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Abstract-- The purpose of this project is to drive a three phase 
induction motor with the use of a single photovoltaic (PV) panel. 
The motor will be driven with the available power at the moment, 
because no battery will be implemented. In order to match the 
impedance of the panel (to extract the maximum power 
available) and boost the voltage, a fly back topology is proposed. 
In output of the flyback a three phase inverter is connected to 
drive the induction motor. This inverter will be controlled with 
the PWM unipolar technique. A maximum power point 
algorithm, the perturbation and observation, is implemented. 
Simulation results are provided. The panel delivered rated 210W 
and the motor achieved rated speed in open loop.  

 
 

Index Terms—solar panel, induction motor, inverter, flyback 
converter, pulse width modulation, maximum power point 
tracker 

I.  INTRODUCTION 
ith the use of a dependable and renewable energy 
source a device can operate independently from the 
grid. The objective is to operate an induction machine 

using the power from a photo voltaic panel. A power 
electronics interface is needed in order to operate the induction 
machine using the PV panel. By using a DC-DC converter 
combine with a DC-AC inverter it is possible to transfer the 
power efficiently from the panel to the machine using various 
methods. These methods are known as Maximum Power Point 
Trackers and work by changing the parameters of the power 
electronics components in order to obtain the maximum power 
available at the moment. A speed control method is also 
needed in order to drive the induction motor efficiently.  
 

Our proposed system consists of a solar panel followed by a 
power electronics interface that controls the speed of an 
induction motor. The system is going to be connected by a 
black box, that needs the input source (PV) and the Output 
(Motor). To maximize the available power in the PV, a 
maximum power point tracker (MPPT) will be implemented. 

  

 Fig. 1. Proposed system’s block diagram 

 
To accomplish this, the Perturb & Observe (P&O) technique is 
used. The DC/DC converter is implemented to match the 
impedance between panel and load for maximum power 
transfer. The DC/DC converter will be using a high frequency 
transformer because of the big step-up voltage needed. When 
the voltage is matched an inverter is used to create an AC 
source, with the possibility of a variable frequency. To 
maximize motor efficiency, both voltage magnitude and 
voltage frequency should be controlled. 

II.  PROJECT DETAILS 

A.  Photovoltaic panel 
A photovoltaic (PV) cell is a device that converts sunlight 

into electrical energy. An array of cells connected in parallel 
and/or series is called a PV panel. The power on the PV 
depends on solar irradiance, panel temperature and operating 
voltage and current. The current-voltage relationship, called 
the I-V characteristic, is a complex, non linear function. 
Various mathematical models have been developed to describe 
the behavior of the panel. In this project, the only source of 
power is a solar panel and maximum power needs to be 
extracted from it. 

 
The following model will be used for the photovoltaic panel 
ሺܸሻܫ         :[10] ൌ ௑1ܫ  െ exp ሺെ1ܾሻ · ൤1 െ exp ൬ ܸܾ כ ௑ܸ െ 1ܾ൰൨            ሺ1ሻ 

 ܲሺܸሻ ൌ  ܸ · ሺܸሻܫ ൌ  ܸ · ௑1ܫ െ exp ሺെ1ܾሻ· ൤1 െ exp ൬ ܸܾ · ௑ܸ െ 1ܾ൰൨                            ሺ2ሻ 

 
Where Ix is the short circuit current under Standard Test 
Conditions (STC), Vx is the open circuit voltage under STC, 
and b is the characteristic constant of the panel. The parameter 
b can be approximated as by:  
 

ܾሺ௡ାଵሻ ൌ ൬ ௢ܸ௣௑ܸ െ 1൰ln ሾ1 െ ൬ 1௢ܸ௣ܫ௦௖൰ · ሺ ௠ܲ௔௫ െ ௠ܲ௔௫ · exp ൬ െ1ܾሺ݊ሻ൰ሿ   ሺ3ሻ 
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Where Vop is the voltage at which the maximum power is 
extracted from the panel and Pmax is the maximum power point 
of the panel, all under STC. The panel  

 

B.  Maximum Power Point Tracker 
 A maximum power point tracker (MPPT) is a device that, as 
the name implies, looks for the maximum power point of a 
source and keeps it operating in that point. There are many 
techniques [1] used for implementing MPPT. The MPPT tries 
to match the power source to an impedance that demands the 
maximum power out of it. This variable impedance is usually 
a DC-DC converter to maintain very low losses in the system.  
 
