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Abstract— In this paper, a controller for internal combustion
engine is presented. This scheme is based on the combination
of high order sliding mode, integral sliding mode and globally
linearizing strategies. That technique is used to find a control
law such that output is related linearly to the input, i.e. to
find a suitable equation eliminating the non-linearity between
output and input. The integral sliding mode control is used
to guarantee the robustness of the closed-loop system, and
the high order sliding mode control is applied to track the
reference signal, to reject perturbations and to estimate a
certain unknown value of the system by means of the equivalent
control method.

I. INTRODUCTION

Since, the automotive industry is constantly pursuing to

satisfy the end user demand of fuel efficient along with free

running of the vehicle, almost every modern car is equipped

with on board diagnostics softwares in their electronic

control units (ECUs) to control and monitor the engine

operations.
The engine speed control problem has been considered

in several publications [1]–[4]. Usually, these controllers are

based on mean value engine models (MVEMs) [5] due to

the fact that these models can describe the behavior of spark

ignition (SI) engines [6], [7]. The MVEMs models describe

the time development of the most important measurable

engine variables on time scales a little larger than an engine

cycle [8], [9].
The sliding mode (SM) control approach has been widely

used by control engineers for the regulation of dynamic

systems. The attractiveness of this control technique is due

to its robustness property to matched perturbations [10].

The SM techniques are based on the idea of the sliding

manifold, that is an integral manifold with finite reaching

time [11]. The integral SM control [12]–[14] has been

proposed with the aim to force the system trajectories to

start at initial time in the sliding manifold, eliminating in

that way the reaching phase and ensuring robustness at

the same time. These controllers have been shown high

performance and easy implementation as shown in [15]–

[18]. However, the basic approach guarantees robustness in

*This project was supported by the National Council on Science and
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presence of the matched disturbances only [19]. To deal with

the disturbances affecting the motion on the sliding manifold,

that is unmatched disturbances, several methods have been

considered. A common and effective approach is the design

of sliding manifolds which includes integral actions as in

[20]–[22]

As an alternative to the mentioned methods, the integral

nested SM algorithms (IN-SM) [23], [24], are based on the

application of nested SM control [25] combined with the

integral SM control [12]–[14] to nonlinear systems presented

in the nonlinear block controllable form [26], [27]. This

approach was proposed with the idea to design sliding

manifold which includes integral SM terms. In this way,

the motion on the sliding manifold has the characteristics

of the integral SM controllers, rejecting or attenuating

the unmatched disturbances with the nested sliding mode

philosophy. The nested SM approach consists in introducing

smooth functions that approximate the sing function in the

SM dynamics. The approximation function is the sigmoid

one. The smoothness of this function allows to continue with

the block control design procedure. This proposal allows

to design a well defined manifold, however, with reduced

robustness and tracking performance. To overcome this major

drawback of the IN-SM it was proposed the integral nested

higher-order sliding modes (IN-HOSM) algorithms [28], [29]

as an extension of IN-SM ones. Using quasi-continuous SM

(QC-SM) algorithms [30] instead of sigmoid functions, leads

to a nested integral structure but with exact disturbance

rejection. It is worth to highlight that the QC-SM algorithms

can be designed to be differentiable for each block by

selecting a suitable SM order, as it was shown in similar

techniques [31], [32].

This work aims to design a robust controller for the

internal combustion engine with unknown parameters using

the (IN-HOSM) algorithms [28], [29]

The paper is organized as follows: Section II provides the

considered model of the MVEM. Section III describes the

proposed controllers, including a detailed stability analysis

of the designed closed-loop system. Simulation results are

presented in Section IV. Finally, in Section V the conclusions

are given.

