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Abstract—Vehicle ergonomics is one of the most important
objectives for automotive applications. Reducing the size and
weight is a prime concern for mobility. A novel unified converter
with battery integration is proposed as an alternative to the
existing power train configuration for hybrid electric vehicles. The
power train has three phase PWM rectifier at the output of the
alternator with battery connected to the neutral of the induction
generator stator. With the proposed topology, vehicle size and
weight can be reduced considerably. The topology is analysed for
its control and performance specifications. Simulation studies are
carried out in MATLAB/SIMULINK and results are presented.

Index Terms—Multifrequency power, superposed ac-dc, PWM
rectifiers, unified ac-dc.

I. INTRODUCTION

RAPIDLY depleting fossil fuels like coal, oil and nat-

ural gas pose a real challenge in meeting the energy

requirement for mobility. For sustained transportation, it is

important to find an alternative source of energy which is clean,

reliable and inexpensive along with fuel efficient technology.

This motivation has led to tremondous research in the field

of advanced vehicular technology. These advanced vehicles

are classified into Battery Electric Vehicle (BEV), Fuel Cell

Electric Vehicle (FCEV), and Fuel Cell Hybrid Electric Vehicle

(FCHEV). Hybrid Electric Vehicles (HEV) have an internal

Combustion Engine (ICE) and Electric Motor (EM), which

make the vehicle fuel efficient. Large Energy Storage Systems

(ESS) such as a battery or ultracapacitors are used by full

hybrid electric vehicles. The rating of EM used in full HEV

is 50kW/330V [1]. Four types of technology used for this are;

series full-HEV, parallel full-HEV, series-parallel full-HEV and

complex full-HEV [1]–[3].

Fig. 1. Power train arrangement for a series HEV

Similar to BEV, EM is used for main propulsion in series full

HEVs. An example of series full-HEV is Chevrolet Volt Series.

Full-HEVs is configured with a high power ICE generator/fuel

cells and an Energy Storage System (ESS). The requirement

of ESS are twofold, to improve the dynamic performance

of the power train and to recover the vehicle kinetic energy

while braking [1]–[3]. The typical power train arrangement

is as shown in the Fig. 1 [1]–[3]. One of the most common

converters used in the hybrid systems is AC/DC/DC converter

since two different power sources can be connected [4]. The

alternator supplies the constant power to the load and the

battery is connected to absorb the power fluctuations during

peak energy demands. However, this increases the mass of

the vehicle, which raises the power demand and thus the

fuel consumption. Thus, advantages of adding an ESS to the

powertrain can also become a drawback due to this effect [4].

The complexity and cost of such systems is also one of the

drawbacks for hybridisation.

In order to address the above issues, numerous topologies

are proposed which can reduce the size and weight of the

vehicle. There is very little literature on unified converters.

The unified converters – single converter used to process both

ac and dc power. In [4]–[6] authors have proposed reactor

free boost converter for BEV. Here battery being the single

source of power, connected to the stator neutral of the motor,

the converter which is driving the motor is used as the boost

converter for the battery. The leakage inductance of the motor

is used as the boost inductance, thereby reducing its size and

weight. In this paper a similar approach is followed and an

alternate topology for the existing power train arrangement

in hybrid electric vehicles is proposed. The proposed topology

uses a single converter to process the power from two different

sources of different frequencies (generator and ESS). A battery

is connected in the stator neutral of an induction generator. The

PWM rectifier is used to convert generator ac voltage to dc and

acts as a boost converter for the battery while maintaining the

output dc voltage.

II. THREE PHASE PWM RECTIFIER WITH BATTERY

INTEGRATION

The proposed topology is as shown in Figs. 2 and 3. An ex-

istence function represents the turn-on and turn-off sequences
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Fig. 2. PWM rectifier with battery integration

Fig. 3. PWM rectifier with battery integration

Fig. 4. Modulation

of a switching device. This function, Sij =1 when it is turned

on and Sij =0, when it is off; where i represents the phase

to which the device is connected and j signifies top (p) and

bottom (n) device of the converter leg.