 The PV is not always operating in its maximum power 
point, but with the use of an MPPT it is possible to force the 
PV to give the maximum power at the given irradiance. 
Different MPPT techniques are available; some are more 
complex than others [1]. For the project, the perturbation and 
observation (P&O) technique is going to be used because of 
the simplicity and the easy implementation. This technique is 
not running at real time, but considering that it will be 
implemented in a microcontroller and the internal calculations 
are done at high speed, it is almost real time. This technique is 
easily implemented by an algorithm using the power-voltage 
characteristics of the PV module. Knowing that at the right 
and the left of the maximum power point the power decreases, 
the converter’s duty cycle is changed depending on the last 
change in power and if the duty cycle was increased or 
decreased. To implement the P&O the power needs to be read 
at a time K, afterwards the voltage is changed. These readings 
are stored in memory. Next the power in time k+1 is read, if 
this power is incrementing we increment the duty ratio and by 
consequence the voltage in the PV. In the case that the power 
in the K+1 is lower than in the K time we decrement the duty 
ratio and by consequence the voltage. This technique is 
operating in the in the boundaries of the MPP. The algorithm 
of the P&O is presented in the fig. 3: 
 

C.  DC-DC Converter 
 A DC-DC converter is a switching device that takes a 

direct current (DC) voltage at one level and converts it to a 
DC voltage at another level. The basic converter consists of 
inductors, capacitors, diodes and transistors to step-down or 
step-up a voltage input. The three basic topologies are the 
buck (step-down), boost (step-up), and buck-boost (step up 
and down). Because the output of the converter depends on the 
state of the transistor switch, the converters are controlled by 
the duty cycle (a percentage of the time spent on the “on” 
state) of the transistor. By varying the duty cycle, the optimal 
load impedance for the PV module can be achieved. 
  
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
Fig. 2.  Model validation graphs. The experimental values (blue) vs. the model 
(red).  
 

 Fig. 3. The Perturbation and Observation Algorithm 
 
 

 The converter that will be implemented in the project is the 
flyback converter. The flyback has the same duty cycle 
relationship as the buck-boost except that it is multiplied by a 
transformer turns ratio gain to step up the voltage even more. 
This extra gain is useful in matching the panel’s 25 volt output 
to the nominal output of 240 V and keeping the number of 
converters to a minimum. 
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Fig.4 Circuit diagram of flyback converter. 
 
 
 The flyback is shown in figure 4. The dynamic equations of 
the flyback are: 
ݐ௅ଵ݀ܫ݀                   ൌ െ ൬ ଵܰܰଶ൰ ൬1 െ ௠ܮܦ ൰ ௢ܸ௨௧ ൅ ௠ܮܦ ௜ܸ௡                     ሺ4ሻ 

                       ݀ ௢ܸ௨௧݀ݐ ൌ ൬ ଵܰܰଶ൰ ൬1ܥ൰ ௅ଵܫ െ ൬1ܥ൰  ௢௨௧                         ሺ5ሻܫ

 
 Where IL1 is the current through the primary inductor, C is 
the output capacitor capacitance, Vout is the capacitor voltage, 
Lm is the primary inductor magnetizing inductance, D is the 
switch’s duty cycle, Vin is the input DC voltage, and Iout is the 
output load current. N1 is the number of turns of the primary 
of the transformer while N2 is the number of turns of the 
secondary side.  
 