II. MEAN VALUE ENGINE MODELS

In this section the Mean Value Engine Model (MVEM) of

Spark Ignition (SI) is presented [33].
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A. The Crank Shaft Speed State Equation

The crank shaft state equation is derived using straight

forward energy conservation considerations. Energy is

inserted into the crank shaft via the fuel flow. To avoid

the modeling of the cooling and exhaust system losses, the

thermal efficiency of the engine is inserted as a multiplier of

the fuel mass flow. Losses in pumping and friction dissipate

rotational energy while some of the energy goes into the

load. Physically this is expressed as a conservation law: the

rate of a change of the crank shaft rotational kinetic energy

is equal to sum of the power available to accelerate the crank

shaft and that of the load:

ṅe = − (Pf + Pp + Pb)

Jene
+

Huηiṁf

Jene
(1)

where ne is the crank shaft speed, Je is the moment of

inertia in the rotating parts of the engine, Pf , Pp and Pb

are the power lost to the friction, pumping losses and the

load, respectively, Hu is the fuel burn value, ηi is the thermal

efficiency, and ṁf is the fuel mass flow.

The loss functions Pf and Pp form the load input to the

engine and can be implemented to match a desired operating

scenario. They are usually regressions based on data from

engine measurements and can be modeled by the following

regressions functions:

Pf =0.0135n3
e + 0.2720n2

e + 1.6730ne

Pp =nePm(0.2060ne − 0.9690).
(2)

where Pm is the pressure in the intake manifold. It has been

found convenient to express the load power as the function:

Pb = kbn
3 (3)

where kb is the loading parameter. It is adjusted in such a

way than the engine is loaded to the desired power or torque

level at a given operating point.

The thermal efficiency ηi is also a regression and can be

modeled by the following polynomial:

ηi = 0.55(1− 0.39ne
−0.36)(0.82 + 0.58Pm − 0.39Pm

2). (4)

B. Fuelling System

The fluid film flow model describes the dynamics of the

fluid flow through the manifold. The fluid flow ṁf has two

components: fuel vapor flow and fuel film flow, denoted by

ṁfv , ṁff , respectively [33].

m̈ff =
1

τf
(−ṁff ) +Xfṁfi

ṁfv = (1−Xf )ṁfi

ṁf = ṁff + ṁfv

(5)

where ṁfi is the injected fuel mass flow, Xf is the fraction

of ṁfi which is deposited on the manifold as fuel film and

τf is the fuel evaporation time constant (0.25s).

C. Manifold Pressure State Equation

In the derivation of the manifold pressure state equation,

the common procedure is to use the conservation of air mass

in the intake manifold:

ṁm = ṁai − ṁao (6)

where ṁm is the air mass flow in the intake manifold, ṁai

and ṁao represent mass flow rate in and out of the intake

manifold, i.e. through the throttle valve and into the cylinder,

respectively.

The pressure in the intake manifold Pm can be related to

the air mass in the manifold mm using the ideal gas equation

PmVm = mmRTm (7)

where R is the ideal gas constant, Tm is the intake manifold

temperature and Vm is the intake manifold volume.

Taking time derivatives of (7) and using (6), the intake

manifold pressure equation is obtained of the form

Ṗm =
RTm

Vm
(ṁai − ṁao). (8)

The expressions forms of ṁai and ṁao are described in the

following Subsections.

1) Port Air Mass Flow: The air mass flow ṁao at the

intake port of the engine can be obtained from the speed-

density equation [33] as

ṁao =

√
Tm

Ta

Vd

120RTm
(evPm)ne. (9)

On the other hand, the relation between Pm and the speed

ne is given by [34]

evPm = siPm − yi (10)

where Ta is the ambient temperature, Vd is the engine

displacement, the manifold pressure slope si is slightly less

than 1 and the manifold pressure intercept yi is close to 0.10;

they are always positive and depend mostly on the crank

shaft speed. Moreover, they should not change much over the

range operating an engine from one engine to another except

for those which are highly tuned. The form of equation (10)

has been known phenomenologically at Ford for many years

but in [34] this equation has been derived from physical

considerations. This means that it can be rapidly applied to

many different engines with basically only a knowledge of

a few physical constants, and this is the advantage of the

derivation above.

