Formula (12) or 
Formula (13) is a negative number, so it is 
meaningless. Therefore, when im  is greater than 
0.9535, it is necessary to adopt the over modulation 
mode II. 

In the over modulation mode II, as shown in 
Fig. 6, the angle of the thick dotted arrow is hα . 

When hh απγα −<≤ 3 , the trajectory of vector Pν  
arrow P is hexagonal. Taking the vector with A10 and 
A14 as the as the great vector, there are 6 ones in the 
vector diagram. When ha<≤ γ0  and 

33 πγαπ <≤− h , vector Pν  is located in the  
great vector.  
 
 

 
 

Fig. 6. Space Vector diagram of the first sector of a five-
level inverter showing over-modulation mode II 

( )19535.0 <≤ im . 
 
 

Under normal circumstances, hα  is the nonlinear 
function of modulation degree, which is obtained by 
the look-up table. In this paper, hα  is obtained when 

the reference vector angular velocity and average 
angular velocity are equal. When the motor fV  
control is kept constant, the angular velocity is 
proportional to the modulation im . Therefore, for the 
given im , the time passing the angle δ  is equal to 

imkδ , where k  is a constant.  
1) The time covering the linear region is 

( ) 9535.023 hak −π ; 
2) The time that vector Pν  is positioned in the 

great vector is ( ) 0.12 hak ; 
3) The time covering the whole sector is 

( ) imk 3π . The time balance form is shown as 
follows: 
 

9535.0
23

0.1
23 hh

im
απαπ −

+=  (14) 

 
Formula (14) can be simplified as: 
 

ih m/53.2129.11 −=α  (15) 
 

In the Formula (15), there are only two algebraic 
operations for the modulation mi, i.e. a division 
operation and a subtraction operation. Therefore, the 
modulationⅡ mode can be easily achieved. 

When hh απγα −<≤ 3 , the hexagon trajectory 
in the action time calculation and modeⅠare the 
same. When ha<≤ γ0  and 33 πγαπ <≤− h , 
vector vP is positioned in the great vector. When 

0.1=im , the hexagon trajectory vanishes and vector 

Pν  only remains in the location of six great vectors, 
similar to the six-step wave modulation, in the two 
level structure. At this moment, the multilevel 
inverter loses its original properties. 

Calculate the action time, and then determine the 
switching sequence according to the sector number Si 
and triangle ∆j, finally the driving signals [13-14] of 
five-level inverter switching devices are obtained. 
 
 
5. Experiments 

 
In order to verify the effectiveness of the 

algorithm in this paper, as shown in Fig. 1, five-level 
HNPC inverter prototype is constructed and the 
controller with DSP+FPGA structure is adopted. 
DSP uses TI's TMS28335 to complete the main 
program and SVPWM operations. FPGA uses 
Actel’s A3P250 and is responsible for the driving 
signals of the switch devices with the sampling 
frequency kHzf s 2= . Prototype parameters: the DC 
side capacitor FC µ4700= , DC voltage 

VVdc 200= , three-phase inductive load mHL 3= , 
Ω=10R . Fig. 7, Fig. 8 and Fig. 9 represent the line 

voltage uab and phase current waveform ia when the 
modulation degree is 0.85, 0.93, 0.98, respectively 



Sensors & Transducers, Vol. 159, Issue 11, November 2013, pp. 198-205 

 204

corresponding to the linear mode, over modulation 
mode I and over modulation mode II. Experimental 
waveforms have good quality, which verifies the 
correctness of this algorithm. 
 
 

 
 

Fig. 7. Line voltage and phase current waveform, 
85.0=im . 

 
 

 
 

Fig. 8. Line voltage and phase current waveform, 
93.0=im . 

 
 

 
 

Fig. 9. Line voltage and phase current waveform, 
98.0=im . 

 
 
6. Conclusions 
 

This paper presents a simple multi-level SVPWM 
modulation algorithm. The position of the vector in 
this algorithm is represented by the triangular sign, 
and the switching sequence is obtained by the 
triangle sign, and the time computation is based on 
the two-level SVPWM. This algorithm is applicable 
to the linear modulation region and over modulation 

region. The action time in the over modulation region 
does not change the angle of vector and there is no 
need to solve the complex equation and adopt the 
lookup table, which could reduce the complexity of 
implementation. It can be applied to the higher-level 
inverter without too many changes. Finally, the five-
level HNPC inverter prototype is constructed to 
verify its effectiveness, coupled with the 
experimental waveforms. 
 
