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Abstract 
 
One of the major problems in electric power quality is the harmonic contents. 
Various switching techniques have been used in static converters to reduce the 
output harmonic content. Multilevel inverters are increasingly being 
considered for high power applications because of their ability to operate at 
higher output voltages along with less voltage stress across switches. In this 
paper, harmonic mitigation is carried out using cascaded h bridge multi-level 
inverter. Pulse Width Modulation (PWM) techniques for multilevel inverters 
have been extensively used in recent years. Sinusoidal PWM (SPWM) 
techniques for multilevel inverters have been properly deduced from that of 
two-level inverter. Systematic step by step analysis of  cascaded H bridge 
multilevel inverter has done for harmonic mitigation. Simulation is carried out 
in Atmel Studio and MATLAB. Results were presented for heating and 
induction motor application for cascaded h bridge It is observed that 
harmonics are mitigated for both loads at different load conditions.  
 
Keywords: Cascaded H-Bridge, Harmonic Mitigation, MATLAB, Multi-level 
Inverter.  

 
1. Introduction  
Numerous industrial applications demands higher power apparatus in recent years. 
Some medium voltage motor drives and utility applications require medium voltage 
and megawatt power level. For a medium voltage grid, it is troublesome to connect 
only one power semiconductor switch directly. As a result, a multilevel power 
converter structure has been introduced as an alternative solution in high power and 
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medium voltage situations. Subsequently, several multilevel converter topologies 
have been developed. This paper demonstrates use of the Cascaded H-bridge 
multilevel inverter topology. For such inverter, IGBTs and MOSFETs are used as 
switching devices to make the comparison with other multi-level inverter more 
realistic. The switches that are used for different inverters topologies are the same for 
all of the inverters. If the power losses are important, the 5-level diode clamped is the 
best choice since it has the lowest power losses between all other inverter topologies. 
A multilevel converter not only achieves high power ratings, but also enables the use 
of renewable energy sources. The multilevel inverter reduces voltage stress; the 
switching frequency can be reduced for the same switching losses; the higher output 
current harmonics are reduced by the same switching frequency.  
 
Multilevel inverter topologies have been proposed during the last two decades. 
Moreover, three different major multilevel converter structures have been reported in 
the literature: cascaded H-bridges converter with separate dc sources, diode clamped 
(neutral-clamped), and flying capacitors (capacitor clamped). Referring to the 
literature reviews, the cascaded multilevel inverter (CMLI) with separated DC 
sources is clearly the most feasible topology for use as a power converter for medium 
& high power applications due to their modularization and extensibility. [1], [2]. At 
present these inverters are highly visible in all Medium voltage drives, grid connected 
systems and FACTS devices. It is clear that, multilevel inverters are one of the best 
option for Medium and high power applications. [2], [5], [8], [9], [10], [11]. The 
cascaded multilevel inverter has following advantages compared to others, like the 
simplicity of regulation of the DC bus, modularity of control can be achieved. Unlike 
the diode clamped and capacitor clamped inverter where the individual phase legs 
must be modulated by a central controller, the full-bridge inverters of a cascaded 
structure can be modulated separately, the least number of components among all 
multilevel converters to achieve the same number of voltage levels and Soft-
switching can be used in this structure to avoid bulky and lossy resistor Capacitor-
diode snubbers. 
2. Methodology 
2.1 Multilevel Inverters  
a. Multilevel inverter includes an array of power semiconductor devices and 
capacitor voltage sources, the output of which generates voltages with stepped 
waveforms. The commutation of the switches permits the addition of the capacitor 
voltages to obtain high voltage at the output, while the power semiconductors have to 
withstand only reduced voltages.  
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Figure 1. Inverter output voltage waveform a) two level b) three level c) n level 
 