 In steady state, the input-output relationships are: 
                              ௢ܸ௨௧௜ܸ௡ ൌ ൬ ଶܰܰଵ൰ ൬ 1ܦ െ  ൰                                     ሺ6ሻܦ

௢௨௧ܫ௜௡ܫ                               ൌ ൬ ଶܰܰଵ൰ ൬ 1ܦ െ  ൰                                      ሺ7ሻܦ

 
Where Iin is IL1, the input current. 
  
 The following analysis determines duty cycle range of 
existence for flyback converter based on impedance matching 
using equations (6) and (7): 

 ܴ௢௨௧ ൌ ௢ܸ௨௧ܫ௢௨௧ ൌ ௜ܸ௡ܫ௢௨௧ ൬ ଶܰܰଵ൰ ൬ 1ܦ െ ൰ܦ ൌ ௜ܸ௡ܫ௜௡ ൬ ଶܰܰଵ൰ଶ ൬ 1ܦ െ ൰ଶܦ
ൌ ܴ௜௡ ൬ ଶܰܰଵ൰ଶ ൬ 1ܦ െ ൰ଶܦ                                 ሺ8ሻ 

 
Where Rin is the input impedance to the flyback (the panel 
internal impedance which varies with irradiance and 
temperature) and Rout is the converter’s load impedance.  

Solving (8) for D:                                    ܦ ൌ  11 ൅ ቀ ଶܰܰଵቁ ට ܴ௜௡ܴ௢௨௧
                               ሺ9ሻ 

 
 

 
  Fig. 5 Six Step Inverter 
  

 
 

Fig.6 Carrier Signal vs. Reference Voltage 
 
 The duty cycle only exists from 0 to 1, so only the positive 
root was selected. The duty cycle exists for any positive value 
of Rin and Rout, of course only positive values exist. The 
optimal duty cycle occurs for: 
                                        ܴ௜௡ ൌ ܴ௢௣ ൌ ௢ܸ௣ܫ௢௣                                  ሺ10ሻ 

 
Where Iop is the current at which maximum power point 
occurs.  

D.  DC-AC converter 
 The DC-AC converter is commonly called the inverter. This 
device takes a DC voltage and converts it into an alternating 
current or AC voltage at a certain frequency. The frequency 
depends on the switching of the transistors. There are two 
basic types: single phase inverter and three phase inverter. The 
quality of the converter is based in the Total harmonic 
distortion or THD and its efficiency. 
  
 The inverter used in this work will be implemented using 
MOSFET type switches and the switching technique of 
unipolar pulse width modulation (PWM) to achieve a higher 
efficiency. PWM switching technique is created comparing a 
sinusoidal wave (reference signal) and triangular waveform 
(carrier signal). This technique has great flexibility when 
creating output waves of different amplitudes and frequency, 
and filtering the output signal creates a sinusoidal waveform. 
Two main parameters of this technique are the amplitude 
modulation (ma), and the frequency modulation (mf). The 
amplitude modulation is defined as: 
 
                                    ma= ௏ೞ೔೙೐௏೟ೝ೔ೌ೙೒ೠ೗ೌೝ                                      ሺ11ሻ  
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The frequency modulation is defined as: 
 
                                    mf = ௙೟ೝ೔ೌ೙೒ೠ೗ೌೝ௙ೞ೔೙೐                                      ሺ12ሻ  

 
 In the case that we want to change the amplitude of the 
output voltage, we need to change the amplitude modulation, 
and in the case that we want to change the output frequency 
we need to change the frequency modulation. In fig. 5 we can 
see the schematic of the inverter. The principal application of 
this topology is velocity control of induction motors [8, 9]. 
 
 
 To create a three phase system the sine wave (reference 
signal) in each phase has to be displaced by 120o by each other 
phase. In the fig. 6 is show the reference signal of each phase 
with the carrier signal [8]. In each phase of the inverter we 
have to switches (upper and lower), one switch is the inverse 
of the other. This means that, when one switch is open the 
other is closed and vice versa. 
  

