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An Adaptive Electric Differential for
Electric Vehicles Motion Stabilization

Bekheira Tabbache, Abdelaziz Kheloui, and Mohamed El Hachemi Benbouzid, Senior Member, IEEE

Abstract—This paper proposes a traction drive system for elec-
tric vehicles (EVs) with two separate induction motor drive-based
wheels. In this case, an electric differential (ED) is developed. To
handle EV stability while cornering or under slippery road con-
dition, the proposed traction drive uses direct torque control and
an adaptive-flux-and-speed-observer-based algorithm. EV-specific
experimental tests on a digital signal processor TMS320LF2407
are carried out to show the effectiveness of the proposed adaptive
ED in terms of robustness and stability.

Index Terms—Adaptive observer, direct torque control (DTC),
electric differential (ED), electric vehicle (EV).

NOMENCLATURE

s, (r) Stator (rotor) index.
α, β Synchronous reference frame index.
l, r Left and right motor subscripts.
∧ Estimated quantity.
∗ Reference quantity.
V (i) Voltage (Current).
ϕ Flux.
ωr Rotor electric speed.
T Motor torque.
R Resistance.
L Inductance.
Lm Magnetizing inductance.
σ Leakage coefficient σ = 1 − L2

m/LsLr.
Tr Rotor time constant (Tr = Lr/Rr).
Ts Stator time constant (Ts = Ls/Rs).
p Pole-pair number.
v Vehicle speed.
r Vehicle wheel radius.
Ω Motor speed.

I. INTRODUCTION

G ENERALLY, in most electric vehicle (EV) propulsion
applications, an ac motor is connected to the wheels by

reduction gears and a mechanical differential. In some vehi-
cle drive arrangements, high-speed, low-torque wheel motors
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Fig. 1. EV dual-motor configuration (FG: fixed gear, EM: electrical motor,
EC: electronic controller, ES: energy source, PC: power converter).

requiring gear reduction are used, and in these cases, either a
gear motor assembly is mounted inside the wheel, or a chassis-
mounted motor is connected to the wheel through gear reduc-
tion. Further simplification of the vehicle drive arrangement
results in the elimination of the gear being interposed between
motor and wheel. The above then calls for the use of an electric
differential (ED) [1]–[4].

ED-based EVs have advantages over classical EVs with a
central motor. Indeed, mounting the motors directly to the
wheels simplifies the mechanical layout. The ED system will
reduce the drive line components, thus improving the overall
reliability and efficiency. This option will also reduce the drive
line weight since mechanical differential and gear reduction are
not used. However, one of the main issues in the design of these
EVs (without mechanical differential) is to ensure vehicle sta-
bility in particular while cornering or under slippery road con-
ditions [2]. This calls for a specific traction control system [5].

In this context, the induction motor has been adopted as the
EV propulsion base [6]. Among the available induction motor
control techniques, direct torque control (DTC) appears to be
very convenient for EV applications [5], [7], [8]. DTC has the
advantage of not requiring speed or position encoders and uses
voltage and current measurements only. Flux, torque, and speed
are estimated. It also has a faster dynamic response due to the
absence of a proportional–integral (PI) current controller. The
input of the motor controller is the reference speed, which is
directly applied by the pedal of the vehicle. However, typical
advantages of DTC are not sufficient in particular regarding
low-speed operation and parameter variations. This calls then
for the use of adaptive observers. In this case, the Luenberger
observer is adopted for the flux and speed estimation [9]–[11].

Specific experimental tests on a digital signal processor
(DSP) TMS320LF2407 are carried out to demonstrate the
feasibility and the effectiveness of the proposed adaptive ED
in terms of robustness and stability.

0018-9545/$26.00 © 2010 IEEE
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Fig. 2. Proposed EV propulsion and control system schematic diagram.

II. ELECTRIC VEHICLE DUAL-MOTOR CONFIGURATION

There are several possible EV configurations regarding the
electric propulsion and the energy sources [12]. In the adopted
dual-motor configuration, the ED is associated with front
wheels and has specific features over [1] (see Fig. 1).