Vao, Vbo & Vco are balanced ; Ia = Iaa ± Ioo, Ib = Ibb ± Ioo,

Ic = Icc ± Ioo ; Ia + Ib + Ic = ±Io and Ioo = ± Io
3

‘+’ denotes charging

‘-’ denotes discharging

Vao = rIa + LpIa +
Vdc

2
Sap − Vdc

2
San + Vmo

Vbo = rIb + LpIb +
Vdc

2
Sbp − Vdc

2
Sbn + Vmo

Vco = rIc + LpIc +
Vdc

2
Scp − Vdc

2
Scn + Vmo (1)

Where, p = d
dt

Substituting Vmo = Vdc

2 − Vo and San = 1− Sap

Vao + Vo = rIa + LpIa +
Vdc

2
(2Sap − 1) +

Vdc

2

Vbo + Vo = rIb + LpIb +
Vdc

2
(2Sbp − 1) +

Vdc

2

Fig. 5. Equivalent circuit of PWM rectifier

Vco + Vo = rIc + LpIc +
Vdc

2
(2Scp − 1) +

Vdc

2
(2)

The modulating wave is of the form

ma = Mo −Msinωt

mb = Mo −Msin(ωt− 120◦)

mc = Mo −Msin(ωt− 240◦) (3)

substituting Sip = 0.5[1 −mi] [7], where, i=a,b,c in Eq.(2)

we get,

Vao + Vo = rIa +LpIa +
Vdc

2
Msin(ωt− δ)−Mo

Vdc

2
+

Vdc

2

Vbo+Vo = rIb+LpIb+
Vdc

2
Msin(ωt−120◦−δ)−Mo

Vdc

2
+
Vdc

2

Vco+Vo = rIc+LpIc+
Vdc

2
Msin(ωt−120◦−δ)−Mo

Vdc

2
+
Vdc

2
(4)

The per phase ac current for ‘a’ phase is given by,

Iaa =
Vao � 0◦ − V2 � δ◦

jωL

where V2 = MVdc

2
√
2

. The per phase dc current is given by

Ioo =
Vo − (Vdc

2 −Mo
Vdc

2 )

r

III. NEUTRAL CURRENT RIPPLE

Since the battery is connected to the neutral, the battery

current ripple must be maintained low along with the line

current ripple. In case of a PWM converter, the PWM scheme

plays an important role in determining the current distortion.

Therefore, a suitable PWM scheme is necessary to minimise

the current ripple.
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San = 0.5[1 +ma] +
2

π

∞∑
m=1

Jo

m
(m

π

2
M)sin(

π

2
M)cos[m(ωct+ θc)]

︸ ︷︷ ︸
Carrier

+
2

π

∞∑
m=1

∞∑
n=−∞

Jn

m
(m

π

2
M)sin[(m+ n)

π

2
]cos[m(ωct+ θc) + n(ωot+ θo)]

︸ ︷︷ ︸
Side−Band−Harmonics

(5)

Fig. 6. PS-SPWM scheme

A. Line and Neutral Current Ripple Analysis with Single
Carrier and Phase Shifted Carrier

Substituting Sap = 1− San in equation (1),

Vao + Vo = rIa + LpIa +
Vdc

2
(1− 2San) +

Vdc

2︸ ︷︷ ︸
vAn

Substituting the Fourier series expansion for the switching

function as given in Eq.(5) [7], the instantaneous pole voltage

vAn contains averaged value VAn and switching frequency

ripple component ṽAn. The ripple voltage ṽAn will introduce

ripple component in the line current Ia. So the ripple compo-

nent in the line current can be written as

ĩa = − 1

L

∫
ṽAndt

Conventional Sine-triangle PWM (SPWM) scheme is the

simplest and widely used PWM technique for three-phase

PWM converters. With this modulation scheme, in the equation

(5) the term θc is same for all three phases. The neutral current

ripple can be written as

ĩN = ĩa + ĩb + ĩc (6)