E.  Induction motor 
 An induction motor (IM) is an asynchronous AC machine 
that consists of a stator and a rotor. This motor is widely used 
because of the rugged construction and moderate cost. In the 
induction motor a sinusoidal voltage is applied to the stator, 
this results in an induced electromagnetic field. This field 
induces a current in the rotor that creates another field that 
tries to align with the stator field, causing the rotor to spin.   

    
When a load is applied to the motor, a slip is created between 
these fields. At higher slip values the rotor speed decreases in 
comparison to the synchronous speed.  
 
 The synchronous speed can be controlled by means of the 
frequency of the stator voltage. By means of power electronics 
devices the frequency of the voltage applied to the stator can 
be controlled resulting in an efficient way to control the speed 
in the motor. The technique used in this paper is using a 
constant voltage to frequency ratio. 

 
F. Control strategy 

 The motor will be controlled via the PWM inverter using 
constant Volts/Hertz control. The amplitude and frequency of 
the reference (sinusoidal) signals will change according to the 
desired output speed. The ratio of voltage amplitude to voltage 
frequency will be held constant to maintain constant magnetic 
flux in the motor. A PI controller is implemented to regulate 
the motor speed to the desired setpoint. 

III.  RESULTS 
A. Simulations 
Simulations were done on Matlab/Simulink. The 

simulations presented are of each component working by 
itself, except for the solar panel which was simulated with the 
whole system. The whole system is seen on fig. 7. 

 
 

 
Table1. System Parameters 

Photovoltaic module 
Parameter Value 
Manufacturer Sanyo 
Model HIP-210HKHA6 
Open Circuit Voltage (Vx) 50.9 V 
Short Circuit Current (Ix) 5.57 A 
Characteristic constant (b) 0.0773 
Maximum power (Pmax) 210 W 

 
Fly-back: 
Components Value 
Input Capacitance 100 mF 
Primary Winding Resistance 1 mΩ 
Secondary Winding Resistance 10 mΩ 
Leakage Inductance 10 mH 
Turns Ratio 5 
Output Filter 10 mF 
 
Induction Motor Parameters: 
Parameter Value 
Stator Resistance 12.9 Ω 
Stator Inductance 0.025986 H 
Leakage Resistance 1062.74 Ω 
Leakage Inductance 0.474149 H 
Rotor Resistance 7.286462 Ω 
Rotor Inductance 0.025986 H 
 
 

 
1. Maximum power point 

 
 The power output of the solar panel is plotted in fig. 10. The 
panel used is a Sanyo HIP-210HKHA6 [21], with 210 watts of 
maximum power output under Standard Test Conditions 
(STC). The panel was simulated under STC, a temperature of 
25Ԩ and irradiance of 1000 W/m2. The P&O method keeps 
the duty cycle on the optimal value for maximum power 
extraction.  

 
 

2. Fly back converter 
 

For the flyback transformer design a ferrite U shaped core 
P material type from Magnetics® will be used.  The model is 
planned to have a turn ratio of 1:10 to produce a step up type 
transformer. The correspondent design parameters are 
expected to be for the initial model a 10mH magnetizing 
inductance and the correspondent leakage inductance of both 
sizes as small as possible. The design will include a 
correspondent gap to achieve the wanted properties useful for 
a flyback topology. A simulation of the fly-back converter is 
presented in fig. 8. The fly back is coupled to the solar panel.  
In fig. 8 the output voltage is 220 V. 
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Fig.8 Fly-back Response. 

 
 

3.  Three phase PWM Inverter 
 
 A simulation of the three phase PWM inverter is shown in 
fig. 9. The input is 220V from the flyback converter. The load 
is a resistive load. If the signal is filtered, a pure sinusoidal can 
be obtained.  
 

