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An Improved Sensorless DTC Scheme
for EV Induction Motors

F. Khoucha, K. Marouani, A. Haddoun, A. Kheloui and M.E.H. Benbouzid, Senior Member, IEEE

Abstract—In this paper a sensorless control is proposed to
increase the efficiency of a Direct Torque Control (DTC) of an
induction motor propelling an Electric Vehicle (EV). The
proposed scheme uses an adaptive flux and speed observer that
is based on a full order model of the induction motor. Moreover,
it is evaluated on an EV global model taking into account the
vehicle dynamics. Simulations have been firstly carried out on a
test vehicle propelled by a 37-kW induction motor to evaluate
the consistency and the performance of the proposed control
approach. The commonly used European drive cycle ECE-15 is
adopted for simulation. The obtained results seem to be very
promising. Then, the proposed control approach has been
experimentally implemented, on a TMS320F240 DSP-based
development board, and tested on 1-kW induction motor.
Experimental results show that the proposed control scheme is
effective in terms of speed and torque performances. Indeed, it
allows speed and torque ripple minimization. Moreover, the
obtained results show that the proposed sensorless DTC scheme
for induction motors is a good candidate for EVs propulsion.

Index Terms—Electric vehicle, Induction motor, sensorless
drive, direct torque control, vehicle dynamics.

1. INTRODUCTION

Recently a lot of effort was focused towards development
of high performance EV drives. This is mainly to reduce the
environmental pollution due to emissions from the internal
combustion engine (ICE) driven vehicles. EVs are already
commercially available; however, they have not yet used the
most remarkable advantages of electric motors. Indeed, an
electric motor offers very fast response and can be controlled
in a much better way; therefore, motion control through
precise control of the motors has definite advantage over the
ICE driven vehicles. Moreover, adhesion characteristics
between tire and road surface are greatly affected by the
traction motor control. This means that EVs stability and
safety can be addressed and then improved by means of motor
control.

The electric propulsion system is the heart of EV [1]. It
consists of the motor drive, transmission device, and wheels.
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In fact, the motor drive, composed by the electric motor, the
power converter, and the electronic controller, is the core of
the EV propulsion system. The motor drive is configured to
respond to a torque demand set by the driver. The accelerator
position provides a torque demand as fraction of the
maximum available torque. Similarly, the first portion of the
brake pedal travel is used to derive a regenerative torque
demand; the remaining pedal travel brings in a set of standard
mechanical brakes.

For EVs propulsion, the cage induction motor seems to be
candidate that better fulfils the propulsion major features [2-
3]. Induction motor drives control techniques are well treated
in the literature. The most popular is the so-called vector
control technique that is now used for high impact automotive
applications (EV and HEV). In this case, the torque control is
extended to transient states and allows better dynamic
performances [4]. Among these techniques, DTC appears to
be very convenient for EV applications [5-7].

The implementation of direct torque control technique
requires precise knowledge of the rotor or stator flux level
and position. If a mechanical speed sensor is mounted on the
motor shaft, different ways can be used to obtain the flux
estimate. But, the current tendency is to eliminate mechanical
transducers. Indeed, they are noise sensitive, expensive,
bulky, and they tend to reduce the global drive reliability
especially in hostile environments that is case of the induction
motor within an EV. In this context, several methods have
been proposed this last decade for induction motors speed
sensorless control [8-10]. Adaptive speed observers seem to
be among the most promising methods thanks to their good
performance versus computing time ratio. They have the
advantage of providing both flux and mechanical speed
estimates without problems of open-loop integration. Besides,
the adaptive observer has the interesting property to provide a
mechanism for on-line tuning of key model parameters such
as the stator or rotor resistance and then to compensate for
their drift due to motor heating for example [11].

In this paper a sensorless control is proposed to increase the
efficiency of a direct torque Direct Torque Control (DTC) of an
induction motor propelling an Electric Vehicle (EV). The
proposed scheme uses an adaptive flux and speed observer that
is based on a full order model of the induction motor. The
objective is to test the effectiveness of the proposed strategy on
the whole vehicle and not on the sole induction motor.
Simulations have been firstly carried out on a test vehicle
propelled by a 37-kW induction motor to evaluate the
consistency and the performance of the proposed control
approach. Then, the proposed control approach has been
experimentally implemented, on a TMS320F240 DSP-based
development board, and tested on 1-kW induction motor.