 
References 
 
[1]. Kouro S., Malinowski M., Gopakumar K., et al., 

Recent advances and industrial applications of 
multilevel converters, IEEE Transactions on 
Industrial Electronics, 57, 8, 2010, pp. 2553-2580. 

[2]. Kanchan R. S., Baiju M. R., Mohapatra K. K., et al., 
Space vector PWM signal generation for multilevel 
inverters using only the sampled amplitudes of 
reference phase voltages, IEE Proceedings of 
Electric Power Applications, 152, 2, 2005,  
pp. 217-223. 

[3]. Celanovic N., Boroyevich D., A fast space-vector 
modulation algorithm for multilevel three-phase 
converters, IEEE Transactions on Industry 
Applications, 37, 2, 2001, pp. 637-641.  

[4]. Holtz J., Lotzkat W. and Khambadkone A. M., On 
continuous control of PWM inverters in 
overmodulation range including six-step, IEEE 
Transactions on Power Electronics, 8, 4, 1993,  
pp. 546-553.  

[5]. Lee D.-C., Lee G.-M., A novel overmodulation 
technique for space-vector PWM inverters, IEEE 
Transactions on Power Electronics, 13, 6, 1998,  
pp. 1144-1151.  

[6]. Tripathi A., Khambadkone A. M., Panda S. K., 
Direct method of overmodulation with integrated 
closed loop stator flux vector control, IEEE 
Transactions on Power Electronics, 20, 5, Sep. 2005,  
pp. 1161–1168. 

[7]. Tripathi A., Khambadkone A. M., Panda S. K., Stator 
flux based space vector modulation and closed loop 
control of the stator flux vector in overmodulation 
into six-step mode, IEEE Transactions on Power 
Electronics, 19, 3, 2004, pp. 775–782.  

[8]. Mondal S. K., Bose B. K., V. Oleschuk, et al., Space 
vector pulse width modulation of three-level inverter 
extending operation into overmodulation region, 
IEEE Transactions on Power Electronics, 18, 2, 
2003, pp. 604–611.  

[9]. Saeedifard M., Bakhshai A. R., Joos G., et al., 
Extending the operating range of the neuro-
computing vector classification space vector 
modulation algorithm of three-level inverters into 
overmodulation region, in Proceeding of the 38th 
IEEE Industry Applications Conference (IAS Annual 
Meeting), 1, 2003, pp. 672-677.  

[10]. Gupta A. K., Khambadkone A. M., A Space Vector 
PWM Scheme for Multilevel Inverters Based on 
Two-Level Space Vector PWM, IEEE Transactions 
on Power Electronics, 53, 5, 2006, pp. 1631-1638.  

[11]. Gupta A. K., Khambadkone A. M., A General Space 
Vector PWM Algorithm for Multilevel Inverters, 
Including Operation in Overmodulation Range, IEEE 
Transactions on Power Electronics, 22, 2, 2007,  
pp. 517-526.  



Sensors & Transducers, Vol. 159, Issue 11, November 2013, pp. 198-205 

 205

[12]. C. M. Wu, W. H. Lau and H. Chung, A five-level 
neutral-point clamped H-bridge PWM inverter with 
superior harmonic suppression: A theoretical 
analysis, in Proceedings of the IEEE International 
Symposium on Circuits and Systems, 5, 1999,  
pp. 198–201.  

[13]. B. Wu, Z. Cheng, Space Vector Modulation with 
Flexible Three-Segment Switching Sequence for 
Five-Level Inverters, in Proceeding of the 8th 

International Conference on Electrical Machines and 
Systems, 2, 2005, pp. 1408-1413.  

[14]. B. Wu, Z. Cheng, A Novel Switching Sequence 
Design for Five-Level HNPC-Bridge Inverters With 
Improved Output Voltage Spectrum and Minimized 
Device Switching Frequency, IEEE Transactions on 
Power Electron, 22, 6, 2007, pp. 2138–2145. 

 

 
___________________ 

 
2013 Copyright ©, International Frequency Sensor Association (IFSA). All rights reserved. 
(http://www.sensorsportal.com) 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