4. Motor speed control 
 

As seen on fig. 11, the motor follows the speed setpoints in 
less than a second using constant voltage/hertz ratio control. 
This simulation used a constant voltage source as input to the 
inverter.  
 

IV.  CONCLUSIONS  
 After simulation, we have proven that the induction motor 
can be driven by a PV panel. Using the P&O MPPT technique 
is an effective way to extract maximum power from a panel 
using the flyback converter. The flyback converter proved to  
be a good interface between panel and load because of the step 
up and step down properties that provide good impedance 
matching. The turns ratio of the transformer provided an 
additional voltage step-up needed to reach higher voltages 
than a single boost converter could. The three phase inverter 
controlled by PWM technique effectively controlled the speed 
of the motor by keeping the voltage to frequency ratio 
constant. The next step is to implement the proposed system. 
An effective way to drive a three phase induction motor fed 
from a single PV panel is presented. 

 
 

 
 
Fig. 7. Complete circuit 

 

 
Fig.9 PWM Inverter output 

 

 
 

Fig.10 PV panel power output 
 

 
 

 
Fig.11. Motor speed vs. time. Closed loop motor control 

0 0.5 1 1.5 2
0

200

400

600

800

1000

Time (t) 

S
pe

ed
 (r

pm
)

Speed Control of Induction Motor

0 5 10 15 20 25 30
0

50

100 

150 

200 

250 

Time (t) 

P
ow

er
 (w

at
ts

) 

Solar Panel MPPT (Perturb and Observe) 

0.04 0.042 0.044 0.046 0.048 0.05 0.052 0.054 0.056
-150

-100

-50

0

50

100

150

Time(t) 

V
o A

N
  

PWM Inverter Output 

0 0.1 0.2 0.3 0.4 0.50 

50 

100 

150 

200 

250 

Time (t) 

V
ol

ta
ge

 (V
) 

 

Voltage Input
Voltage Output 

Fly Back Converter Output



 6

V.  REFERENCES 
[1] T. Esram, P. Chapman, “Comparison of Photovoltaic Array Maximum 
Power Point Tracking Techniques,” IEEE Transactions on Energy 
Conversion, vol. 22, no.2, June 2007, pp.439-449 
 
[2] M. A. Vitorino, M. B. R. Correa, “High Performance Photovoltaic 
Pumping System Using Induction Motor”, Power Electronics Conference, 
2009. COBEP '09. Brazilian, September 2009, pp. 797-804 
 
[3] T.H. Chen, W.L. Lin, C.M. Liaw, “Dynamic Modeling and Controller 
Design of Flyback Converter”, Aerospace and Electronic Systems, IEEE 
Transactions on October 1999, pp. 1230-1239 
 
[4] Chih-Sheng Liao, K.M. Smedley, “Design of High Efficiency Flyback 
Converter with Energy Regenerative Snubber”, Applied Power Electronics 
Conference and Exposition, 2008. APEC 2008. Twenty-Third Annual IEEE, 
Feb. 2008, pp. 796-800 
 
[5] N. Coruh, S. Urgun, T. Erfidan, “Design and Implementation of Flyback 
Converters”, Industrial Electronics and Applications (ICIEA), 2010 the 5th 
IEEE Conference on June 2010, pp. 1189-1193 
 
[6] E.I. Ortiz-Rivera, “Modeling and Analysis of Solar Distributed 
Generation”, PhD thesis, Michigan State University, 2006 
 
[7] J. D. González-Llorente, “Analysis of Optimal Matching Between a DC 
Motor and Photovoltaic Modules Via DC-DC Power Converters”, M.S. thesis, 
University of Puerto Rico, Mayaguez Campus, December 2009 
 
[8] D. W. Hart, “Introduction to Power Electronics”, Prentice Hall (1996) 
 
[9] N. Mohan, T. M. Undeland, W. Robbins, “Power Electronics. Converters, 
Applications and Design”, Ed. John Wiley & Sons, Inc. 2003 
 