Fig.1. shows a schematic diagram of one phase leg of inverters with different number 
of levels, for which the action of power semiconductors is represented by an ideal 
switch with several positions. From Fig.1 we can observe a two level inverter 
generates an output voltage with two values (levels) with respect to negative terminal 
of the capacitor. While the three level inverter generates three voltages, and n-level 
inverter generates a n- level output voltages. In all cases this devices are not arranged 
in series but they are arranged in such way that, they gain the capability to generate 
such kind of voltages. Herein, we should remember one important thing i.e. as the 
number of steps increases in the output waveforms; harmonic content comes down. 
Thus power quality of such waveforms will increase drastically. However, in order to 
generate step kind of waveforms in output side, different multilevel based archetypes 
are successfully built and verified. But general principle of multilevel inverters is the 
synthesis of the ac voltage from several different voltage levels on the dc bus. As the 
number of voltage levels on the input dc side increases, the output voltage adds more 
steps. Which approach the sinusoidal wave. However, from above thought, to present 
a general idea about the steps in the output waveform, consider m to be the number of 
steps of the phase voltage with respect to the negative terminal of the inverter, and 
then the number of steps in the voltage between two phases of the load K is given by 
equation 1.1and 1.2 
 
K = 2m+1 (1.1) 
And the number of steps P in the phase voltage of a three phase load in wye 
connection is  
 
P = 2k -1 (1.2)  
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The term multilevel starts with the three-level inverter introduced by the Nabae et al. 
However topologically, multilevel inverters are largely divided into many 
configurations. The most common multilevel  
Converter topology is Cascade H-Bridge (CHB) Multilevel inverter. 
 
2.2 Cascaded Multilevel Inverter (CMLI) 
Cascaded H-Bridge (CHB) configuration has recently become very popular in high 
power AC supplies and adjustable-speed drive applications. A cascade multilevel 
inverter consists of a series of H-bridge (single-phase full bridge) inverter units in 
each of its three phases. Each H-bridge unit has its own dc source, which for an 
induction motor would be a battery unit, fuel cell or solar cell. Each SDC (separate 
DC source) is associated with a single phase full-bridge inverter. The ac terminal 
voltages of different level inverters are connected in series. Through different 
combinations of the four switches, S1-S4, each converter level can generate three 
different voltage outputs, +Vdc, -Vdc and zero. The AC outputs of different full 
bridge converters in the same phase are connected in series such that the synthesized 
voltage waveform is the sum of the individual converter outputs. Note that the 
number of output-phase voltage levels is defined in a different way from those of the 
two previous converters (i.e. diode clamped and flying capacitor). In this topology, 
the number of output-phase voltage levels is defined by m= 2N+1, where N is the 
number of DC sources. A seven-level cascaded converter, for example, consists of 
three DC sources and three full bridge converters. Minimum harmonic distortion can 
be obtained by controlling the conducting angles at different converter levels. Each 
H- bridge unit generates a quasi-square waveform by phase shifting its positive and 
negative phase legs‟ switching timings. Each switching device always conducts for 
180° (or half cycle) regardless of the pulse width of the quasi-square wave. This 
switching method makes all of the switching devices current stress equal. In the 
motoring mode, power flows from the batteries through the cascade inverters to the 
motor. In the charging mode, the cascade converters act as rectifiers, and power flows 
from the charger (ac source) to the batteries. The cascade converter scan also acts as 
rectifiers to help recover the kinetic energy of the vehicle if regenerative braking is 
used. The cascade inverter can also be used in parallel HEV configurations. This new 
converter can avoid extra clamping diodes or voltage balancing capacitors.  
 
The combination of the 180° conducting method and the pattern-swapping scheme 
make the cascade inverters voltage and current stresses the same and battery voltage 
balanced. Identical H-bridge inverter units can be utilized, thus improving modularity 
and manufacturability and greatly reducing production costs. Battery-fed cascade 
inverter prototype driving an induction motor at 50% and 80% rated speed both the 
voltage and current are almost sinusoidal. Electromagnetic interference (EMI) and 
common mode voltage are also much less than what would result from a PWM 
inverter because of the inherently low dv/dt and sinusoidal voltage output. 
The main advantages of using the cascade inverter in an induction motor include: 
(1) It makes induction motor more accessible/safer and open wiring possible for most 
of an induction motor power system. 
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(2) Traditional 230 V or 460 V motors can be used, thus higher efficiency is expected 
as compared to low voltage motors.  
(3) No EMI problem or common-mode voltage/current problem exists. 
(4) Low voltage switching devices can be used. 
(5) No charge unbalance problem exists in both charge mode and drive mode. 
 
