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Abstract— Intended for being used in legged robots, a
specially designed nonlinear actuator, Dual Smart Drive, which
offers continuously changing transmission ratio and dual
properties, and that is very suitable for situations where the
same drive is required to perform two different types of
start-stop motions of the mobile link, is introduced. Then,
the associated control problem to this nonlinear actuator is
established and a backstepping design strategy is adopted to
develop a Lyapunov-based nonlinear controller that ensures
asymptotic tracking of the desired laws of motion, which have
been properly selected using time optimal control. Finally,
experimental results are presented to show the effectiveness
and feasibility of the proposed nonlinear control method for
the Dual Smart Drive.

I. INTRODUCTION

Presently legged robots performance is characterised both
by very low speeds and high energy expense, resulting in
low efficiency for these machines. This feature, due mainly
to their actuation being realised with conventional drives,
restricts notably their potential [1] and limits the time of
autonomous robot operation. In this respect the selection of
appropriated drive systems is one of the most determining
factors to overcome the stated drawbacks [2], [3]. Several
authors [4], [5], [6] have demonstrated that the employment
of quasi-resonance drives instead of conventional ones
represents a good way for increasing the robot efficiency.
They use variable geometry to accomplish variable reduction
and the arrangement gives different transmission ratios at
different positions of the output joint.

The drive described here, the Dual Smart [7], is also
a further development of the quasi-resonance drives and
it provides a continuously changing transmission ratio
according to the angular position of the mobile link.
Its nonlinear transmission ratio varies smoothly from a
minimum value at the middle position of the mobile link,
ad infinitum value in the extreme positions of the mobile
link. Nevertheless, this drive has the additional advantage
of presenting two possible magnitudes of the reduction ratio
for each position of the mobile link due to the particular
configuration of the mechanism linkages. This dual property
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permits to arrange the linkage mechanism within the limits
of one angle, when the load (or the external force) is
small (and to gain for high speeds of displacement), or
within the limits of another angle, when the load is greater
(having, correspondingly, smaller displacement velocities).
Consequently, the utilisation of this drive allows to increase
the motion speed of walking machines by enabling high
acceleration and deceleration at the beginning and at the
end of the driving (high absolute magnitude of the reduction
ratio), and for maintaining high speeds in the intermediate
part of the driving trajectory both for legs and body (low
absolute magnitude of the reduction ratio).

The use of such a kind of nonlinear actuator augments
control system complexity. In order to solve that problem,
a combined backstepping/time-optimal control strategy is
proposed. The basic idea is to use the backstepping design
technique to develop a Lyapunov-based nonlinear controller
for the Dual Smart Drive that achieves asymptotic tracking of
the reference trajectories, which have been suitable selected
using time optimal control method [8].

The rest of the paper is organized as follows. Section
II describes the Dual Smart Drive and its nonlinear
mathematical model. Section III is devoted to the time
optimal control problem for the calculation of the reference
trajectories. Section IV explains the nonlinear controller
design using backstepping technique. The performance of
the resulting controller is validated in section V through
experimental testing. Finally section VI summarises major
conclusions.

II. SYSTEM DESCRIPTION

The design of the actuator was presented in [9]. It consists
of a crank connected to the reducing gear of a DC motor, a
mobile link that rotates around a fixed point, and a slider that
slips along the mobile link in a radial direction thanks to the
movement of the crank to which it is connected. An essential
characteristic of this actuator is that the length of the crank
is smaller than the distance between the mobile link rotation
axis and the crank rotation axis (see Fig. 1). The kinematics
is determined by the following parameters: �ML - distance
between the mobile link rotation axis and the crank rotation
axis, �C - length of the crank, ϕ - angular position of the rotor
measured clockwise from the ox axis, α - angular position
of the crank measured clockwise from the ox axis, and β -
angular position of the mobile link measured clockwise from
the ox axis. Taking into account that �C < �ML, the mobile
link will move between two extreme positions (see Fig. 1):

−β0 < β < β0 where β0 = arcsin

(
�C

�ML

)
. (1)
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A displacement of the mobile link from one end position
to the other one can be carried out in two different ways -
by displacement of the crank within the limits of the angle
Γ1 (so-called first regime) or within the limits of the angle
Γ2 (so-called second regime). As the relationship between
the angular position of the rotor and the angular position of
the crank is ϕ = KGα , (KG - constant transmission of the
reduction gear), the variation of the angular position of the
mobile link β as function of the angular position of the rotor
ϕ is given by:

β = arctg

(
Sin

(
ϕ

/
KG

)
(�ML/�C)+Cos

(
ϕ

/
KG

)
)

. (2)

The nonlinear transmission ratio KD between the reducing
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Fig. 1. Elements and kinematical schema of the Dual Smart Drive.

gear and the mobile link can be calculated using KD = α̇/β̇ ,
where α̇ is the angular velocity of the crank and β̇ is the
angular velocity of the mobile link. As a result,

KD =
1+(�ML/�C)2 +2(�ML/�C)Cosα

1+(�ML/�C)Cosα
. (3)

This last equation has a 2π periodic character consisting
in two different parts (see Fig. 3): one with negative values
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Fig. 2. Example of Dual Smart Drive connection on a legged robot.

(part Γ2), and another one with positive values (part Γ1).
The negative magnitude of the reduction ratio means that the
crank and the mobile link are rotating in opposite directions.
It is interesting to notice that the reduction ratio tends
to infinity at the end points, −β0, β0, where the crank
is perpendicular to the mobile link. In these points, the
deviation of the mobile link from its medium position is
maximal. That is why, the movement of the mobile link
from one end position to the other one ensures the most
favourable change of the reduction ratio for maintaining high
accelerations at the beginning and at the end of driving
(high absolute magnitude of the reduction ratio) and for
maintaining high speeds in the intermediate part of the
trajectory (low absolute magnitude of the reduction ratio).
Moreover, when the motion of the mobile link is carried
out by displacement of the crank within the limits of the
angle Γ1, the absolute average magnitude of the reduction
ratio will be greater than when displacement is within the
limits of the angle Γ2 (see Fig. 4). This enables to use the
movement of the crank within the limits of the angle Γ2 when
the load is small (i.e. for the motion of the robot’s leg) and
to gain high speeds of displacement, or within the limits of
the angle Γ1 when the load is great (i.e. for the motion of the
robot’s body), having correspondingly, smaller velocities of
displacement. Therefore, the drive allows easily to perform
a displacement of the mobile link from one end position to
another and to have two different laws for changing drive’s
reduction ratio [9]. It is important to point out that at the
singular points, where the drive changes its working regime,
the velocities are null. This essential feature gives us the
possibility to model the Dual Drive dynamics independently
for each working regime and to combine both of them for
a global representation. Additionally, a horizontal operation
of the drive is assumed in order to achieve a gravitational
decoupling. Bearing these facts in mind, the mobile link
equation is given by:

Jiβ̈i = KDKGMi −biβ̇i −MFRisign
(

β̇i

)
, (4)

where Ji is the equivalent inertia of the mobile link in each
working regime i = 1, 2, β̈i is the angular acceleration of the
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Fig. 3. Nonlinear transmission ratio as function of the angular position of
the crank.
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Fig. 4. Absolute magnitudes of the nonlinear transmission ratio as function
of the angular position of the mobile link.

mobile link, Mi is the moment that actuates over the mobile
link, bi is the equivalent viscosity friction coefficient and
MFRi is the moment of dry friction during the movement in
each regime. The rotor equation is given by:

JMϕ̈i =
km

RM
[ui − kE ϕ̇i]−Mi −bMϕ̇i, (5)

where JM is the rotor inertia, ϕ̈i is the angular acceleration
of the rotor, km is the torque constant, ui is the input control
motor terminal voltage, RM is the motor resistance, kE is
the back - EMF constant, and bM is the viscosity friction
coefficient on the motor shaft.

Combining all these equations the dynamic model of the
system with a nonlinear transmission ratio results in:

ẋ1i = x2i,
ẋ2i = f (x1i,x2i)+K (x1i)ui.

