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Abstract: In this paper, a liquid level tracking controller which is composed of a feedforward controller and a feedback controller
is proposed for three-tank systems. Firstly, the flat property of three-tank systems is verified and a feedforward controller is
designed accordingly so as to track the ideal trajectories. Secondly, in order to eliminate the tracking errors introduced by model
uncertainties or unknown disturbances, a nonlinear model predictive controller is designed in which a terminal equality constraint
is added for ensuring asymptotic convergence. Finally, the control performance is confirmed by both simulation and experiment

results.
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1 Introduction

The liquid level is one of the important controlled object-
s in modern process control [1] and the control accuracy
plays an important role in improving product quality and en-
hancing economic benefits. Three-tank systems are typical
multi-input multi-output (MIMO) systems with the features
of strong coupling and nonlinearity, which make it of great
research value in the study of liquid level control [2, 3].

Many control methods have been proposed for the liquid
level tracking control problem. A neural network based PID
controller is proposed in [4], and its dynamic performance
is compared with a standard digital PID controller. It shows
that the standard digital PID controller has fast response and
a large overshoot. In contrast, neural network based PID
controller can achieve better performance with the price of a
relatively slow response. The control problem of three-tank
systems is described as the disturbance attenuation problem
of constrained linear systems [5]. The experiment results
show that the designed closed-loop system can guarantee the
attenuation performance of the system under the condition of
satisfying time-domain constraints. However, the control ac-
curacy of the proposed scheme can be guaranteed only when
the expected liquid level is fixed.

Model predictive control (MPC) is able to deal with con-
straints of MIMO systems [6, 7], and to attenuate distur-
bances since the optimization problem is solved online with
the new measurement. Compared to PID controller, MPC
can achieve faster response and no overshoot [8]. Nonlin-
ear model predictive control (NMPC) havs many advantages
to handle the control problem of three-tank systems [9, 10].
However, its application has been limited due to the heavily
computational burden and the difficulty of stability guaran-
tee. A novel model predictive control scheme based on bees
algorithm is proposed in [11] to reduce the calculational bur-
den. However, the computational burden is still too heavy to
implement. A RBF-ARX model-based MPC strategy is pro-
posed in [12] where the computational burden is reduced by
locally linearizing the model at each working point. Due to
the model error caused by the linearization, the control ac-
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curacy is reduced inevitably.

In order to enhance the tracking control accuracy and
avoid the model error caused by the linearization, a con-
troller with a feedback control based on the property of dif-
ferential flatness and a model predictive control of the error
system is proposed. Through the ideal flat outputs, the ideal
state trajectory and control input trajectory can be obtained
[13]. The control input trajectory served as a feedforward
can achieve fast tracking. A nonlinear model predictive con-
troller is used as the feedback control to eliminate tracking
errors. This two degrees of freedom control structure makes
full use of not only the flatness of the system itself, but al-
so the advantages of the NMPC. It is worth noting that with
the effect of the feedforward control, the model error caused
by linearization is avoided and the computational burden in
NMPC is reduced accordingly.

The rest of this paper is organized as follows: Section 2 in-
troduces the model of three-tank systems and sets up the con-
trol problem. The controller is designed in Section 3. Both
the simulation and experiment results are shown in Section
4. Some conclusions are drawn in Section 5.

2 Problem Setup

This section includes two parts: the first part introduces
the nonlinear model of a three-tank system and the second
part describes the control problem.

As shown in Fig. 1, the three-tank system mainly consists
of three tanks (Tank 1,Tank 2 and Tank 3) and two pumps
(Pump 1 and Pump 2). Pump 1 and Pump 2 absorb liquid
from the reservoir and supply the liquid respectively to Tank
1 and Tank 2. Tank 3 can only get liquid from Tank 1 and
Tank 2 through the connecting pipes between them. The lig-
uid in Tank 2 can inflow to the reservoir through the right-
most pipe. Other related parameters are referred in Table 1.

According to the Mass Balance Principle, the three-tank
system is described as follows :

Sf:h =Q1— Q13
Shy = Q2+ Q32 — Q20 (D
Shsz = Q13 — Q32.