Using now (10) the speed-density equation (9) becomes

ṁao =

√
Tm

Ta

Vd

120RTm
(siPm + yi)ne. (11)

2) Throttle Air Mass Flow: The second important

equation is the manifold pressure state equation, which is

used to describe the air mass flow past the throttle plate. This

part of the model based on the isoentropic flow equation for

a converging-diverging nozzle, is given by [33]

ṁai = ṁai1
Pa√
Tm

β1(α)β2(Pr) + ṁai0 (12)



where Pa is the ambient pressure, ṁai1 and ṁai0 are

constants, α is the throttle angle and β1(α) is the throttle

plate angle dependency which can be described by the

following function as an approximation to the normalized

open area:

β1(α) = 1− cos(α)− α0

2

2
(13)

where α0 is the fully closed throttle plate angle (radians). The

function β1(α) serves as the function of an area dependent

on the discharge coefficient β2(Pr), and it is defined by the

isentropic flow expression:

β2(Pr) =

⎧⎪⎨
⎪⎩

1 Pr < Pc√
1−

(
Pr−Pc

1−Pc

)
Pc ≤ Pr

(14)

where Pr = Pm/Pa, and Pc = 0.4125 is the critical pressure

(turbulent flow).

D. Internal Combustion Engine Model

The MVEMs state system (1-14), using the state variables

x = [x1 x2 x3]
T = [ṁf ne Pm]T is presented in the

following form:

ẋ1 =
1

τf
(ṁfi − x1) + (1−Xf )m̈fi

ẋ2 = −f2(x1, x2)− b2(x2)x3

ẋ3 = f3(x2, x3) + b3(x3)β1(α)

(15)

where

f2(x1, x2) =
Pf+Pb

Jex2
+ Huηix1

Jex2
, b2(x2) = 0.206x2−0.969

Je
,

f3(x2, x3) =
RTm

Vm
[ṁai0 −

√
Tm

Ta

Vd

120RTm
(six3 + yi)x2], and

b3(x3) =
RTm

Vm
˙mai1

Pa√
Tm

β2(Pr).

Defining the input vector u = (u1, u2)
T as u1 = ṁfi and

u2 = α and the output vector y = (y1, y2)
T = h(x) with

y1 = λ(x) and y2 = x2, where λ(x) is the value of air-

to-fuel ratio, the system (15) can be written in a controller

canonical form:

ẋ = f(x) +G(x)ũ

y = h(x)
(16)

where

f(x) =

⎡
⎣

−x1

τf

−f2(x1, x2)− b2(x2)x3

f3(x2, x3)

⎤
⎦

G(x) =

⎡
⎣ 1 0

0 0
0 b3(x3)

⎤
⎦

ũ =

[
ũ1

ũ2

]
=

[
1
τ u1 + (1−Xf )u̇1

(1− cos(u2)− α2
0

2 )

]
(17)

III. CONTROL DESIGN

There are two control objectives: the first is to force the

engine speed ne to track some desired reference ner, and the

second one is that the value of air-to-fuel ratio λ must reach

the unity that achieves a stochiometric value of 14.67.

A. Control of Air-to-Fuel Ratio

In this subsection, to design a sliding manifold the input-

output feedback linearization technique [35] is used. The

normalized air-to-fuel ratio is expressed by

λ =
ṁai

14.67ṁf
. (18)

Now, define the output tracking error as

e1 = λ− r1 (19)

where r1 is the reference signal for λ. Then the error

dynamics is derived of form

ė1 = f0(x) + b0(x)ũ1 +Δ1(t) (20)

where f0(x) = Lλf(x), b0(x) = LλG(x) are Lie

derivatives, and Δ1(t) = ṙ1 is considered as a unknown

disturbance term, since it is not easy to measure. It is

reasonably assumed that LλG(x) �= 0 in some admissible

domain. Then the control law is proposed of the following

form:

ũ1 =
usm − Lλf(x)

LλG(x)
(21)

with usm as the generalized super-twisting algorithm [36]

usm = −k11[|e1|1/2sign(e1) + μ|e1|3/2sign(e1)] + usm1

u̇sm1 = −k12[1/2sign(e1) + 2μe1 + 3/2μ2|e1|2sign(e1)]
(22)

where e1 is the sliding surface, μ, k11 and k12 are the control

gains.