Cascade inverters are ideal for an induction motor that has many separate dc sources 
(batteries) available for the individual H-bridges, these inverters are not an option for 
series hybrid induction motors because cascade inverters cannot be easily connected 
back-to-back. For series-configured induction motors where an onboard combustion 
engine generates ac power via an alternator or generator, a multilevel back-to-back 
diode clamped converter drive can best interface with the source of ac power and yet 
still easily meet the high power and/or high voltage requirements of the induction 
motor. 
Induction motors generally have an ac voltage source from an alternator or 
combustion-engine generator. A rectifier converts this ac voltage to dc for the electric 
energy storage devices on board – batteries or ultra-capacitors. An inverter converts 
the dc voltage to variable voltage variable frequency ac in order to drive the main 
induction motor. 
The multilevel converter can act as an inverter in drive mode when energy is being 
sent to the motor that drives the wheels and as a rectifier during regenerative braking 
or during charge mode when the vehicle is plugged into an external ac source. 
The reduction in dv/dt can prevent motor windings and bearings from failure. The 
staircase output voltage waveform approaches a sine wave, thus having no common-
mode voltage and no voltage surge to the motor windings. 
A cascaded multilevel inverter is discussed to eliminate the excessively large number 
of 
(1) Bulky transformers required by conventional multi pulse inverters, 
(2) Clamping diodes required by multilevel diode-clamped inverters, and 
(3) Flying capacitors required by multilevel flying-capacitor inverters. 
Also, it has the following features: 
1.It is much more suitable to high-voltage, high-power applications than the 
conventional inverters. 
2.  It switches each device only once per line cycle and generates a multistep staircase 
voltage waveform approaching a pure sinusoidal output voltage by increasing the 
number of levels. 
3.  Since the inverter structure itself consists of a cascade connection of many single-
phase, full bridge inverter (FBI) units and each bridge is fed with a separate DC 
source, it does not require voltage balance (sharing) circuits or voltage matching of 
the switching devices. 
4.  Packaging layout is much easier because of the simplicity of structure and lower 
component count. 
5. Soft-switching can be used in this structure to avoid bulky and lossy resistor-
capacitor- diode snubbers. 
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These advantages are our motivation to work on the harmonic analysis of cascaded 
five-level induction motor drives. 

 
Figure 2. Single Phase Structures of Cascaded Inverter (a) 3-level, (b) 5-level. 
 
One more alternative for a multilevel inverter is the cascaded multilevel inverter or 
series H-bridge inverter. The series H-bridge inverter appeared in 1975 [7]. Cascaded 
multilevel inverter was not fully realized until two researchers, Lai and Peng. They 
patented it and presented its various advantages in 1997. Since then, the CMI has 
been utilized in a wide range of applications. With its modularity and flexibility, the 
CMI shows superiority in high-power applications, especially shunt and series 
connected FACTS controllers. The CMI synthesizes its output nearly sinusoidal 
voltage waveforms by combining many isolated voltage levels. By adding more H-
bridge converters, the amount of VAR can simply increase without redesign the 
power stage, and build-in redundancy against individual H-bridge converter failure 
can be realized. A series of single-phase full bridges makes up a phase for the 
inverter. A three-phase CMLI topology is essentially composed of three identical 
phase legs of the series-chain of H bridge converters, which can possibly generate 
different output voltage waveforms and offers the potential for AC system phase-
balancing. This feature is impossible in other VSC topologies utilizing a common DC 
link. Since this topology consists of series power conversion cells, the voltage and 
power level may be easily scaled. The dc link supply for each full bridge converter is 
provided separately, and this is typically achieved using diode rectifiers fed from 
isolated secondary windings of a three-phase transformer. Phase-shifted transformers 
can supply the cells in medium-voltage systems in order to provide high power 
quality at the utility connection.  
The converter topology is based on the series connection of single-phase inverters 
with separate dc sources. Fig. 2 shows the power circuit for one phase leg of a three-
level, five level and seven-level cascaded inverter. The resulting phase voltage is 
synthesized by the addition of the voltages generated by the different cells. In a 3-
level cascaded inverter each single-phase full-bridge inverter generates three voltages 
at the output: +Vdc, 0, -Vdc (zero, positive dc voltage, and negative dc voltage). This 
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is made possible by connecting the capacitors sequentially to the ac side via the 
power switches. The resulting output ac voltage swings from -Vdc to +Vdc with three 
levels, -2Vdc to +2Vdc with five-level and -3Vdc to +3Vdc with seven-level inverter. 
The staircase waveform is nearly sinusoidal, even without filtering.  
 
