
  

1 INTRODUCTION 
The purpose of this research is to design a flight controller 
of a dragonfly-like flapping wing micro aerial vehicle. 
Compared with fixed wing micro aerial vehicle (MAV) and 
rotary wing MAV, flapping wing MAV has high energy 
efficiency during flight, flexibility in maneuverability and 
agility at low speed. Recently, researchers have placed a 
great emphasis on the development of flapping wing MAV 
[1-3]. However the flight of flapping wing MAV is more 
complex than flight with fixed or rotary wing, because the 
beating motion of flapping wings is the only means that can 
counter the gravity force and propel themselves against 
aerodynamic drag. Furthermore, the dragonfly-like 
FWMAV does not have the conventional control surfaces 
in tail. This yields a control difficulty due to the loss of the 
maneuverability in tail.  
In [3] the complete dragonfly-like FWMAV model, which 
is highly nonlinear, was proposed in a companion form. A 
flight controller specific for dragonfly-like FWMAV was 
also developed, which is designed to iteratively solve for a 
desired control signal profile by means of a dual-loop 
nonlinear dynamic inversion with Newton-Raphson 
solution. However this flight controller cannot be applied to 
control the dragonfly-like FWMAV in practice due to its 
time-consuming iterative computation process.  
The concept of iterative learning was first introduced in 
control to deal with a repeated control task without 
requiring the perfect knowledge such as the plant model or 
parameters [4]. Compared with most other learning 
methods, the convergence property of the iterative learning 
approach does not require the availability of the 
information on the gradient, which is usually required by 
many learning mechanisms as the greatest descending 
                                                           

 

direction is used in the learning updates. Iterative learning 
control (ILC) is an effective control approach successfully 
applied to many fields [5-11].  
In this work, a linear-quadratic regulator approach is 
applied to design the flight controller of a dragonfly-like 
FWMAV. The control performance of FWMAV is 
sensitive to the input weighting matrix of linear-quadratic 
regulator problem and there are some unknown constraints 
and relations between the state and the control input. Thus, 
an iterative learning tuning is developed to improve the 
flight controller by optimizing the input weighting matrix 
of the LQR. The iterative learning is able to achieve the 
learning convergence even if the plant model is unknown or 
partially unknown [12].  
The rest of the paper is organized as follows. In Section 2, 
the dynamic model of a dragonfly-like FWMAV is briefly 
introduced. In Section 3, the proposed design method of the 
dragonfly-like FWMAV flight controller is developed in 
detail. Numerical examples are carried out to validate the 
effectiveness of the controller in Section 4. The paper ends 
with conclusion, given in Section 5.  

2 DYNAMIC MODEL OF FWMAV 
In this section, the model of the dragonfly-like FWMAV is 
given to study its control problem. According to [3] the 
state-space equation of the dragonfly-like FWMAV is 

 ,                          (1) 
where  is 
the state vector. The control vector is 

. , ,  are the 
position states of the dragonfly-like FWMAV in the 
ground coordinate system. , ,  are the velocity 
states of body coordinate system on x-axis, y-axis and 
z-axis respectively. , ,  are the heading, pitch and 
roll angles of FWMAV respectively. , ,  are the 
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angular velocity states of body coordinate system on 
x-axis, y-axis and z-axis respectively.  is the angular 
velocity of the fore-wing.  is the angular velocity of 
the hind-wing.  is the flapping direction of the 
fore-wing.  is the flapping direction of the 
hind-wing.  is the yaw angle of the tail.  is the 
pitch angle of the tail.  is the yaw angle of the head. 

, ,  are the moments of body coordinate system 
on x-axis, y-axis and z-axis respectively. 

 are the relative moments of inertia of 

FWMAV.  is the lift force of the fore-wing,  is the 
drag force of the fore-wing and  is the side force of the 
fore-wing.  is the lift force of the hind-wing,  is the 
drag force of the hind-wing and  is the side force of the 
hind-wing.  is the angle of attack at the local 
fore-wing.  is the sideslip angle of the local 
fore-wing.  is the angle of attack at the local 
hind-wing.  is the sideslip angle of the local 
hind-wing.  