Substitute to the original control (17) into (21), yields to

u̇1 =
1

1−Xf

[
ũ1 − u1

τf

]

=
1

1−Xf

[
usm − Lλf(x)

LλG(x)
− u1

(1−Xf )τf

] (23)

B. Engine Speed Control Design

The control law to engine speed ne is define as follows.

Define the engine speed tracking error as

e2 = ne − ner = x2 − x2r (24)

where ner is a reference signal. From (15) and (24), the error

dynamics can be derived of the form

ė2 = −f21(x2)− b2(x2)x3 − ẋ2r +Δ2(x) (25)

where f21 =
Pf+Pb

Jex2
. The term Δ2(x)

Δ2(x) =
Huηix1

Jex2
(26)

is considered in (25) as an unknown disturbance term since

it contains the unknown thermal efficiency ηi.
To stabilize the dynamics for e2 in (25), the variable x3

can be considered as a virtual control. Then the desired value

for x3, i.e, x3des is determined as

x3des = x0
3des + x1

3des + x2
3des (27)



where x1
3des will be designed to reject the disturbance Δ2(x)

in finite time by using the integral sliding mode technique

[14] in combination with quasicontinuos SM control [30].

The term x2
3des will be designed to cancel the known

derivative ẋ2r. The term x0
3des will be chosen such that e2(t)

exponentially converges to zero.

Having x3des (25), the error e3 is defined as

e3 = x3 − x3des (28)

and (25) can be rewritten of the form

ė2 = −f21(x2)− b2(x2)x
0
3des − b2(x2)x

1
3des

− b2(x2)x
2
3des +Δ2(x)− ẋ2r.

(29)

Choose x2
3des as

x2
3des = −b−1

2 (x2)ẋ2r. (30)

To deign x1
3des, we define the sliding variable σ2 as

σ2 = e2 − z2 (31)

where z2 is an integral variable to be defined below. From

(25), (30) and (31), the dynamics for σ2 are given by

σ̇2 = −f21(x2)− b2(x2)x
0
3des − b2(x2)x

1
3des

+Δ2(x) + ż2
(32)

where ż2 is selected of the form

ż2 = f21(x2) + b2(x2)x
0
3des (33)

with z2(0) = e2(0) in order to fulfill the requirement

σ2(0) = 0. With this selection of ż2, system (32) reduces

to

σ̇2 = −b2(x2)x
1
3des +Δ2(x) (34)

To enforce sliding motion on the manifold σ2 = 0 despite

of the disturbance Δ2(x), the term x1
3des in (34) is chosen

as

x1
3des = b−1

2 (x2)ζ (35)

with ζ as the solution of [30]

ζ̇ = −α
σ̇2 + β|σ2|1/2sign(σ2)

|σ̇2|+ β|σ2|1/2 (36)

where α > 0 and β > 0.

When the SM motion on the manifold σ2 = 0 is reached,

the equivalent value b2{x1
3des}eq as a solution of σ̇2 = 0

(32) is calculated of the form

b2{x1
3des}eq = Δ2(x) (37)

This shows that the disturbance Δ2(x) is rejected by

the equivalent virtual control {x1
3des}eq [10]. Having

{x1
3des}eq = b−1

2 ζ (34) and usign (37) and then (26) the

estimated value η̂i of thermal efficiency ηi can be obtained

as

η̂i =
ζx2Je
Hux1

. (38)

As result, the dynamics (29) are reduced on σ2 = 0 to

ė2 = −f21 − b2(x2)x
0
3des. (39)

Thus, to stabilize (39) the desired dynamics k2e2 are

introduced by means of

x0
3des = b−1

2 (x2)[k2e2 − f21(x2)] (40)

with k2 > 0. Having (40) the dynamics ż2 (33) reduce to

ż2 = k2e2 (41)

From (28) it follows that

ė3 = f3(x2, x3) + b3(x3)ũ2 − ẋ3des (42)

where pseudo control ũ2 is proposed as follows:

ũ2 = b−1
3 (x3)(ẋ3des − f3(x2, x3) + ust) (43)

where the derivative ẋ3des is obtained by a sliding mode

exact robust differentiator [37], and to enforce sliding motion

on the manifold e3 = 0 (28), the control ust in (43) is chosen

using super twisting algorithm [37]:

ust = ust1 + ust2

ust1 = −k21|e3|1/2sign(e3)

u̇st2 = −k22sign(e3)

(44)

with the control gains k21 > 0 and k22 > 0.