Table-1: Switching State of the Five- Level Cascaded Multilevel Inverter. 

Voltage 
Vao 

Switch State 

S1 S2 S3 S4 S5 S6 S7 S8 
Vdc 1 1 0 0 1 1 0 0 

Vdc/2 1 1 0 0 0 1 0 1 

0 0 0 0 0 0 0 0 0 
-Vdc/2 0 1 0 1 0 0 1 1 

-Vdc 0 0 1 1 0 0 1 1 

 
3. Proposed Cascaded H Bridge Multi-Level Inverter 
The controller used to provide switching signals to all eight switches (IGBT) so as to 
control speed and toque is shown in figure 4. Switching signals are generated by 
microcontroller Arduino Mega -ATMEGA 2560 with ability to program with i/o 
digital and analog pins with operating at very high speed approaching 1 MIPS per 
MHz. Inbuild PID controller is used to generate error for speed which will act as 
modulating signal for generation of pulses by inphase deposition SPWM. Program is 
written in ATMEL Studio and loaded in microcontroller Arduino Mega. Then using 
MCT6 optocoupler isolation of signals ae carried out and given to driver circuit of 
IR2110 single phase driver of International rectifier to drive IGBT used. IR2110 is 
capable of driving one leg (upper and lower) of H-bridge as seen in figure 3. However 
separate optocouplers are required for each switching signals. Separate 5 V power 
supply is required for optocoupler and 12 V supply is required for driver which can 
be taken from any of the single battery. The RL load is used to generate results. The 
program for generation of inphase deposition SPWM with PID controller is given 
below. 
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Figure 3. Circuit Diagram of 1-Phase Five Level Cascaded Multilevel Inverter 
Induction Motor Drives 
 

 
Figure 4. Control Diagram 
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4. Results and Discussion 
This section presents the results obtained. These results are also discussed here. 
 
4. 1. System Parameters: 
Input parameters: 
Vdc1 = Vdc/2= 120V, 
Vdc2 = Vdc/2= 120V, 
Output parameters: 
Vac =  240 V, 
Iac   =  4.16 A, 
Load = Single Phase, 1HP, 230V,1440 RPM, Induction Motor; 
Simulation Tool: MATLAB 
 
4. 2. Controller Design Parameters: 
Kp = 0.0015688 
Ki = 0.022212 
Kd = 0.00001 
Controller type: Discrete Parallel from PID 
Sampling Time: 5x10-5 s 
Tuning: Ziegler Nicholas Method   
 
4. 3. PID controller results:  
Model Parameters:  
Vdc1 = 120V;  
Vdc2 = 120V;  
Motor – single phase 1hp CSCR motor;  
 
4. 4. PID Parameters:  
Kp = 0.0015688  
Ki = 0.022212 
 Kd = 0.00001  
Controller type : Discrete Parallel form PID  
Sampling Time : 5x10-5 s  
Tuning : Tuned by using matlab PID tuner app 
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Figure 5. Triangular waves and sine wave signals used for IPD SPWM 
generation method.  
Here 4 triangle generators are used for 4 level (zero level not considered). Switches 
corresponding to the level are triggered when sine amplitude is greater than triangle. 
 

 
Figure 6. PID controller graphs.  
 
In Fig. 6. (i) Represents the output control signal generated by the PID controller in 
order to reach set point. (ii) Is the error signal given to the PID input, which is 
difference between set point and actual speed. (iii) Graph of the actual motor speed in 
RPM, here RPM is varied in two steps. First at t=0 set point = 800 and then at t = 4 
set point is 1400, hence the reference tracking can be seen with step change in set 
point 
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Figure 7. Motor data from measurement bus of motor block.  
In Figure 7, (i) Graph of the current taken by stator winding of the motor in Amperes 
(ii)Rotor speed of the motor in RPM (iii) Electromagnetic torque generated on the 
rotor in Nm. 