 , 

, 
 

The aerodynamic forces, such as , , , ,  and 
, are the function of the states and the control inputs. 

The moments, such as ,  and , are also the 
function of the states and the control inputs. The detailed 
derivation of equations for the aerodynamic forces, 
moments, angles of attack, and sideslip angles, are given 
in [3]. It is noted that this FWMAV is a system of first 
order nonlinear differential equations, and is non-affine 
in input vector .  

3 FLIGHT CONTROLLER DESIGN  
In this section the flight control design of the dragonfly-like 
FWMAV is developed by incorporating LQR and ILT. As 

mentioned above, LQR is applied to design the flight 
controller of the dragonfly-like FWMAV. ILT is to 
improve the flight controller by optimizing the input 
weighting matrix of LQR. First, the linear model of the 
dragonfly-like FWMAV is presented. Second, the objective 
function of ILT is studied. At last, the iterative learning 
model and flowchart are provided.  
In order to derive the linear model of dragonfly-like 
FWMAV, the equilibrium state  is chosen first. The 
equilibrium input, namely , is the stable solution of 
formula (1) at the state . We will obtain the linear model 
of the dragonfly-like FWMAV at the equilibrium state and 
the equilibrium input as follow 
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 , 

,  . 
For simplicity, the above equation is rewritten as below 

 ,                       (2) 

,   . 

According to linear-quadratic regulator method of LTI 
system, the objective function and the input  are 
respectively 

,  
 ,  

where  is a symmetric positive definite  matrix. 
The input weighting matrix  is a symmetric positive 
definite  matrix.  is the solution of the Riccati 
equation. The control input of the dragonfly-like FWMAV 
is obtained as follow 

 .     (3) 
As mentioned above, the control performance of our 
dragonfly-like FWMAV is sensitive to the input weighting 
matrix  of LQR. In order to improve the flight controller 
by optimizing the input weighting matrix of LQR, the 
objective function of ILT is chosen below 

,      (4) 
 ,  ,  

, ,  

where the error  is the difference between the 
reference,  and the state, . The reference is slightly 
close to the equilibrium state.  is the initial time.  is the 
final time.  is a selected maximum cap of the 
considered state . The introduction of the deadzone 
function  provides additional penalty to the state   

when it is far away from the equilibrium. According to (4), 
the faster the convergence rate, the smaller the value of 
objective function for ILT.  
To minimize the objective function (4), the following 
iterative learning law (5)-(7) is adopted according to [12], 
which searches the gradient direction with trials, hence is 
suitable for ILT problem in this work because the mapping 
between the ILT objective function  and the input 
weighting matrix is unavailable. ILT law is  

 ,                       (5) 
 ,                        (6) 

,   ,                       (7) 
where , ,   are the value of the input weighting 
matrices at the (i+1)-th iteration, the i-th iteration, the 
(i-1)-th iteration respectively.  is the inverse of the 
estimated amplitude of the gradient.  is the learning gain. 
The gradient coefficient  is in the interval of .  

The detail flowchart is shown in Fig. 1.  

4 NUMERICAL SIMULATION EXAMPLE  
In order to verify the proposed flight controller design, 
numerical simulation study is performed in this section. 
The dynamic model parameters are the same as the 
dynamic parameters in [3]. The initial time and the final 
time are given as ,  respectively. The 
maximum of the considered state is 

. According to (2), the linear model of 
the dragonfly-like FWMAV at the state 

 and the input 

 is given as  

 ,  

 

 . 
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Fig. 1  The flowchart of the proposed flight controller design method for the dragonfly-like FWMAV,  is the constant. 

 
 
The weighting matrix  in the objective function of LQR is 
given as 

. The initial input weighting matrix  in the 
objective function of LQR is given as 

. The initial 
direction of the gradient is given as . The initial 
gradient coefficient is , . The maximum 
number of iterations is 70. 

Finish searching the gradient 

Initialization 

Motion simulation of dragonfly-like FWMAV by (1). 

Calculate the initial objective value by (4). 

Calculate the direction of gradient by (6). 

Search descending direction of the gradient and calculate 
the current learning gain by (7). 

Calculate the control gain by (3). 

Motion simulation of dragonfly-like FWMAV by (1). 

Calculate the current objective value by (4). 