By using (13) the final expression for the control results

as follows:

u2 = cos−1
(
1− ũ2 − α2

0

2

)
(45)

C. Closed-loop system stability

Using the nonsingular transformation (19), (24), (35), (30)

and (40)

e1 = λ− r

e2 = x2 − x2des

e3 = x3 − b−1
12 (k2e2 − f12(e2) + ζ − ẋ2des)

σ2 = e2 + z2

(46)

with the integral variable z2 and ζ defined by (41), and (36)

respectively; the extended closed loop system (20), (25) and

(42) is presented as⎧⎪⎨
⎪⎩
ė1 = −k11[|e1|1/2sign(e1) + μ|e1|3/2sign(e1)]

+u12 +Δ1(t)

u̇21 = −k12[1/2sign(e1) + 2μe1 + 3/2μ2|e1|2sign(e1)]

(47){
ė2 = −k2e2 − ζ + b12e3 +Δ2(x) (48){
σ̇2 = −ζ + b12e3 +Δ2(x)

ζ̇ = −α σ̇2+β|σ2|1/2sign(σ2)
|σ̇2|+β|σ2|1/2

(49)

{
ė3 = −k21|e3|1/2sign(e3) + u21

u̇21 = −k22sign(e3).
(50)



Considering the disturbances in the closed-loop system (47)-

(50) as fulfilling the following conditions:

|Δ̇1(t)| ≤ L1

|Δ̇2(x)| ≤ L2

(51)

in some admissible region Ω0 with L1 > 0 and L2 > 0, the

stability of the closed-loop system (47)-(50) is outlined in

the stepwise procedure

(Step A) Reaching phase of the projection motion (50).

(Step B) The SM stability of the projection motion (49).

(Step C) The SM motion stability of (48) on the manifold

e3 = 0.

(Step D) Reaching phase of the projection motion (47).

Step A) If we select k21 > 0 and k22 > 0, the system (50)

will be finite time stable [38], i.e. this solution converges to

the origin e3 = 0 in finite time.

(Step B) For (49), the motion on the manifold e3 = 0 is

described by

σ̇2 = −ζ +Δ2(x)

ζ̇ = −α
σ̇2 + β|σ2|1/2sign(σ2)

|σ̇2|+ β|σ2|1/2
(52)

by applying the change of variables ψ1 = σ2 and ψ2 = σ̇2,

the system (52) is written as

ψ̇1 = ψ2

ψ̇2 = −α
ψ̇1 + β|ψ1|1/2sign(ψ1)

|ψ̇1|+ β|ψ1|1/2
+ Δ̇2(x)

(53)

under condition (51), there exist α > 0 and β > 0such

that a solution of the system (53) converges to the origin

(ψ1, ψ2) = (σ2, σ̇2) = (0, 0) in finite time, inducing a SM

motion on σ2 = 0 [30].

(Step C) The motion for (48) on the set (e3, σ2) = (0, 0)
given by

ė2 = −k2e2 (54)

with k2 > 0 is exponentially stable.

(Step D) Using the transformation q = u12 + Δ1(t), the

system (47) yields to

ė1 = −k11[|e1|1/2sign(e1) + μ|e1|3/2sign(e1)] + q

q̇ = −k12[1/2sign(e1) + 2μe1 + 3/2μ2|e1|2sign(e1)]

+ Δ̇1(t)
(55)

Under the assumption (51), it follows that if k11 > 0 and

k22 > 3L1 + 4( L1

k11
)2, then the equilibrium point (e1, q) =

(0, 0) finite time despite of the perturbation Δ1(t) [36].