III. CONTROL OF THE ELECTRIC DIFFERENTIAL-BASED

ELECTRIC VEHICLE TRACTION DRIVE

The proposed ED-based EV dual-motor traction drive is
shown in Fig. 2. In this configuration, the EV wheels are
coupled to the induction motors via fixed gears. The left and
right induction motors are fed by two power inverters and
controlled by a DTC strategy. The speeds used by the right
and left motor speed controllers are estimated using adaptive
observers. In a turning way, the quantity provided by the
steering wheel is added to the vehicle reference speed for the
external wheel and extracted from the vehicle reference speed
for the internal wheel. This will generate the left and right
induction motor reference speeds. The DTC torque references
are obtained using PI controllers.

A. Direct Torque Control

DTC is an alternative method to flux-oriented control. The
basic principle is the selection of the electromagnetic torque
and stator flux references by choosing the appropriate inverter
state. Several advantages may be considered: nearly sinusoidal
stator flux and current waveforms; higher robustness regarding
motor parameter variations, except the stator winding resis-
tance; higher torque dynamics; and easier flux and speed es-
timator implementation since coordinate transformation is not
required [7], [8].

Fig. 3. DTC block diagram.

A DTC conventional type is used as shown in Fig. 3 [7].
It includes hysteresis regulators and a commutation table. The
reference torque (T ∗

em) is given by the speed controller, which
is of PI type.
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Fig. 4. Adaptive observer global structure.

As DTC implementation requires torque and flux knowledge,
a more elaborate and efficient solution for that purpose consists
of using state observer determinist types such as the Luenberger
observer [9]–[11]. In this case, the flux components are ob-
tained using an adaptive observer that is also used to estimate
the two induction motor speeds [13]. The estimated torque is
given by

T̂em =
3
2
p (ϕ̂sαisβ − ϕ̂sβisα) . (1)

B. Flux and Speed Observer

In this paper, an adaptive flux and speed observer is adopted.
This observer uses the observed system model. It calculates the
stator flux and rotational speed estimated values using the motor
drive measurements (stator currents and dc voltage).

The induction motor state model developed in the stationary
reference frame is given as follows [13]:{

dx
dt = Ax + Bu
y = Cx

(2)

where x = [ isα isβ ϕrα ϕrβ ]T is the state vector, u =
[Vsα Vsβ ]T is the input vector, and y = [ isα isβ ]T is the
output vector, with

A=

⎡
⎢⎢⎢⎢⎣

− 1
σ

(
1−σ
Tr

+ 1
Ts

)
0 Lm

σLsLrTr

Lm

σLsLr
ωr

0 − 1
σ

(
1−σ
Tr

+ 1
Ts

)
− Lm

σLsLr
ωr

Lm

σLsLrTr

Lm

Tr
0 − 1

Tr
−ωr

0 Lm

Tr
ωr − 1

Tr

⎤
⎥⎥⎥⎥⎦

B=

⎡
⎢⎢⎣

1
σLs

0
0 1

σLs

0 0
0 0

⎤
⎥⎥⎦ C =

[
1 0 0 0
0 1 0 0

]
.

The estimated speed ωr is considered as a variable parameter.
Using (2), a global observer structure can be written as

dx̂

dt
= Âx̂ + Bu + G (y − ŷ) (3)

where G is the observer gain matrix, which is selected to ensure
system stability. The global adaptive flux and speed observer
structure is shown in Fig. 4.

Fig. 5. EV driving trajectory model.

Fig. 6. Reference torque generation block diagram.

The stability analysis (Lyapunov stability theorem) in terms
of observation error allows having an asymptotic observer. The
speed-adaptive mechanism is then given by

ω̂r =Kpe (esαϕ̂rβ−esβϕ̂rα)+Kie

∫
(esαϕ̂rβ−esβϕ̂rα) dt

(4)

where Kpe and Kie are positive gains, esα = isα − îsα, and
esβ = isβ − îsβ .