In terms of Torricelli Rule, 013, @32 and Qo are de-
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Fig. 1: Diagram of the three-tank system

Table 1: Symbols of the three-tank system

Symbol Meaning
hi liquid level of Tank ¢ (i = 1,2, 3)
Q; flow rate from Pump j to Tank j (j = 1,2)
Q13 flow rate from Tank 1 to Tank 3
Q32 flow rate from Tank 3 to Tank 2

Q20 flow rate from Tank 2 to Reservoir
S cross sectional area of Tank 1,2,3
Shn cross sectional area of the connecting pipe

scribed by the following equations [3]:

Q13 = a.15,sgn (hy — hs) (2g |hy — hs|)*/?
Qs2 = a.3Susgn (hs — ho) (29 |hs — ha)?  (2)
Q20 = azZSn(2gh2)1/2

where a.; (i = 1,2, 3) represents the flow coefficients and g
represents the gravitational acceleration.

Assuming that hy (t) > hg (t) > hs (¢) for all ¢ > 0, the
three-tank system can be simplified:

Shi=Q1 — a.15,(2g (b1 — h3))"/?
Sha=Q2 + a.35,(29 (hs — h2))"* — 4225, (2gh2)"/
Shs = a:18,(29 (h —h3))'* —az35,(29 (hs — h2))'"”
(3)
Choose © = [h1, ha, hg]T as state of the three-tank system
and u = [Q1, QQ]T as control input. The state and control
input satisfy the following constraints:

0 § hlahQahB S Hmax (4)
0 S Ql, QQ S Qmaz (5)

where H,,, is the admissible liquid level of three tanks and
Qmaz 18 the maximum flow that the pumps can provide.

The control objective of the three-tank system is to track
the ideal trajectories of hy and hg by regulation of control
input u. At the same time, the state and control input con-
straints are taken into account.

3 Controller Design

In order to solve the control problem above, this section
introduces a controller shown in the dashed box of Fig. 2.

The controller includes a feedforward controller based on
the theory of flat systems and a feedback controller (model
predictive control). Denote h} and hj as the ideal trajecto-
ries of hy and hs. Assume that b} and h3 are finite order
continuous. Denote z/ as the ideal trajectories of x obtained
from the feedforward controller according to A} and 3, and
T, as the tracking errors coming from the model uncertain-
ties or unknown disturbances. Denote u/ as the feedforward
control which can make the system track the ideal trajecto-
ries 2/ fast and u, as the feedback control which aims at
eliminating the tracking errors z..

Controller

Three-tank | X
System

P
hl >h3 Feedforward xf X, Feedback

e
| Controller iu Controller

v

Fig. 2: Control block diagram of three-tank systems

3.1 Flat systems and feedforward control

Consider a system & = f (&, @) with & € R and & € R™.
If there exists z € R of the form z = F (5:,11,&, ...,ﬂ(l))
such that & = a(z, 2, ..., 2P), & = ©(2, %, ..., 2(9), then the
system is flat and z is called flat outputs [13] where function-
s f, F,« and ¢ are continuous and their finite-order deriva-
tives exist, and letters [, p, g are positive integers. Therefore,
the flat system is of the property that the state and input can
be determined by flat outputs and their finite-order deriva-
tives [13]. In general, the state variables of systems are cho-
sen to test whether the selected state variables satisfy the def-
inition of flat outputs so as to take advantage of the property
of flat systems and design the feedforward controller [14].

Three tank systems are flat systems and the flat outputs
are not unique [15]. Because of the ideal trajectories of h;
and h3 are known, hy and hg can be used as flat outputs,
ie., z = [hy, hg]T. In the following, the flat property of
the three-tank system will be tested and 7 and u/ will be
obtained.