(6)

where x1i denotes the angular position of the rotor ϕ , x2i the
corresponding angular velocity ϕ̇ , and,

f (x1i,x2i) = JDi(x1i)

[(
JGiK̇D(x1,x2)

K3
D(x1)

−KMa−

− bGi

K2
D(x1)

)
x2i − MFRGi

KD(x1)
sign

(
x2i

KD(x1)KG

)]
,

K (x1i) = KMbJDi(x1i),

JGi =
Ji

K2
G

, KMa = bM +
kEkm

RM
,

bGi =
bi

K2
G

, MFRGi =
MFRi

KG
,

KMb =
km

RM
, JDi (x1i) =

K2
D(x1)

JMK2
D(x1) + JGi

.

III. TIME OPTIMAL CONTROL

In the previous section it has been argued that the
movement from one end position to the other one ensures
a favorable change of the reduction ratio for each working
regime. Then, the desired control objective is to make this
displacement in a minimum time using all the capabilities
that the electromotor and the transmission have available.
For this reason, a time optimal control [8] will be used for
the calculation of the reference trajectories.

For nonlinear systems, optimal control theory only
provides necessary conditions for optimality. Hence, only a
set of candidate controls can be deduced using the general
theory. So, once the equations of motion have been derived,
the Pontryagin’s Minimum Principle is applied to obtain
the necessary conditions for optimality. Then, the equations
for the state and co-state vector that satisfy the necessary
conditions are determined and subsequently, the control
sequences that can be candidates for time optimal control
are obtained.

The control problem is to minimize the cost functional

Ψ(ui) =
T∫

t0

dt = T − t0, T is free, (7)

subject to a magnitude input constraint of the form |ui(t)| ≤
umax, ∀t ∈ [t0,T ]. The Hamiltonian function for the system
(6) and the cost functional (7) is given by:

Hi(x, p,u) = 1+ x2i p1i + f (x1i,x2i) p2i+
+K (x1i)ui p2i.

(8)

Since the Hamiltonian is linear on ui, the optimal control
is of the form:

u∗i (t) = umaxsign[K(x∗1i(t))p∗2i(t)] (9)

almost everywhere on [t0,T ∗], where T ∗ is the minimum
time, and x∗1i(t) and p∗2i(t) are the state and co-state
trajectories under the optimal control law. Thus the time
optimal control is bang-bang. This means that one can
partition the state space into two regions, one on which
ui = umax and another one on which ui = −umax. The
boundary between them is called the switching curve. For
second-order systems such as this one, one can determine
the switching curve by plotting system trajectories in the
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Fig. 5. State plane trajectories for the system given by (6). For illustration
purposes we used umax = 1.

phase plane for the two extreme control values. Fig. 5
shows trajectories of the system (6) for ui = umax (solid
curves) and ui =−umax (dashed curves). The arrows indicate
direction of motion of the state. One can see that all the
trajectories due to ui = +umax tend to the line x2i = c1 and
all the trajectories due to ui = −umax tend to the line x2i =
−c1. The trajectories which pass through the origin are
labelled as γ+ and γ− [8]. The γ+ curve is the locus
of all points (x1i,x2i) which can be forced to (0,0) by
the control ui = +umax and the γ− curve is the locus of
all points (x1i,x2i) which can be forced to (0,0) by the
control ui =−umax. The γ curve, called the switching curve,
is the union of the γ+ and γ− curves and it divides the state
plane into two regions R+ and R−. R+ consists of the points
to the left of the switching curve γ and R− consists of the
points to the right of the switching curve γ (cf. Fig. 6). As
the bang-bang control has a finite number of switches on
every bounded time interval, it shall be demonstrated that the
extremal controls for the system (6) can switch at most once
and that only the four control sequences {+umax}, {−umax},
{+umax,−umax}, {−umax,+umax} can be candidates for time
optimal control. The arguments are illustrated in Fig. 7. If the
initial state Ξ = (ξ1,ξ2) belongs to the γ+, by definition, the
control sequence {+umax} results in the trajectory Ξ0, which
reaches the origin. The control sequence {−umax} results
in the trajectory ΞA′, which never reaches the origin.
The control sequence {+umax,−umax} results in trajectories
of the type ΞB′C′, which never reach the origin. The
control sequence {−umax,+umax} results in trajectories of
the type ΞD′E ′, which never reach the origin. Therefore,
if the initial state is on the γ+ curve, from all the control
sequences which are candidates for minimum-time control,
only the sequence {+umax} can force the state Ξ to
0. Thus by elimination, it must be time optimal. Using
analogous arguments, we can show that if the initial state
belongs to the γ− curve, then the time optimal control
is ui = −umax. Thus, the time optimal control law for
initial states on the γ curve has been derived. Let us now
consider an initial state X which belongs to the region R+.
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Fig. 6. Switching curve for the second order nonlinear system (6). For
illustration purposes we used umax = 1.
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Fig. 7. Various trajectories generated by the four possible control
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If we use the control sequence {+umax}, the resulting
trajectory is XF ′, shown in Fig. 7, which never reaches the
origin. If the sequence {−umax} is applied, the resulting
trajectory XG′ never reaches the origin. If we apply the
sequence {−umax,+umax}, the resulting trajectory is of the
type XH ′I′, which does not reach the origin. However, if we
use the sequence {+umax,−umax}, then one can reach the
origin along the trajectory XJ′0, provided that the transition
from the control ui = +umax to ui = −umax occurs at the
point J′, that is, at the precise moment that the trajectory
crosses the γ switching curve. This is true for every state
in R+. Thus, by the process of elimination, we have arrived
at the conclusion that the sequence {+umax,−umax} is time
optimal for every state in R+, provided that the control
switches from ui = +umax to ui = −umax at the γ switching
curve. Using identical arguments one concludes that when
the initial state belongs to R− the sequence {−umax,+umax}
is time optimal with the transition from −umax to umax over
γ . The time optimal control u∗i can therefore be written as a
function of the state as follows:

u∗i (x1i,x2i) = +umax ∀(x1i,x2i) ∈ γ+ ∪R+,
u∗i (x1i,x2i) = −umax ∀(x1i,x2i) ∈ γ−∪R−.

(10)

776



Bang-bang control is useful for establishing a theoretical
bound on the best possible controlled system performance,
but its practical is quite difficult [10], [11]. Generally, its
performance degrades severely with modelling inaccuracies,
unpredicted external disturbances or measurement noise.
To add stability, a combination of time optimal control
and backstepping is proposed, by using the time optimal
trajectories as reference values for a controller designed
using integrator backstepping. Thus, the approaches will be
quasi time optimal rather than exactly time optimal.

IV. BACKSTEPPING

In order to solve the tracking problem, a nonlinear
trajectory tracking controller is proposed following the
integrator backstepping technique [12], [13], [14]. Firstly, a
coordinate transformation is introduced for the system (6):

ė1i = e2i + xd2i − ẋd1i,

ė2i = JDi [(GDi −KMa)(e2i + xd2i)−MZi]+

+KMbJDiui − ẋd2i.

(11)

where e1i = x1i−xd1i, e2i = x2i−xd2i denote the position and
velocity tracking errors, xd1i = x∗1i and xd2i = x∗2i, (for i = 1,2)
the time optimal trajectories determined in Section 3 and

GDi =
JGiK̇D(e1i+xd1i,z2i+ẋd1i−k1ie1i)

K3
D(e1i+xd1i)

− bGi

K2
D(e1i+xd1i)

, (12)

MZi =
MFRGi

KD(e1i+xd1i)
sign

(
z2i + ẋd1i − k1ie1i

KD(e1i+xd1i)KG

)
. (13)

Now, a smooth positive definite Lyapunov-like function is
defined:

V1i =
1
2

e2
1i. (14)

Its derivative is given by:

V̇1i = e1i (e2i + xd2i − ẋd1i) . (15)

Next, e2i is regarded as a virtual control law to make V̇1i

negative. This is achieved by setting e2i equal to −xd2i +
ẋd1i − k1ie1i, for some positive constant k1i. To accomplish
this, an error variable z2i that we would like to set to zero is
introduced:

z2i = e2i + xd2i − ẋd1i + k1ie1i. (16)

Then V̇1i becomes:

V̇1i = z2ie1i − k1ie
2
1i. (17)

To backstep, the system (11) is transformed into the form:

ė1i = −k1ie1i + z2i,

ż2i = JDi [(GDi −KMa)(z2i + ẋd1i − k1ie1i)−MZi]+

+KMbJDiui − ẍd1i + k1iė1i.