C. ED

The block diagram of Fig. 2 assumes that the vehicle linear
speed v is maintained constant during each maneuver. There-
fore, the DTC torque commands are produced by selecting
the vehicle desired speed. Each induction motor rotation speed
depends on the selected driving regime type [14].

For the straight-line regime, the motor rotation speeds are

ωl = ωr =
v

r
. (5)

For the turning regime (see Fig. 5), the rotation speeds for
each motor are different. For example, in the right turning way,
these speeds are expressed as⎧⎪⎨

⎪⎩
ωl = 2v

(1+ ρ+2d
ρ−2d )r

= v
r + Δω

ωr = 2v

(1+ ρ+d
ρ−d )r

= v
r − Δω

Δω = d v
ρr

(6)

where Δω is imposed when the vehicle crosses a turning way.



TABBACHE et al.: ADAPTIVE ELECTRIC DIFFERENTIAL FOR ELECTRIC VEHICLES MOTION STABILIZATION 107

Fig. 7. Experimental setup. (a) Setup details. (b) Setup pictures.

The vehicle speed is given by

v = r
ωl + ωr

2
. (7)

D. Reference Torques

The induction motor references are generated by PI control-
lers, which maintain the speed constant under any load torque.

It is given by

T ∗
l,r = Kp

(
ω∗

l,r − ω̂l,r

)
+ Ki

t∫
t0

(
ω∗

l,r − ω̂l,r

)
dt (8)

where Kp and Ki are PI coefficients.
Fig. 6 shows the block diagram that illustrates the induction

motor torque reference generation principal.
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TABLE I
RATED DATA OF THE TESTED INDUCTION MOTORS

Fig. 8. EV speed reference.

IV. EXPERIMENTAL TESTS

A. Experimental Setup

The experimental setup details and pictures are shown in
Fig. 7. The used cage induction motor rated data are given in
Table I. These motors are each supplied by a two-level voltage
inverter.

The setup main components are given as follows: a DSP
system (single fixed-point TMS320LF2407), an optical encoder
attached to the motor shaft only to allow comparison be-
tween estimated and measured speeds, and current and voltage
sensors. The DSP system is interfaced to a standard power
converter. The continuous-time algorithm is discredited with a
sampling period of 100 μs. At each sampling instant, the DSP
receives stator current and voltage measurements and then runs
the estimation algorithm, the DTC scheme, and the ED.

For the EV driving cycle emulation, a magnetic power brake
is used. It allows load torque generation, which is controlled by
varying an excitation current. Indeed, the load torque is strictly
proportional to the excitation.

B. Vehicle Reference Speed Profile

Fig. 8 shows the vehicle reference speed profile. This profile
consists of Phase 1 (constant acceleration, speed increases
linearly), Phase 2 (constant speed), and Phase 3 (constant
deceleration, speed decreases linearly).

C. ED Procedure Tests

The following two situations have been investigated for the
ED tests: 1) the straightway regime, where the two motors
operate at the same speed, and 2) the turning-way regime,
where each motor operates at different speeds.

D. Experimental Results

Figs. 9 and 10 illustrate the proposed ED-based EV dual-
motor traction drive performances. Figs. 9(a) and 10(a) il-
lustrate the right and left induction motor speeds under the
Fig. 8 driving cycle (with left and right turning ways), re-

Fig. 9. Right induction motor dynamic performances. (a) Speed. (b) Esti-
mated torque, speed, and their references. (c) Zoom on the stator current,
estimated torque, and estimated and reference speeds.

spectively. In this case, three speeds are shown in Fig. 9(a):
(blue) estimated speed, (red) reference speed, and sensor speed,
which is shown only for comparison purposes. Figs. 9(b) and
10(b) allow the ED performance evaluation in terms of load
torque variations. Finally, the given zoom in Figs. 9(c) and
10(c) clarifies the ED performance in terms of currents under
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Fig. 10. Left induction motor dynamic performances. (a) Speed. (b) Estimated
torque, speed, and their references. (c) Zoom on the stator current, estimated
torque, and estimated and reference speeds.

load torque variations. These obtained results lead to two
conclusions.