II. VEHICLE DYNAMIC ANALYSIS

A. Nomenclature

v vehicle speed;

o = Grade angle;

P, = Vehicle driving power;

F,, = Road load;

F.,= Rolling resistance force;

Fy = Stokes or viscous friction force;

F,,= Aerodynamic drag force;

F. = Climbing and downgrade resistance force;

p = Tire rolling resistance coefficient (0.015 < p < 0.3);
m = Vehicle mass;

g = Gravitational acceleration constant;

ks = Stokes coefficient;

& = Air density;

C,, = Aerodynamic drag coefficient (0.2 < C,, < 0.4);
Ay = Vehicle frontal area;

vo = is the head-wind velocity;

F = Tractive force;

k, = Rotational inertia coefficient (1.08 <k, <1.1);
a = Vehicle acceleration;

J = Total inertia (rotor and load);

®,, = Motor mechanical speed;

Ts = Load torque accounting for friction and windage;
T, = Load torque;

T,, = Motor torque;

i = Transmission ratio;

n, = Transmission efficiency;

R = Wheel radius;

Jy = Shaft inertia moment;

Jw = Wheel inertia moment;

A = Wheel slip.

B. Dynamics Analysis

Based on principles of vehicle mechanics and aerodynamics,
one can assess both the driving power and energy necessary to
ensure vehicle operation (Fig. 1) [5], [12].

1) Road load and tractive force. The road load consists of

Et*ZF;()+F;f+F;1d+Er (1)

The rolling resistance force F,, is produced by the tire
flattening at the roadway contact surface.
F_ =umgcosa

2

u is nonlinearly dependent of the vehicle speed, tire pressure
and type, and road surface characteristic.

Fig. 1. Elementary forces acting on a vehicle.
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It increases with vehicle speed and also during vehicle turning
maneuvers. The rolling resistance force can be minimized by
keeping the tires as much inflated as possible.

F, =k, 3)
Aerodynamic drag, F,, is the viscous resistance of air
acting upon the vehicle.

Fy =2 EC A, (4w, @

werf

The climbing resistance (F,. with positive operational
sign) and the downgrade force (F,, with negative operational
sign) is given by

F, =*mgsina 5)

The tractive force in an electric vehicle is supplied by the
electric motor in overcoming the road load. The equation of
motion is given by

dv

k,m—
dt

F-F, ©)
The net force (F - F,,), accelerates the vehicle (or decelerates
when F,, exceeds F).

2) Motor ratings and transmission. The power required to

drive a vehicle has to compensate the road load F,.
P, =V, (7

The mechanical equation (in the motor referential) used to
describe each wheel drive is expressed by

J do,
dt

AT, 4T, =T, ®

The following equation is derived due to the use of a
reduction gear.

_ m
(’OWhvel -

9
Ty = T,M,
The load torque in the motor referential is given by.
T, R
T, =t = 2 F, (10)

l l

The vehicle global inertia moment in the motor referential
is given by

J=J, +J,
(11)

If the adhesion coefficient of the road surface is high, then A
is usually low and can be neglected.

III. ADAPTIVE FLUX OBSERVER
A. Nomenclature

i = Stator current;



o, = Rotor flux;

U = Stator voltage;

R, (R,)= Stator (rotor) resistance;

L, (L,) = Stator (rotor) inductance;

M = Mutual inductance;

o = Total leakage coefficient, c = 1— MZ/LSL,.;
o, = Motor angular velocity;

N

= Estimated value;
= Observer gain matrix.

B. Induction Motor Flux Observer

An induction motor can be described, in the - stationary
reference frame fixed on stator, by the following state
equations.

| A, A ) B
dt| o, 4, 4,0, 0

i =Cx

s

(12)

Where i, = [im I :|T , 0, = [(P,.a Q5 ]T U, = [um Ug ]T

and
T

r N

1- 1
Ay = _(C’+TJ/01, A, =M[cL LT I-0J
Ay =1/oL, I, Ay

c=[1 O]J{(l) ﬂJ:ﬁ _01}

Therefore, a state observer that provides rotor flux
estimates is given by

=-I/T. +w,J, B =1/cL I

%)%:,21)%+Bu+l((fs—is) (13)

B. Adaptive Flux Observer for Speed Estimation

The induction motor speed in the above observer is not
measured and is treated as an unknown parameter. By adding
an adaptive scheme for estimating the rotor speed, both states
and unknown parameters can be estimated simultaneously.
Using Lyapunov stability theory, we can build a mechanism
to adapt the mechanical speed from the asymptotic
convergence condition of the state variables estimation errors.