Record the best descending direction of the gradient and 
the best objective value. 

Found the best gradient direction  

Finish iterative learning 

Finish and output 

= a  
a (0,1) 

Y 

N 

Y 

N 

N 

N 
[JIL(Rn)-JIL(Rn-1)][JIL(Rn-1)-JIL(Rn-2)]>0

Y 

Y 

= 2  
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The initial state is  = [0 m, 0 m, -5 m, 0.01 m/s, 0.00 
m/s, -0.01 m/s, 0.0 rad, 0.01 rad, 0.0 rad, 0.0 rad/s,  0.0 rad/s,  
0.0 rad/s ]’. The initial control input is  = [11.2951 
rad/s, 1.6049 rad, 13.7869 rad/s, 1.6120 rad, 0.0 rad, 0.0 rad, 
0.0 rad ]’ . The reference pitch angle is  = 0.8 rad, and 
the reference roll angle is  = 0.3 rad. The reference 
velocities are  = 2.5 m/s and  = 0.0 m/s. The 
simulation results are depicted in Fig.2(a) ~ Fig.2(d) 
without ILT optimization and Fig.3(a) ~ Fig.3(d) with ILT 
optimization. Fig.2(a) shows the actual velocity of 
FWMAV and reference velocity trajectory. Fig.2(b) shows 
the velocity error between the actual velocity and reference 
velocity. Fig.2(c) shows the actual angle of FWMAV and 
reference angular trajectory. Fig.2(d) shows the angular 
error between the actual attitude and reference attitude. Fig. 
3(a) shows the actual velocity of FWMAV and reference 
velocity trajectory. Fig.3(b) shows the velocity error 
between the actual velocity and reference velocity. Fig.3(c) 
shows the actual angle of FWMAV and reference angular 
trajectory. Fig.3(d) shows the angular error between the 
actual attitude and reference attitude. Fig.4 shows the 
objective value of the iterative learning tuning. Fig.5 shows 
the diagonal elements’ value of the input weighting matrix 
at each iteration of ILT.  
The final input weighting matrix  in the objective 
function of LQR is 

 at the 70-th iteration. The initial objective 
function of ILT is . The final 
objective function of ILT is  at 
the 70-th iteration. There are two reasons the objective 
function cannot converge to zero. One reason is the velocity 
and attitude angle fluctuate slightly around their desired 
values in the convergence stage. As shown in Fig.2(a), 
Fig.2(c), Fig.3(a) and Fig.3(c), the aerodynamic forces and 
moments of our dragonfly-like FWMAV fluctuate during 
the upstroke and the downstroke of a flapping cycle, as well 
as the changing aerodynamic direction and value of wings. 
The other reason is the existence of the transition process 
when the state converges to the desired value.  
It can be observed in Fig.3(a) and Fig.3(b) that the 
velocities ,  of the dragonfly-like FWMAV with the 
proposed flight controller converge to the reference 
velocities within 40 seconds. In comparison, the velocities 

,  of the dragonfly-like FWMAV without the proposed 
flight controller converge to the reference velocities within 
100 seconds as shown in Fig.2(a) and Fig.2(b). Next we 
observe in Fig. 3(c) and Fig.3(d) that pitch and roll angles 
of the dragonfly-like FWMAV with the proposed flight 
controller converge to the reference value within 50 
seconds. In comparison, as shown in Fig.2(c) and Fig.2(d), 
pitch and roll angles of the dragonfly-like FWMAV without 
the proposed flight controller converge to the reference 
value within 90 and 110 seconds, respectively. These 
results illustrate the improvement of the proposed flight 
controller via ILT in decreasing the convergence time of 
FWMAV velocities and attitude angles. 
It is also noted that the velocities in Fig.3(a) are smoother or 
less oscillatory than that in Fig.2(a) without ILT. Similarly, 
we can observe that the roll angle fluctuates with large 
amplitude in Fig.2(c) and Fig.2(d), but responses much 

smoother in Fig. 3(c) after ILT. Fig. 4 and Fig.5 show that 
the convergence of iterative learning tuning is achieved 
within 30 iterations. 