[10] E.I Ortiz-Rivera, F.Z. Peng, “Analytical Model for a Photovoltaic 
Module using the Electrical Characteristics provided by the Manufacturer 
Data Sheet”, Power Electronics Specialists Conference, 2005. PESC '05. IEEE 
36th, June 2005, pp. 2087 – 2091 
 
[11] E.I Ortiz-Rivera “Maximum power point tracking using the optimal duty 
ratio for DC-DC converters and load matching in photovoltaic applications”, 
Applied Power Electronics Conference and Exposition, 2008. APEC 2008. 
Twenty-Third Annual IEEE, Feb. 2008. 
 
[12] O. Gil-Arias, E.I Ortiz-Rivera “A general purpose tool for simulating the 
behavior of PV solar cells, modules and arrays”, Control and Modeling for 
Power Electronics, 2008. COMPEL 2008. 11th Workshop, Aug 2008. 
 
[13] A. Diaz, R. Saltares, C. Rodriguez, R.F. Nunez, E.I. Ortiz-Rivera, J. 
Gonzalez-Llorente, “Induction motor equivalent circuit for dynamic 
simulation”, Electric Machines and Drives Conference, 2009. IEMDC '09. 
IEEE International, May 2009. 
 
[14] Hren, A.; Korelic, J.; Milanovic, M.; , "RC-RCD clamp circuit for 
ringing losses reduction in a flyback converter," Circuits and Systems II: 
Express Briefs, IEEE Transactions on , vol.53, no.5, pp. 369- 373, May 2006 
 
[15] Khaligh, Alireza; Williamson, Sheldon S.; Emadi, Ali; , "Control and 
Stabilization of DC/DC Buck-Boost Converters Loaded by Constant Power 
Loads in Vehicular Systems using a Novel Digital Scheme," Power 
Electronics and Motion Control Conference, 2006. EPE-PEMC 2006. 12th 
International , vol., no., pp.1769-1775, Aug. 30 2006-Sept. 1 2006 
 
[16] R. Marino, P. Tomei, C. M. Verrelli, “Induction Motor Control Design 
(Advances in Industrial Control)”, Springer; 1st Edition, September 2010 
 
[17] Young-Ho Kim; Jun-Gu Kim; Young-Hyok Ji; Chung-Yuen Won; Tae-
Won Lee; , "Flyback inverter using voltage sensorless MPPT for AC module 
systems," Power Electronics Conference (IPEC), 2010 International , vol., no., 
pp.948-953, 21-24 June 2010 
 
[18] Kazmi, S.; Goto, H.; Ichinokura, O.; Hai-Jiao Guo; , "An improved and 
very efficient MPPT controller for PV systems subjected to rapidly varying 
atmospheric conditions and partial shading," Power Engineering Conference, 

2009. AUPEC 2009. Australasian Universities , vol., no., pp.1-6, 27-30 Sept. 
2009 
 
[19] Al-Diab, A.; Sourkounis, C.; , "Variable step size P&O MPPT algorithm 
for PV systems," Optimization of Electrical and Electronic Equipment 
(OPTIM), 2010 12th International Conference on , vol., no., pp.1097-1102, 
20-22 May 2010 
 
[20] Jiyong Li; Honghua Wang; , "A novel stand-alone PV generation system 
based on variable step size INC MPPT and SVPWM control," Power 
Electronics and Motion Control Conference, 2009. IPEMC '09. IEEE 6th 
International , vol., no., pp.2155-2160, 17-20 May 2009. 
 
[21] Sanyo HIT Photovoltaic Module 210 Watts, datasheet from 
www.mrsolar.com, http://www.mrsolar.com/pdf/sanyo/HIP210NKHA6.pdf 

 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (None)
  /CalCMYKProfile (None)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /OK
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /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 true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00333
  /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 1.00333
  /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 1.00167
  /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 (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU (Use these settings to create PDF documents suitable for IEEE Xplore. Created 15 December 2003.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