According to the system (3), hy can be expressed as:

azSSn

. 2
z1-n 2 - -
h2:h3—1<a15 V2 (I —ha) = Shs ) )

Furthermore, ()1 and )5 can be expressed as:

{ Q1= 51:11 + az15n+/29 (h1 — h3)
Q2 = Shy — a,35, \/ 29 (h3 - h2) + azZSn\/ 2gh2~
(7

It is not difficult to find that i, and hg satisfy the def-
inition of flat outputs and the flat property of the three-
tank system is verified. So, the ideal flat outputs can be
used to design x/ and uf. At time instant ¢, denote the
ideal flat outputs as z* = [k} (), ks ()], and 2/ (1) =

3542



(o] (8), 2 (1), 2] ()] where
of (t) =hi (8
o] (t) =3 (1
xﬁwﬂ@t—%m;&f
< (aeaSuy/20 05 0 15 1) - i <t>)2

®)

. T
and the feedforward control input u/ (t) = [u{ (t),ul (t)} ,
where

uf (£) =SB} () + a218,/20 (B (£) — B3 (1))
() =8 ()~ sy 20 ()~ 2 () O

+ azgSn\/ngéc (t).

3.2 Nonlinear model predictive controller

Due to model uncertainties or other unknown distur-
bances, tracking errors can not be avoided. Define z. =
[xehxeg,xeg]T as state of the error system and u, =
[tet, ueg]T as control input, where

_ .
%1—1’1*}11

Leg = I’g — hg
Le3z = Ig — h3‘ (10)
Uer = Q1 — U{
Uez = Q2 — Ug
The error system can be described as follows:
Tel = 96{ - f:L1
fer = &) — ho (1
Fes = % — hs

where hl, hs and hs can be expressed according to Eq.(3)
and Eq.(10):

o = dertu]

1/2
1 =73 _%ITS"(29($61—$e3+33{—1‘§))

. f 1/2
h2 :uezg-uz + ﬂz:;}gSn (29 (xe?) — Teg + l‘g _ xg))

1/2
- LQSS" (29 (%2 + xé))

. 1/2
hs :7‘12135” (2g (xel — Te3 + ${ — x£)> — 7‘12355"
1/2
*(2g (%3 — Teo + arg — xg))
(12)

and x{ , :cg and xg can be expressed according to Eq.(8):

@] =i}

& =hj
. 180\/2g (T — hE) — Sh
P S g(hi = h3) = Shy (13)
2
g(azSSn)

* (azlsn\/Zghl_h?’ — Sh;) .

2\/If — Iy

Combining Eq.(12) and Eq.(13), the error system (11) is
written in the following form:

Te = fe (xmue) (14)

where the function f. is parameter-dependent on the ideal
flat outputs and their finite-order derivatives.

The function f. (x.,u.) =0 while . = [O,O,O]T,ue =
0,0)". That is to say, [0,0,0]" is the equilibrium of the
error system (14).

In order to make the tracking errors converge to zero in
the framework of model predictive control [16, 17], the fol-
lowing online optimization problem is solved at each time
instant ¢ :

Problem 1

min J (z. (t),Uy) (15)

St.

T (e (1.0 = [ (e (7)1 + Nl (7) [[3)dr.
In Problem 1, z, (t) is the error state at time ¢, U; :=
Ue (+, ¢ (1)) denotes the control input trajectory related to
Ze (t). e (7) is the predicted control input for all 7 €
[t,t+ T,] and @, (T) = ue (7,2 (t)). Both @ and R are
positive definite weighting matrices with appropriate dimen-
sions, T}, is the prediction horizon. Problem 1 is solved in
discrete time with a sampling of 6.

Denote U} as the optimal solution of the Problem 1, that
isU;S = u? (-, (t)), then the control input of the NMPC at
time instant ¢ can be denoted as . (),

ue (1) = ug (1, (1)) - (16)
So, the final control input at time instant ¢ is u (t), and
u(t)=ul () + ue (1). (17)

The proposed control law can be formally obtained by Al-
gorithm 1.