 
Figure 8. Voltage waveform of the five level inverter at the output of LC filters. 
Next two figures show expanded view of the waveforms for different RPM’s of 
motor. 
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Figure 9. Expanded view of the motor voltage at 1400RPM  
 
As seen from the above figures, motor voltage distortion reduces as the motor RPM 
reaches to its maximum level as motor gets every input as per its rated values. Same 
effect is observed in next simulation conditions where motor speed is varied in three 
steps 800RPM, 1000RPM and 1200RPM. 
 Two sets of 9 lead acid batteries of 12 V each with fully charged voltage of around 
13.8 V, 40 Ah are used to get independent required input voltage Vdc1 and Vdc2. 
This source is connected to single phase five level cascaded bridge multilevel 
inverter. Single phase capacitor stat and run induction motor is connected as load. 
The circuit diagram of five level H bridge inverter is shown in figure 3. It consists of 
two H Bridge made up of IGBT with antiparallel diode as switch. Two bridges are 
connected in cascade and output is connected to single phase induction motor.  
Voltage and current sensors are used for sensing motor voltage and current and 
optical speed sensor is used for sensing speed as shown in figure 3. 
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Figure 10. FFT PID Voltage THD Result   
 

 
Figure 11. FFT PID Current THD Result   
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5. Conclusion  
The paper demonstrates that the use of a cascaded H-bridge multilevel inverter with 
Sinusoidal Pulse Width Modulation (SPWM) is an effective approach for mitigating 
harmonic content in electric power systems. Multilevel inverter topology enables 
operation at higher output voltage levels while reducing voltage stress across 
switching devices, making it suitable for high-power applications. The systematic 
analysis and simulation carried out using Atmel Studio and MATLAB confirm that 
the proposed configuration significantly reduces harmonic distortion. The results 
obtained for both heating loads and induction motor applications under different load 
conditions show improved output waveform quality and reduced harmonic 
components. Therefore, the cascaded H-bridge multilevel inverter with SPWM 
provides a reliable and efficient solution for harmonic mitigation in practical power 
electronic applications. 
 
References:       
[1] J. I. Leon, S. Vazquez, L. G. Franquelo,“Multilevel Converters: Control and 
Modulation Techniques,” IEEE Transactions on Industrial Electronics, vol. 63, no. 5, 
May 2016, pp. 2553–2563. 
[2]  T. Kerekes, R. Teodorescu, P. Rodriguez,“ Inverter Topologies for Grid-
Connected PV Systems,” IEEE Transactions on Power Electronics, vol. 31, no. 7, 
July 2016, pp. 4766–4775. 
[3] Mohammad Farhadi Kangarlu, Student Member, IEEE, and Ebrahim Babaei, 
Member, IEEE A Generalized Cascaded Multilevel Inverter Using Series Connection 
of Sub multilevel Inverters IEEE transactions on power electronics, vol. 28, no. 2, 
February 2013 pp: 625-636. 
[4] Farid Khoucha, Soumia Mouna Lagoun, Khoudir Marouani, Abdelaziz 
Kheloui, and Mohamed El Hachemi Benbouzid, Senior Member, IEEE Hybrid 
Cascaded H-Bridge Multilevel-Inverter Induction-Motor-Drive Direct Torque Control 
for Automotive Applications IEEE transactions on energy conversion, vol. 28, no.3,  
September 2013 pp: 43-651. 
[5] Marcelo C. Cavalcanti, Alexandre M. Farias, Kleber C. Oliveira, Francisco A. 
S. Neves, and João L. Afonso, “Eliminating Leakage Currents in Neutral Point 
Clamped Inverters for Photovoltaic Systems”, IEEE Trans. On Industrial Electronics, 
Vol. 59, No. 1, pp. 435- 443, Jan 2012. 
[6] Jeffrey Ewanchuk, John Salmon, and Behzad Vafakhah, “A Five-/Nine-Level 
Twelve- Switch Neutral-Point-Clamped Inverter for High-Speed Electric Drives”, 
IEEE Trans On Industry Applications, Vol. 47, No. 5, pp. 2145-2153, Sept/Oct 2011. 
[7] Farid Khoucha, Soumia Mouna Lagoun, Khoudir Marouani, Abdelaziz 
Kheloui, and Mohamed El Hachemi Benbouzid, “Hybrid Cascaded H-Bridge 
Multilevel-Inverter Induction-Motor-Drive Direct Torque Control for Automotive 
Applications”, IEEE Trans. On Industrial Electronics, Vol. 57, No. 3, pp. 892-899, 
March 2010. 
[8] Mariusz Malinowski, K. Gopakumar, Jose Rodriguez and Marcelo A. Perez 
“A Survey on Cascade Multilevel inverters”, IEEE Trans. Ind. Electron. , vol. 57, no. 
7, July 2010.’ 