®, = Ky [ 0500~ Braip |t (14)

Although the adaptive scheme is derived under a motor
constant speed consideration, in practice it can change
quickly. In order to improve the speed estimation algorithm
dynamic behavior, a proportional term can be added [13]. The
estimated speed becomes

o, =K, I I:(brﬁefsa — 0,06 ] dt+ Kp, [(brﬁeim 0.8 :| (15)

IV. DIRECT TORQUE CONTROL

A block diagram of the Direct Torque Control scheme is
shown by Fig. 2. The control system comprises three basic
functions: a two-level hysteresis controller for flux control, a
three-level hysteresis controller for torque control, and an
optimal switching vector look-up table, The observer
estimates the developed torque, stator flux, and shaft speed
using measurements of two stator phase currents and the dc-
link voltage (V). Torque and flux references are compared to
their estimated values and control signals are generated using
a torque and flux hysteresis control method. The switching
vector look-up table (Fig. 3) gives the optimum selection of
the switching vectors for all the possible stator flux-linkage
space-vector positions. Speed control is achieved using a PI
speed controller.

The voltage sensor measures the dc-link voltage that, in
conjunction with the knowledge of the switching status of the
six controlled power switches of the inverter, is used to
compute the stator voltages of the motor using the inverter
voltage vector.

(16)

The a-B stator current space vector components are
calculated as follows

lsa = lSa
. g, + 2,

BT \/3

The stator flux is a function of the rotor flux that is given
by the adaptive flux observer and is calculated by

i

(17)

Speed ® Speed —>®—)EL> s,
controller
reference + a + - Switching S, vsi
Table s
c
Flux reference E dy/)
ey LI
+
T
A Flux Estimator 1€
n Torque i
Speed i <

Fig. 2. Typical structure of a sensorless DTC induction motor.
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. M
Pga = OLglsy +L_(pra
" (18)

. M
(PSB = GLSISB +L—([)rB
-

Then the stator flux and the electromagnetic torque are
calculated as

o] = 05, + 0% (19)

3
I, - Ep(cpmisﬁ -9 pisa) (20)
where p is the pole pair number.

As shown in Fig. 3, a switching table is used for the
inverter control such that the torque and flux errors are kept
within the specified bands. The torque and flux errors are
respectively defined by

{AT; :T;_Te (21)

Ap, =0, — ¢,

and the inverter switching states are determined by the torque
and flux errors according to the determined sector. When the
torque is equal or close to its reference value, the three VSI
voltage vectors should be arranged in a symmetrical order.

V. SIMULATIONS RESULTS

Numerical simulations have been carried out on an EV
propelled by a 37-kW induction motor drive which ratings are
summarized in the appendix (Fig. 4). In the appendix are also
given the electrical vehicle mechanical and aerodynamic
characteristics. The objectives of the carried out simulations
are to assess the efficiency and dynamic performances of the
proposed sensorless DTC strategy. The test cycle is the urban
ECE-15 cycle. A driving cycle is a series of data points
representing the vehicle speed versus time. This driving cycle
represents urban driving. It is characterized by low vehicle
speed (maximum 50 km/h) and is useful for testing small EVs
performance.

For sensorless purposes, an estimator scheme for the rotor
speed, the torque and the flux is proposed on a fourth-order
electrical model basis. The sensorless DTC strategy
performance are first illustrated by Figs. 5 and 6 that show,
respectively, the speed and the developed torque with
changes of the acceleration pedal position and a varied road
profile. It should be noticed that speed and torque variations
are as large as are the variations of the accelerator pedal and
the road profile. It is obvious that the proposed strategy
operates satisfactorily.