It is clear from the equations (5) and (6) that, with SPWM,

the current ripple in each phase adds, therefore peak-to-peak

ripple in the neutral current is higher than the peak-to-peak

ripple in any of the three line currents. From (5) it is also clear

that, by introducing suitable phase shifts between three phase

line current ripple at carrier frequency, the neutral current

can be reduced considerably. This can be achieved by using

three Phase Shifted carrier SPWM method (PS-SPWM). In

this scheme, the carrier is shifted by 120◦ apart. With the

battery connected in the neutral, the line current ripple is only

dependant on the corresponding phase pole voltage. So the line

current THD in SPWM and PS-PWM are comparable.

IV. CURRENT CONTROLLER STRUCTURE

The proposed topology utilises a single converter to extract

the power from two sources of different frequencies. The

converter acts as a PWM rectifier and a current controlled

interleaved boost converter simultaneously. Due to this

multifunctionality, the input current is superimposed ac dc in

nature (unified ac-dc). The controller needs to track unified

ac-dc current closely. The appropriate controller design is

carried out considering a trade-off between cost, complexity

and output waveform quality. For three phase current control,

synchronous PI controller is commonly used [8]. With

the addition of one more PI controller, the same scheme

can be extended to control the neutral dc current. Another

alternative method used in three phase current control is the

PR (Proportional+Resonant) control [8]. The PR controller

has infinite gain at the tuned frequency. So it can track only

signal of a single frequency for which PR controller is tuned.

GPR(s) = kp +
krs

s2 + ω2
o

(7)

The transfer function of an ideal PR controller is given by Eq.

(7). The steady state error can be reduced to zero by using an

ideal PR controller with infinite gain at the tuned frequency.

However due to practical limitations an ideal PR controller is

often approximated as [9]

GPR(s) = kp +
2krωcs

s2 + 2ωcs+ ω2
o

The value of ωc is selected between 5-15 rad/s [10]. Tracking

unified ac dc current using the PR controller, the ‘PR’ term

will track the sinusoidal signal of tuned frequency ‘ω′
o and

only the proportional term will try to track the dc component.

Since only ‘P’ term is controlling the dc current there always

exists a finite steady state error. To avoid this steady state

error an integral term has to be combined with PR. With PIR

it is possible to control both ac and dc current. With the use
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Fig. 7. Control block diagram for PWM rectifier and dc-dc boost converter

of PIR control, the dc component in each phase is controlled

independently without segregating the ac and dc components in

the measured line currents. This method also avoids coordinate

transformations from abc to dq in order to have the currents in

synchronous frame. The transfer function of PIR control can

be written as

GPIR(s) = kp +
2krωcs

s2 + 2ωcs+ ω2
o

+
ki
s

The block diagram of overall control scheme with current

control using PIR controller is as shown in the Fig. 7.

A. Evaluation of kp, ki and kr values

Considering only the PFC operation, Iaa is

Iaa =
vao −ma

Vdc

2

r + sL
(8)

The forward path gain is given by,(
kp +

2krωcs

s2 + 2ωcs+ ω2
o

)
∗ 1

r + sL
(9)

At the cross over frequency s = ωcross and considering

ωcross >> ωo the PR controller transfer function will be

similar to the PI [11].

GPI(s) = kpI

(1 + sT

sT

)
(10)

The parameters of the PR controller will be determined in the

similar way as that of a PI controller. By pole-zero cancel-

lation, T = L
r and kpI will be chosen based on the required

bandwidth (ωbw). Choosing ωbw =0.1 (switching frequency),

the kpI can be derived as

kpI = kp = ωbwrT

kr =
kpI
T

= ωbwr.

The parameter ′k′i will depend upon the zero sequence transfer

function.