1) Speed estimations are effective [see Figs. 9(a) and 10(a)].
2) Torque estimations are effective [see Figs. 9(b) and

10(b)].

Fig. 11. EV electronic differential responses. (a) Left and right reference and
estimated speeds. (b) Left and right reference speed and vehicle linear speed.

Fig. 11 shows the EV electronic differential responses in
terms of right and left induction motor speeds under right and
left turning ways [see Fig. 11(a)]. It is obvious that the ED
satisfactorily operates according to the applied speed profile
[see Fig. 11(b)].

V. CONCLUSION

This paper has dealt with an ED-based EV. The ED system
will reduce the drive line components, thus improving the over-
all reliability and efficiency since mechanical differential and
gear reduction are not used. In this case, The EV traction drive
system uses two separate induction motor drive-based wheels.

The proposed ED has been developed to handle the EV
stability while cornering or under slippery road conditions. For
that purpose, it uses a DTC and an adaptive-flux-and-speed-
observer-based algorithm.

The carried-out specific experimental tests on a DSP
TMS320LF2407 have clearly demonstrated the feasibility and
the effectiveness of the proposed adaptive ED in terms of
robustness and stability without mechanical sensors. However,
a comparative study should be carried out to assess the pro-
posed electrical differential efficiency and reliability regarding
a traditional mechanical differential.



110 IEEE TRANSACTIONS ON VEHICULAR TECHNOLOGY, VOL. 60, NO. 1, JANUARY 2011

REFERENCES

[1] F. J. Perez-Pinal, I. Cervantes, and A. Emadi, “Stability of an electric
differential for traction applications,” IEEE Trans. Veh. Technol., vol. 58,
no. 7, pp. 3224–3233, Sep. 2009.

[2] A. Haddoun, M. E. H. Benbouzid, and D. Diallo, “Modeling, analysis,
and neural network control of an EV electrical differential,” IEEE Trans.
Ind. Electron., vol. 55, no. 6, pp. 2286–2294, Jun. 2008.

[3] B. Tabbache, A. Kheloui, and N. Hanini, “An electric differential system
for a two-wheel mobile plat-form using direct torque control with adaptive
flux and speed observers,” in Proc. IEEE SPEEDAM, Ischia, Italy, Jun.
2008, pp. 550–556.

[4] N. Mutoh, Y. Hayano, H. Yahagi, and K. Takita, “Electric braking con-
trol methods for electric vehicles with independently driven front and
rear wheels,” IEEE Trans. Ind. Electron., vol. 54, no. 2, pp. 1168–1176,
Apr. 2007.

[5] A. Haddoun, F. Khoucha, M. E. H. Benbouzid, and D. Diallo, “SDTC
neural network traction control of an electric vehicle without differential
gears,” in Proc. IEEE VPPC, Arlington, TX, Sep. 2007, pp. 259–266.

[6] M. Zeraoulia, M. E. H. Benbouzid, and D. Diallo, “Electric motor drive
selection issues for HEV propulsion systems: A comparative study,” IEEE
Trans. Veh. Technol., vol. 55, no. 6, pp. 1756–1764, Nov. 2006.

[7] A. Haddoun, M. E. H. Benbouzid, and D. Diallo, “A loss-minimization
DTC scheme for EV induction motors,” IEEE Trans. Veh. Technol.,
vol. 56, no. 1, pp. 81–88, Jan. 2007.

[8] F. Khoucha, S. M. Lagoun, K. Marouani, A. Kheloui, and M. E. H.
Benbouzid, “Hybrid cascaded H-bridge multilevel-inverter induction-
motor-drive direct torque control for automotive applications,” IEEE
Trans. Ind. Electron., vol. 57, no. 3, pp. 892–899, Mar. 2010.

[9] I. Vincente, A. Endemano, X. Garin, and M. Brown, “Comparative study
of stabilising methods for adaptive speed sensorless full-order observers
with stator resistance estimation,” IET Control Theory Appl., vol. 4, no. 6,
pp. 993–1004, Jun. 2010.