IV. SIMULATIONS

In this Section, we verify the performance of the proposed

control scheme by means of numerical simulations.

We consider a MVEMs with the following nominal

parameters [34]: Vd = 1.275 L, R = 0.00287, Vm = 0.0017,

I = 480(2π/60)2, Hu = 4300, Lth = 14.67, λ = 1.0,

Tm = 293, Ta = 293, , Pc = 0.4125, Pa = 1.013,

Pr = Pm/Pa, ṁai1 = 5.9403, ṁai0 = 0, si = 0.961,

yi = −0.07. The velocity reference signal starts from 1.5
krpm and it increases to 2 krpm in the first 5 s and then it

remains constant for 5 to 9 s, again increases from 2 krpm

to 3 krpm of 9 to 18 s, and finally in 4 krpm it remains

constant for 18 to 30 s.
In Figure 1 it is shown the output tracking response of λ;

it presents an acceptable performance even in the presence of

an perturbation. The response of the engine speed is shown

in Figure 2, it has a good behavior even in the value of the

thermal efficiency ηi is unknown. This value is estimated by

SM, as it is shown in Figure 3. Finally, Figure 4 shows the

traking errors e2 and e3 responses.
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V. CONCLUSIONS

The proposed control for the internal combustion engine

is designed using a combination of integral and high

order SM techniques. which ensure finite time stability of

the closed-loop system in presence of unmatched engine

parameters variations. Simulations results show efficiency of

the proposed control scheme.
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Nacional de la Asociacin de México de Control Automático 2013,
2013, pp. 1–6.

[29] G. J. Rubio, J. D. Sanchez-Torres, J. M. Canedo, and A. G. Loukianov,
“Integral high order sliding mode control of single-phase induction
motor,” in Electrical Engineering, Computing Science and Automatic
Control (CCE), 2013 10th International Conference on, 2013, pp. 1–6.

[30] A. Levant, “Quasi-continuous high-order sliding-mode controllers,”
Automatic Control, IEEE Transactions on, vol. 50, no. 11, pp. 1812
– 1816, nov. 2005.

[31] A. Estrada and L. Fridman, “Quasi-continuous HOSM control for
systems with unmatched perturbations,” Automatica, vol. 46, no. 11,
pp. 1916 – 1919, 2010.

[32] ——, “Integral hosm semiglobal controller for finite-time exact
compensation of unmatched perturbations,” Automatic Control, IEEE
Transactions on, vol. 55, no. 11, pp. 2645–2649, 2010.

[33] E. Hendricks and J. B. Luther, “Model and observer based control
of internal combustion engines,” in Proc. of the 1st Int. Workshop
on Modeling Emissions and Control in Automotive Engines (MECA),
Salerno, Italy, 2001, pp. 9–20.

[34] E. Hendricks, A. Chevalier, M. Jensen, and S.Sorenson, “Modelling of
the intake manifold filling dynamics,” in SAE Technical Paper, 1996.

[35] A. Isidori, Nonlinear Control Systems, ser. Communications and
Control Engineering. Springer, 1995, no. v. 1. [Online]. Available:
http://books.google.com.mx/books?id=fPGzHK\ pto4C

[36] E. Cruz-Zavala, J. Moreno, and L. Fridman, “Uniform robust exact
differentiator,” Automatic Control, IEEE Transactions on, vol. 56,
no. 11, pp. 2727–2733, 2011.

[37] A. Levant, “Higher-order sliding modes, differentiation and output-
feedback control,” International Journal of Control, vol. 76, no. 9/10,
pp. 924–941, 2003, special issue on Sliding-Mode Control.

[38] J. Moreno and M. Osorio, “Strict lyapunov functions for the super-
twisting algorithm,” Automatic Control, IEEE Transactions on, vol. 57,
no. 4, pp. 1035–1040, 2012.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (None)
  /CalCMYKProfile (None)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /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 true
  /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
  ]
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /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 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