Algorithm 1 Tracking control algorithm for three-tank sys-
tems
1: while (¢ < 2500) do
2: Calculate 2/ (t) and u/ (t) via (8)-(9) at time instant ¢ ;
Measure system state x (t) at time instant ¢;
Calculate the state z. (¢) via (10);
Solve Problem 1 to get u. (t) via (16);
Take the value u (t) calculated via (17) as the current con-
trol input of the system until the next sampling time ¢ 4 §;
7: Attimet + 6, sett =t + 6;
8: end while

AN

4 Simulation and Experiment

In this section, simulation and experiment are carried out
separately for the three-tank system over 2500 seconds. The



ideal trajectories are hj (¢) and h (¢), where

B () = { 50 sin (7t/1000) + 1.5,¢ € [0, 500]
1 4 sin (7t/1000) + 47.5,t € (500, 2500],
and
B (1) = { 35sin (wt/1000) + 0.6, ¢ € [0, 500]
3 4sin (7t/1000) + 31.6,¢ € (500, 2500].

The sampling time § = 1s. Other related parameters of the
system and controller are listed in Table 2. The simulation
results are shown in Fig. 3-5 and the experiment results are
shown in Fig. 6-8, respectively.

Suppose that there is no measurement noise or model mis-
match in the simulation. Both states and control inputs con-
straints are satisfied which are shown in Fig. 3 and Fig. 5.
The evolution of tracking errors are shown in Fig. 4. At the
initial time instant, both tracking errors and control input-
s are large due to the large initial differences between the
real states and the ideal states. After about 500 seconds, the
tracking errors are kept within 0.3 ecm. Accordingly, the con-
trol inputs vary smoothly. So, the proposed scheme can track
the ideal trajectories with high accuracy.

Table 2: Parameters and Values

Parameter Value
R [1,0;0,1]
Q [100,0,0;0,200,0;0,0,1000]
Ty 1s

Qmaz 145ml/s
Hoaz 60cm
S 154cm?
Sn 05 cm2
g 981ml/s>
az1 03465
az2 0.7301
a3 0.5130

Compared with simulation results, an experiment with the
same parameters as simulation achieves the similar results,
c.f. Fig. 6-8. But, the tracking errors are larger than the re-
sults in simulation due to the existence of model errors and
large measurement noises. In addition, the frequent fluctu-
ation of measurement noises directly lead to the fluctuation
of the pumps which is shown in Fig. 8. The maximum mea-
surement noise is about 2 ¢m which can be seen from Fig. 6,
and the tracking errors are kept within 2 cm shown in Fig. 7.
Although the measurement noises are large to some extent,
the proposed scheme can still track the ideal trajectories in a
satisfied way.

5 Conclusion

A practical liquid level tracking control method was pro-
posed in this paper. Feedforward controller was obtained
by the flat outputs utilizing the flatness property of three
tank systems. Model predictive control, a feedback control
method, keeps the system dynamics in the small area around
the trajectory. Compared with the schemes which linearized
the system around the trajectory, the proposed scheme can
achieve high accuracy, and deal with state and input con-
straints directly.

Future research will focus on reducing the effects of mea-
surement noises or model mismatches which lead to large
errors in the experiment.
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o= N
S i ioivin o~
T

00

e o o o
o = L W =

I
500

o

00

e 2 =
> o i

i i
1000 1500
Time (s)

o W

Error of Tank 3 (cm) Error of Tank 2 (¢cm)  Error of Tank 1 (cm)

I
2000

o

500 2500

Fig. 4: The evolution of tracking errors in simulation

References

[1] D. Chirita, A. Florescu, B. C. Florea, et al, Liquid Level Con-
trol for Industrial Three Tanks System Based on Sliding Mode
Control, Revue Roumaine Des Sciences Techniques-Serie Elec-
trotechnique Et Energetique, 2015, 60(4): 437-446.

Z. Shi, Three Tank Water Level Control Based on Predictive
Control Algorithm, Shenyang Ligong University, 2013.

Y. Wang, Liquid Level Control of a Three-tank System, Jilin
University, 2017.

J. Lu, The Research on PID Control of Three-Tank Water Sys-
tem Based on BPNN, Hefei University of Technology, 2009.

S. Yu, H. Chen, P. Zhang, R. Sun, and M. Shi, Moving Hori-
zon H, Control of a Three-Tank System and Its Experimen-
t Study, Journal of Northeastern University(Natural Science),
2007, 28: 82-91.