17080   A. S. Mane and Dr. V. S. Bandal 

[9] Mohamed S. A. Dahidah,Georgios  Konstantinou, and Vassilios G. Agelidis, 
“SHE-PWM and Optimized DC Voltage Levels for Cascaded Multilevel Inverters 
Control”, IEEE Symposium On Industrial Electronics And Applications(ISIEA 
2010), pp. 143-148,Oct 2010. 
[10] Zhong Du, Leon M. Tolbert, Burak Ozpineci, and John N. Chiasson, 
“FundamentalFrequency Switching Strategies of a Five-Level Hybrid Cascaded H-
Bridge Multilevel Inverter”, IEEE Trans. On Power Electronics, Vol. 24, No. 1, pp. 
25- 33, Jan 2009. 
[11] J. Rodriguez, L. G. Franquelo, S. Kouro, J. I. Leon, R. C. Portillo, M. A. M. 
Prats,and M. A. Perez, “Multilevel converters: An enabling technology for high-
power applications,” Proc. IEEE , vol. 97, no. 11, pp. 1786–1817, Nov. 2009. 
[12] Mohamed S. A. Dahidah, and Vassilios G. Agelidis, “Selective Harmonic 
Elimination PWM Control for Cascaded Multilevel Voltage Source Converters: A 
Generalized Formula”, IEEE Trans. On Power Electronics, Vol. 23, No. 4, pp. 1620-
1630, July 2008. 
[13] Pablo Lezana, José Rodríguez, and Diego A.  Oyarzún, “Cascaded Multilevel 
Inverter With     Regeneration Capability and Reduced Number of Switches”, IEEE 
Trans. On Industrial Electronics, Vol. 55, No. 3, pp.1059-1066, March 2008. 
[14] J. A. Barrena, L. Marroyo, M. A. R. Vidal, and J. R. T. Apraiz, “Individual 
voltage balancing strategy for PWM cascaded H-bridge converter-based 
STATCOM,” IEEE Trans. Ind. Electron. , vol. 55, no. 1, pp. 21–29, Jan. 2008. 
[15] R. Gupta, A. Ghosh, and A. Joshi, “Switching characterization of cascaded 
multilevelinverter-controlled systems,” IEEE Trans. Ind. Electron. , vol. 55, no. 3, pp. 
1047–1058,Mar. 2008.  
[16] D. Kai, Z. Yunping, L. Lei, W. Zhichao, J. Hongyuan, andZ. Xudong, “Novel 
hybrid cascade asymmetric inverter based on 5-level asymmetric inverter,” in Proc. 
IEEE 36th Power Electron. Spec. Conf., Jun. 2005, pp. 2302–2306. 
[17] J. Rodriguez, J.-S. Lai, and F. Z. Peng, “Multilevel inverters: A survey of 
topologies,controls, and applications,” IEEE Trans. Ind. Electron., vol. 49, no. 4, pp. 
724–738, Aug. 2002. 
[18] K. Corzine and Y. Familiant, “A new cascaded multilevel H-bridge drive,” 
IEEE Trans. Power Electron. , vol. 17, no. 1, pp. 125–131, Jan. 2002. 
[19] Surin Khomfoi and Leon M. Tolbert, “Chapter 17 Multilevel power 
converter” Power electronic Handbook, Elsevier Publications. 
[20] F. Z. Peng and J. S. Lai, “Multilevel cascade voltage-source inverter with 
separate DC sources,” U.S. Patent 5 642 275 , June 24, 1997 
[21] F. Z. Peng and J. S. Lai, “Multilevel Cascade Voltage-source Inverter with 
Separate DC source,” U.S. Patent 5 642 275, June 24, 1997. 
[22] N. S. Choi, J. G. Cho, and G. H. Cho, “A general circuit topology of 
multilevel inverter,” in Proc. IEEE PESC’91, 1991, pp. 96–103. 
[23] P. D. Ziogas. The delta modulation technique in static PWM inverters. IEEE 
Trans Industrial Applications, IA-17(2):199–204, March 1981. 
 



<<
  /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
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments 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
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. 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 Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