(18)

Now, a new control Lyapunov function V2i is built by
augmenting the control Lyapunov function V1i obtained in

the previous step using a stabilization function. This function
penalizes the error between the virtual control and its desired
value. So, taking,

V2i = V1i +
1
2

κiz
2
2i, (19)

as a composite Lyapunov function, we obtain:

V̇2i = −k1ie2
1i +κiz2i

[
JDi (GDi −KMa)(z2i + ẋd1i−

−k1ie1i)− JDiMZi+KMbJDiui +
e1i

κi
− ẍd1i + k1iė1i

]
.

(20)

The choice of control,

ui =

(
JM

KMb
+

JGi

KMbK2
D(e1i+xd1i)

)[
−e1i

κi
+ ẍd1i−

−k1iė1i − JDi (GDi −KMa)(z2i + ẋd1i − k1ie1i)−

−JDiMZi − k2iz2i

]
,

(21)

yields,
V̇2i = −k1ie

2
1i −κik2iz

2
2i, (22)

where k1i,k2i,κi> 0. This implies asymptotical stability
according to Lyapunov stability theorem.

V. EXPERIMENTS

To evaluate the performance of the tracking control
algorithm, different experiments were carried out using a
prototype of the Dual Smart Drive. Pulse width modulation
technique (PWM) was used to control the voltage delivered
to the motor. A 2000-pulse-per-revolution optical encoder
was attached to the motor drive to feedback angular position
to the controller. The control algorithms were implemented
directly in a 486 Processor running real time operating
system QNX. The initial conditions for the Dual Smart Drive
were (x1i,x2i) = (−145.4 rad,0 rad/s). The time optimal
reference trajectories were obtained using the bang-bang
control laws:

u∗1 = 10.8V for 0s < t ≤ 1.165s
u∗1 = −10.8V for 1.165s < t ≤ 1.183s
u∗2 = −10.8V for 0s < t ≤ 0.5s
u∗2 = 10.8V for 0.5s < t ≤ 0.518s

(23)

Fig. 8-11 show the results obtained using control law (21)
with k11 = 50, k21 = 80, κ1 = 1 for the first working regime of
the Dual Smart Drive. Red dotted lines represent the desired
values and blue solid lines represent the actual values. In
all the experiments a very good tracking performance was
obtained with a reasonable control effort. It was possible
to appreciate that the first state variable (position) comes
very close to the desired level almost immediately, while
the second state variable (velocity) experiences lengthier
transients. It is also interesting to point out that despite
of the tracking errors of the motor, the mobile link tracks
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its reference trajectory almost perfectly, due to the intrinsic
properties of the Dual Smart Drive.
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Fig. 8. Time evolution of the angular position of the rotor.
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Fig. 9. Time evolution of the angular velocity of the rotor.
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Fig. 10. Reference and actual mobile link trajectories in the phase plane.

VI. CONCLUSIONS

A nonlinear tracking controller which reflects the idealized
dynamics of time optimal control has been presented for
the Dual Smart Drive. This controller has been constructed
using a backstepping design procedure. Asymptotic stability
and the desired tracking performance have been achieved.
The limitations of bang-bang control due to modelling
inaccuracies and unpredicted disturbances, have been
alleviated using backstepping. As modelling and timing
accuracies approach perfection, the controllers presented here
can approach true time optimal control. Experimental results
show the controller effectiveness and demonstrate that the
control objectives were accomplished.
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Fig. 11. Behaviour of the control signal.
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Adaptive Control Design, New York: Wiley, 1995.

[14] H. K. Khalil, Nonlinear Systems, New York: Prentice Hall, 2002.

778


	MAIN MENU
	PREVIOUS MENU
	---------------------------------
	Search CD-ROM
	Search Results
	Print


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (None)
  /CalCMYKProfile (None)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts 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
  /PreserveEPSInfo false
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 2.00333
  /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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 2.00333
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <FEFF005500730065002000740068006500730065002000730065007400740069006e0067007300200074006f0020006300720065006100740065002000500044004600200064006f00630075006d0065006e007400730020007300750069007400610062006c006500200066006f007200200049004500450045002000580070006c006f00720065002e0020004300720065006100740065006400200031003500200044006500630065006d00620065007200200032003000300033002e>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