VI. EXPERIMENTAL RESULTS

A. The Experimental Setup

The main components of the experimental setup are (Fig.
7):
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V3 (010) V2 (110)

Sec.3|

V1 (100)
»>

Sec.1(—£1[)
66

V5 (001) V6 (010)

(a) Output voltage vectors.

1 >
1 X o
-T,
A I AR AT,
-F, F, s 1 T ‘
v U < » -1
(b) Flux comparator. (¢) Three-level torque comparator.
© e ~ a QN =
5lslz]s 53
151 |51 Q 3 5 2
5] 51 Q 2 3 A
n n n n A «
Slgleclgs |28
212182 |58 |§
Increase 100 | 110 | 010 | 011 | 001 | 101
Decrease Torque
Fl
ux Decrease 011 | 001 | 101 | 100 | 110 | 010
Torque
Increase 110 | 010 | 011 | 001 | 101 | 100
Increase Torque
Flux Decrease 001 | 101 | 100 | 110 | 010 | 011
Torque
(d) Switching table.

Fig. 3. Switching table and comparators for the induction motor DTC.

Batteries

Induction
Motor

Stator Flux,
Torque and
Speed
Estimator

Fig. 4. Scheme for the EV sensorless DTC simulation.




2or \ a DSP system (single fixed-point TMS320F240 DSP-based
development board), an optical encoder attached to the motor
shaft only to allow comparison between estimated and
measured speed, and current sensors. The DSP system is
interfaced to a standard PC. The continuous-time algorithm is
discredited with a sampling period of 100 us. At each
sampling instant, the DSP receives stator currents and
voltages measurements and then runs the estimation
algorithm and the DTC scheme.

Speed Control (rad/sec)

B. The Experiments

Experimental tests have been carried out to test the
I ‘ ‘ ‘ , | x24¢ estimation algorithm. For that purpose, a 1-kW induction
0 motor drive, which ratings are summarized in the appendix,
has been used. In this case the EV dynamics is not taken into
account.
400 : : The estimation algorithm was tested in various speed
regions and various conditions. As shown in Fig. 8, the
estimator was seen to work well under various circumstances.
Hence the proposed approach (DTC associated to a full order
observer estimator) allows the torque, the rotor speed, and the
current ripple to be reduced that is of great importance for and

Time (sec)

Fig. 5. Estimated and measured vehicle speed.

300

200

100

E
Z
g M EV application.
3 0
S
-
é -100 ' [T ' ' i
B [ty Ly T ik W
200 g | PV b | ]
I~ R Statdr current,
300 i c B
i E? ; Estimated Torque;
S i i
e !
400, p 2 3 g : Load torque rempved| _ |
Time (sec) ;J& ) 4'_:% >
i L | :
Fig. 6. Developed and estimated motor torque. 5 :
e p a L 997« 5 . o ) O
& ! N
o i 5 ] v
Referen¢e and Estimated speed :
E . eed |~ 1§
"‘é ' ;
E !

i
1.e0 VK 1.00 V [5.00 S———— automatique
ﬁmavﬁ«i.aau g WI

Time (sec)

(a) From low to high speed operation.

T R T T B S T

Induction
Motor

Control Unit Reference and Estimated speéd

Scope

Estimated and Reference Speed and Torque

H !
@ Power Control Sensor b
Anal s Interface Interface
0g Digital Outp | PP USRI PP BRI VI I PR R .
Outpur 1L DIE ¥ 5088V [ 588.0V 2.88 S——+—— automatique
TMS320F2407 ]<::> @ 500.nV (F 508.aV ﬂ“ I
DSP Development Board % -
Time (sec)
Fig. 7. The experimental setup. b) Low speed operation at rated load.
g p p
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(¢) Zoom during low speed operation.

Fig. 8. Experimental results.

VII. CONCLUSION

In this paper a sensorless control was proposed to increase
the efficiency of a DTC of an induction motor propelling an
EV. The proposed scheme uses an adaptive flux and speed
observer that is based on a full order model of the induction
motor. It was successfully simulated on a 37-kW induction
motor drive taking into account the vehicle dynamics. In this
case, the commonly used European drive cycle ECE-15 was
adopted. The estimation was then experimentally tested on a
1-kW induction motor drive. Experimental results show that
the sensorless scheme is effective in terms of speed and
torque performances. Indeed, it is capable of working from
very low to high speed and exhibits very good dynamics.
Moreover, the proposed approach (DTC associated to a full
order observer estimator) allows the torque, the rotor speed,
and the current ripple to be reduced that is of great
importance for and EV application.