[10] J. Guzinski, H. Abu-Rub, M. Diguet, Z. Krzeminski, and A. Lewicki,
“Speed and load torque observer application in high-speed train electric
drive,” IEEE Trans. Ind. Electron., vol. 57, no. 2, pp. 565–574, Feb. 2010.

[11] L. Harnefors and M. Hinkkanen, “Complete stability of reduced-order and
full-order observers for sensorless IM drives,” IEEE Trans. Ind. Electron.,
vol. 55, no. 3, pp. 1319–1329, Mar. 2008.

[12] C. C. Chan, “The state of the art of electric, hybrid, and fuel cell vehicles,”
Proc. IEEE, vol. 95, no. 4, pp. 704–718, Apr. 2007.

[13] A. Bilal, U. Orguner, A. Ersak, and M. Ehsani, “Simple derivative-free
nonlinear state observer for sensorless AC drives,” IEEE/ASME Trans.
Mechatronics, vol. 11, no. 5, pp. 1083–4435, Oct. 2006.

[14] S. Sakai, H. Sado, and Y. Hori, “Motion control in an electric vehicle
with four independently driven in-wheel motors,” IEEE/ASME Trans.
Mechatronics, vol. 4, no. 1, pp. 9–16, Mar. 1999.

Bekheira Tabbache was born in Chlef, Algeria, in
1979. He received the B.Sc. and M.Sc. degrees in
electrical engineering, from the Polytechnic Military
Academy, Algiers, Algeria, in 2003 and 2007, re-
spectively. He is currently working toward the Ph.D.
degree in electric vehicle fault-tolerant control with
the University of Brest, Brest, France.

In 2004, he joined the Department of Electrical
Engineering, Polytechnic Military Academy, as a
Teaching Assistant.

Abdelaziz Kheloui received the M.Sc. degree from
the Ecole Nationale d’Ingénieurs et Techniciens of
Algeria, Algiers, Algeria, in 1990 and the Ph.D.
degree from the National Polytechnic Institute of
Lorraine, Nancy, France, in 1994, both in electrical
engineering.

Since 1994, he has been with the Department of
Electrical Engineering, Polytechnic Military Acad-
emy, Algiers, where he has been an Assistant and
then an Associate Professor. His current research
interests are the control of electrical drives and power

electronics.

Mohamed El Hachemi Benbouzid (S’92–M’95–
SM’98) was born in Batna, Algeria, in 1968. He
received the B.Sc. degree in electrical engineering
from the University of Batna, in 1990, the M.Sc. and
Ph.D. degrees in electrical and computer engineering
from the National Polytechnic Institute of Grenoble,
Grenoble, France, in 1991 and 1994, respectively,
and the Habilitation à Diriger des Recherches de-
gree from the University of Picardie “Jules Verne,”
Amiens, France, in 2000.

After receiving the Ph.D. degree, he joined the
Professional Institute of Amiens, University of Picardie “Jules Verne,” where
he was an Associate Professor of electrical and computer engineering. In
September 2004, he joined the University Institute of Technology of Brest,
University of Brest, Brest, France, as a Professor of electrical engineering.
His research interests include the analysis, design, and control of electric
machines; variable-speed drives for traction, propulsion, and renewable-energy
applications; and fault diagnosis of electric machines.

Prof. Benbouzid is a Senior Member of the IEEE Power Engineering,
Industrial Electronics, Industry Applications, Power Electronics, and Vehicular
Technology Societies. He is an Associate Editor for the IEEE TRANSACTIONS

ON ENERGY CONVERSION, the IEEE TRANSACTIONS ON INDUSTRIAL

ELECTRONICS, the IEEE TRANSACTIONS ON VEHICULAR TECHNOLOGY,
and the IEEE/ASME TRANSACTIONS ON MECHATRONICS.



<<
  /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
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /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 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues false
  /PreserveEPSInfo true
  /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 300
  /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 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 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 <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 [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