1) The Zero Sequence Network: With PS-SPWM, the zero

sequence network can function as a current controlled three

phase interleaved dc-dc boost converter along with the PWM

rectifier. The per phase current loop of the interleaved dc-dc

Fig. 8. Per phase block diagram of current controlled boost converter

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
-200

0

200
Input voltage from the generator (V)

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
-20

0

20
Input current of the PWM rectifier (A)

0.2 0.21 0.22 0.23 0.24 0.25
-10

0

10
Input current of the PWM rectifier (A)

0.605 0.61 0.615 0.62 0.625 0.63 0.635 0.64 0.645 0.65
-10

0
10

Input current of the PWM rectifier (A)

350

400

450
Output DC bus voltage (V)

Fig. 9. Performance of the converter with battery in discharging mode

boost converter is shown in the Fig. 8 By approximating the

loop as

v̂L = Vod (11)

Let the transfer function of the PI controller for the zero

sequence current be,

Go(s) = ko

(1 + sTo

sTo

)
(12)
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Input voltage from the generator (V)

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
-50

0
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Input current of the PWM rectifier (A)

0.2 0.21 0.22 0.23 0.24 0.25
-50

0
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Input current of the PWM rectifier (A)

0.605 0.61 0.615 0.62 0.625 0.63 0.635 0.64 0.645 0.65 0.655
-40

0

40

time(s)
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

300

400

500
Output DC bus voltage (V)

Fig. 10. Performance of the converter with battery in charging mode

time(s)
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

-2

0

2

4

6

8
Reference per phase battery current (A)
Actual per phase battery current (A)

Fig. 11. Per phase battery discharging current

From Fig.8, the closed loop transfer function for the zero

sequence network is derived as

Ioo
I∗oo

=

ko0.5Vdc

ToL

(
1 + sTo

)
s2 + ko0.5Vdc

L s+ ko0.5Vdc

ToL

(13)

Comparing the denominator with that of the second order

standard transfer function, the parameter ki can be determined;

ki = ko

To

V. SIMULATION RESULTS

The three phase PWM rectifier with battery connected to

the stator neutral of an Induction Machine is simulated in

MATLAB/SIMULINK using the parameters given in Table I.

time(s)
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

-5

0

5
Reference per phase battery current (A)
Actual per phase battery current (A)

Fig. 12. Per phase battery charging current

Harmonic order
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M
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da
m
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0

1

2

3

4

5

Fundamental (50Hz) = 19.84 , THD= 3.05%

Fig. 13. Harmonic spectrum for Ia

time(s)
0.4162 0.4164 0.4166 0.4168 0.417 0.4172 0.4174 0.4176 0.4178 0.418

-5

0

5

10

15

20
Neutral current (A)
Single carrier

Fig. 14. Ripple current with SPWM

A. Mode I: Battery in discharging mode

Fig. 9 shows the performance of the converter with battery

in discharging mode. At time t = 0; battery discharge current

reference is set to be 1 A. The generator and the battery

together feed a load of 2.5 kW. At time t = 0.5 s, the load

is increased from 2.5 kW to 5 kW, and simultaneously the

battery current reference is shifted to 5 A, thus improving the

transient on the dc bus. After a duration of 2.5 s, the battery

current is reduced back to 1 A with a constant negative ramp.
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time(s)
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Fig. 15. Ripple current with PS-SPWM

TABLE I: SIMULATION PARAMETERS
S.No. Parameters Symbol value

1 Rated system capacity PLoad 5 kW
2 Per phase resistance r 0.1 Ω
3 Per phase leakage inductance L 5 mH

4 DC bus capacitance C 1000 μF

5 Per phase generator output voltage (Vao, Vboand Vco) 110 V(RMS)

6 Battery float voltage Vo 200 V

7 Output DC voltage Vdc 400 V

B. Mode II: Battery in charging mode

Fig. 10 shows the performance of the converter with battery

in discharging mode. At time t = 0; the battery discharge

current reference is set to 5 A. The generator feeds the load

of 2.5 kW and the battery at the same time. At time t = 0.5

s, the load is increased from 2.5 kW to 5 kW; while keeping

the battery charging current at the same level.