The obtained results show that the sensorless DTC scheme
for induction motors is a good candidate for EVs propulsion.

APPENDIX

RATED DATA OF THE SIMULATED INDUCTION MOTOR

37 kW, 50 Hz, 400/230 V, 64/111 A, 24.17 Nm, 2960 rpm

R,=85.1 mQ, R, = 65.8 mQ
L,=314mH, L,=29.1 mH, L, =29.1 mH
J=0.23 kg.m?
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RATED DATA OF THE TESTED INDUCTION MOTOR

1 kW, 50 Hz, 400/230 V, 3.4/5.9 A, 7 Nm, 2890 rpm
R=4.67TQ,R,=8Q,L,=L,=0.347H, M=0.366 H
J=0.06 kg.m?, B =0.042 Nm.sec

EV MECHANICAL AND AERODYNAMIC PARAMETERS

m = 1540 kg (two 70 kg passengers), 4 = 1.8 m%, 7= 0.3 m
w1=0.0055, 1,,2=0.056, Coq = 0.19, G = 104, n, = 0.95
T =57.2 Nm (stall torque), vo = 4.155 m/sec
2=9.81 m/sec?, p = 0.23 kg/m’

REFERENCES

C.C. Chan, “The state of the art of electric and hybrid vehicles,”
Proceedings of the IEEE, vol. 90, n°2, pp. 247-275, February 2002.
M.E.H. Benbouzid et al., “Electric motor drive selection issues for HEV
propulsion systems: A comparative study,” IEEE Trans. Vehicular
Technology, vol. 55, n°6, pp. 1756-1764, November 2006.

D. Diallo et al, “A fault-tolerant control architecture for induction

motor drives in automotive applications,” [EEE Trans. Vehicular

Technology, vol. 53, n°6, pp. 1847-1855, November 2004.

S.N. Vukosavic et al, “A method for transient torque response

improvement in optimum efficiency induction motor drives,” [EEE

Trans. Energy Conversion, vol. 18, n°4, pp. 484-493, December 2003.

A. Haddoun, M.E.H. Benbouzid and D. Diallo, “A loss-minimization

DTC scheme for EV induction motors,” IEEE Trans. Vehicular

Technology, vol. 56, n°1, pp. 81-88, January 2007.

D.O. Neacsu et al, “Comparative analysis of torque-controlled IM

drives with applications in electric and hybrid vehicles vehicle,” IEEE

Trans. Power Electronics, vol. 16, n°2, pp. 240-247, March 2001.

J. Faiz, and al, “Direct torque control of induction motor for electric

propulsion systems”, Electric Power Systems Research, vol. 51, pp. 95-

101, 1999.

C. Lascu and al., “A sensorless hybrid DTC drive for high-volume low-

cost applications,” IEEE Trans. Industrial Electronics, vol. 51, n°5, pp

1048-1055, October 2004.

J. Faiz et al., “Sensorless direct torque control of induction motors used

in electric vehicle,” IEEE Trans. Energy Conversion, vol. 18, n°1, pp. 1-

10, March 2003.

K. Jezernik, “Speed sensorless torque control of induction motor for

EV’s”, in Proceedings of IEEE IWAMC'02, pp. 236-241, Maribor

(Slovenla), 2002.

[11] J. Faiz and al., “Different techniques for real time estimation of an
Induction motor rotor resistance in sensorless direct torque control for
electric vehicle,” IEEE Trans. Energy Conversion, vol. 16, n°1, pp. 104-
109, March 2001.

[12] 1. Husain and al., “Design, modeling and simulation of an electric
vehicle system,” SAE Technical Paper Series, Paper # 1999-01-1149.

[13] H. Kubota and al, “Dsp-based speed adaptive flux observer for

induction motor,” IEEE Trans. Industrial Applications, vol. 29, pp. 344-

348, March/April 1993.

(1]
(2]

(3]

(4]

(3]

(6]

(7]

(8]

(9]

[10]



	Go to Previous



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

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