H. Chen, S. Yu, X. Lu, et al, Applying model predictive control
in automotive, Intelligent Control and Automation, 2012:6-7.
R. Yu, H. Guo, Z. Sun, et al, MPC-Based Regional Path Track-
ing Controller Design for Autonomous Ground Vehicles, [EEE

(2]
(3]
(4]

(3]

(6]

(7]



=
S

5}
S

=)
S
T

o %
S S
T T

S
S

Liquid of Pump 1 (ml/s)

1000 1500 2000 00

B
S

Liquid of Pump 2 (ml/s)

I
1500

2

I I
1000 2000

Time (s)

500 2500

Fig. 5: The evolution of inputs in simulation

60

50F

40

3or - - - -the level of Tank 1

Tg: the ideal level of Tank 1

o

I I I I
500 1000 1500 2000 2500

I3

v
=

[}
S

- - - -the level of Tank 2
the ideal level of Tank 2

S

o

I I I I
500 1000 1500 2000

o

00

ES

w
S

)
S

- - - -the level of Tank 3
the ideal level of Tank 3

S

I I I
1000 1500 2000

Time (s)

I
500

o

2500

Level of Tank 3 (cm) Level of Tank 2 (cm)  Level of Tank 1 (cm)

Fig. 6: The evolution of states in experiment

International Conference on Systems, Man, and Cybernetics.

IEEE, 2016:2510-2515.

F. Salem, M. I. Mosaad, A comparison between MPC and op-

timal PID controllers: Case studies, Michael Faraday let Inter-

national Summit. IET, 2016, 11: 59-65.

N. Parikh, S. Rathore, R. Misra, et al, A comparison between

NMPC and LQG for the level control of three tank interacting

system, 2017 Indian Control Conference (ICC), 2017: 200-

205.

[10] A.Bamimore, O. Taiwo, R. King, Comparison of two nonlin-
ear model predictive control methods and implementation on
a laboratory three tank system, 50th IEEE Conference on De-
cision and Control and European Control Conference (CDC-
ECC), 2011: 5242-5247.

[11] M. Sarailoo, Z. Rahmani, B. Rezaie, A novel model predictive
control scheme based on bees algorithm in a class of nonlinear
systems: Application to a three tank system, Neurocomputing,
2015, 152: 294-304.

[12] E Zhou, H. Peng, Y. Qin, et al, RBF-ARX model-based MPC

(8]

(9]

3545

00

1500

Error of Tank 3 (cm)  Error of Tank 2 (cm)  Error of Tank 1 (cm)

I
1000 2500

Time (s)

Fig. 7: The evolution of tracking errors in experiment

=
=

)
S

100

%
S

2
S

| Lt ’ w ! ‘ ||
MMMMWWl.ulmmmm,mmmumnuwnmnum.dnm.mnl

=
S S

2

Liquid of Pump 1 (ml/s)

=

0

o

140

120

100

Liquid of Pump 2 (ml/s)

I | I
500 1000 1500 2000 2500

Time (s)

Fig. 8: The evolution of inputs in experiment

strategies with application to a water tank system, Journal of
Process Control, 2015, 34: 97-116.

[13] M. Fliess, J. Lvine, P. Martin, Flatness and defect of nonlin-
ear systems: introductory theory and examples, International
Journal of control, 1995, 61(6):1327-1361.

[14] R. M. Murray, Trajectory generation for a towed cable system
using differential flatness, IFAC world congress, 1996: 395-
400.

[15] C. M. Torres, L. Lavigne, F. Cazaurang, et al. Fault tolerant
control of a three tank system: A flatness based approach, /EEE
Control and Fault-Tolerant Systems, 2014:529-534.

[16] Y. Liu, S. Yu, Y. Guo, et al, Receding horizon control for path
following problems of wheeled mobile robots, Control Theory
and Applications, 2017, 34(4):424-432.

[17] S. Yu, X. Li, H. Chen, F. Allgéwer, Nonlinear model predic-
tive control for path following problems, International Journal
of Robust and Nonlinear Control, 2015, 25(8): 1168-1182.



	Main Menu
	Previous View
	-------------------------------
	Search
	Print


<<
  /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 1.7
  /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 true
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