C. Line current THD

Fig. 13 shows FFT spectrum for the line current Ia. It is

observed that with single carrier and phase shifted carrier, the

line current THD remains the same.

D. Battery current ripple

Figs. 14 and 15 show the ripple in the total battery current

(Io) in the neutral with single carrier modulation and phase

shifted carrier modulation. The battery current reference of 5

A is given to each phase and the total neutral current (Io) =

15 A. It is observed that for this reference current there is a

net reduction of 62.8% in the ripple due to PS-SPWM.

VI. CONCLUSION

Unified converters have the potential to reduce the size

and weight and thereby improve the ergonomics of electric

vehicles. A novel topology of integrating battery without the

need of a seperate converter for the automotive generator is

proposed. The performance of the proposed topology and the

control scheme is confirmed through simulation study using

MATLAB/SIMULINK package.

REFERENCES

[1] H. S. Das, C. W. Tan, and A. Yatim, “Fuel cell hybrid electric vehicles:
A review on power conditioning units and topologies,” Renewable and
Sustainable Energy Reviews, vol. 76, pp. 268 – 291, 2017.

[2] A. Emadi, S. S. Williamson, and A. Khaligh, “Power electronics in-
tensive solutions for advanced electric, hybrid electric, and fuel cell
vehicular power systems,” IEEE Transactions on Power Electronics,
vol. 21, no. 3, pp. 567–577, May 2006.

[3] E. Tazelaar, B. Veenhuizen, J. Jagerman, and T. Faassen, “Energy
management strategies for fuel cell hybrid vehicles; an overview,” in
2013 World Electric Vehicle Symposium and Exhibition (EVS27), Nov
2013, pp. 1–12.

[4] G. T. Chiang and J. i. Itoh, “Dc/dc boost converter functionality in
a three-phase indirect matrix converter,” IEEE Transactions on Power
Electronics, vol. 26, no. 5, pp. 1599–1607, May 2011.

[5] J. I. Itoh and D. Ikarashi, “Investigation of a two-stage boost converter
using the neutral point of a motor,” IEEE Transactions on Industry
Applications, vol. 49, no. 3, pp. 1392–1399, May 2013.

[6] K. Moriya, H. Nakai, Y. Inaguma, H. Ohtani, and S. Sasaki, “A novel
multi-functional converter system equipped with input voltage regulation
and current ripple suppression,” in Fourtieth IAS Annual Meeting.
Conference Record of the 2005 Industry Applications Conference, 2005.,
vol. 3, Oct 2005, pp. 1636–1642 Vol. 3.

[7] P. Wood, Switching power converters, 1981.
[8] R. Teodorescu, F. Blaabjerg, M. Liserre, and P. C. Loh, “Proportional-

resonant controllers and filters for grid-connected voltage-source con-
verters,” IEE Proceedings - Electric Power Applications, vol. 153, no. 5,
pp. 750–762, September 2006.

[9] D. N. Zmood and D. G. Holmes, “Stationary frame current regulation
of pwm inverters with zero steady-state error,” IEEE Transactions on
Power Electronics, vol. 18, no. 3, pp. 814–822, May 2003.

[10] Q. Yan, X. Wu, X. Yuan, Y. Geng, and Q. Zhang, “Minimization of the
dc component in transformerless three-phase grid-connected photovoltaic
inverters,” IEEE Transactions on Power Electronics, vol. 30, no. 7, pp.
3984–3997, July 2015.

[11] B. McGrath, “Principles and practices of digital current regulation for
ac systems,” Professional Education Seminar Lecture, 2015.

Page 6 of 6

978-1-5386-4536-9/18/$31.00 © 2018 IEEE

2018-IACC-0739

Authorized licensed use limited to: TU Delft Library. Downloaded on September 11,2020 at 06:51:10 UTC from IEEE Xplore.  Restrictions apply. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /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 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /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 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <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 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