 
Fig. 2(a)  Velocity response curves of FWMAV without ILT optimization, 

 = 2.5 m/s ,  = 0.0 m/s 

 
Fig. 2(b)  Velocity error curves of FWMAV without ILT optimization 

 
Fig. 2(c)  Angular response curves of FWMAV without ILT optimization, 

 = 0.8 rad,  = 0.3 rad 

 
Fig. 2(d)  Angular error curves of FWMAV without ILT optimization 

 
Fig. 3(a)  Velocity response curves of FWMAV with ILT optimization, 

 = 2.5 m/s ,  = 0.0 m/s 
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Fig. 3(b)  Velocity error curves of FWMAV with ILT optimization 

 
Fig. 3(c)  Angular response curves of FWMAV with ILT optimization, 

 = 0.8 rad,  = 0.3 rad 

 
Fig. 3(d)  Angular error curves of FWMAV with ILT optimization 

 
Fig. 4  Objective function curves of the iterative learning tuning 

 
Fig. 5  Diagonal elements’ curves of the input weighting matrix. 

The left y-axis corresponds to the 1st and 3rd diagonal element of input 
weighting matrix. The right y-axis corresponds to the other diagonal 

elements of input weigthing matrix. 
 

5 CONCLUSION   
This paper focuses on the controller design of the 
dragonfly-like FWMAV. It mainly employs LQR to design 
the flight controller. An ILT is further developed to 
improve the flight controller by optimizing the input 
weighting matrix, based on the fact that the control 
performance is sensitive to the input weighting matrix. 
Numerical simulation results show that the effectiveness 
and convergence performance of the proposed flight 
controller for the dragonfly-like FWMAV.  

ACKNOWLEDGEMENT 
This research is supported by China Scholarship Council.  

REFERENCES 
[1]  W.L. Chan, Q.V. Nguyen, D. Marco, Pitch and yaw control 

of tailless flapping wing MAVs by implementing wing root 
angle deflection, IMAV, 34-41, 2014.  

[2]  J.Y. Sun, C.X. Pan, J. Tong, J. Zhang, Coupled model 
analysis of the structure and nano-mechanical properties of 
dragonfly wings, IET Nanobiotechnology, Vol.4, No.1, 
10-18, 2010.  

[3]  C.P. Du, J.X. Xu, Y. Zheng, Modeling and control of a 
dragonfly-like micro aerial vehicle, Advances in Robotics & 
Automation, 2015 (accepted) 

[4]  S. Arimoto, S. Kawamura, F. Miyazaki, Bettering operation 
of robots by learning, Journal of Robotic Systems, Vol.1, 
No.2, 123-140, 1984.  

[5]  Z.S. Hou, J.X. Xu, J.W. Yan, An iterative learning approach 
for density control of freeway traffic flow via ramp metering, 
Transportation Research, Part C – Emerging Technology, 
Vol.16, No.1, 71-97, 2008.  

[6]  M. Mezghani, G. Roux, M. Cabassud, M.V. Le, B. Dahhou, 
G. Casamatta, Application of iterative learning control to an 
exothermic semibatch chemical reactor, IEEE Transactions 
Control Systems Technology, Vol.10, No.6, 822-834, 2002.  

[7]  K.L. Moore, Y.Q. Chen, V. Bahl, Monotonically convergent 
iterative learning control for linear discrete-time systems, 
Automatica, Vol.41, No.9, 1529-1537, 2006. 

[8]  A. Tayebi, Adaptive iterative learning control for robot 
manipulators, Automatica, Vol.40, No.7, 1195-1203, 2004.  

[9]  J.X. Xu, T. Zhu, Dual-scale direct learning of trajectory 
tracking for a class of nonlinear uncertain systems, IEEE 
Transactions on Automatic Control, Vol.44, No.10, 
1884–1888, 1999.  

[10]  J.X. Xu, Y. Tan, A composite energy function based 
learning control approach for nonlinear systems with 
time-varying parametric uncertainties, IEEE Transactions 
Automatic Control, Vol.47, No.11, 1940–1945, 2002.  

[11]  J.X. Xu, J. Xu, T.H. Lee, Iterative learning control for 
systems with input deadzone, IEEE Transactions Automatic 
Control,Vol.50, No.9, 1455–1459, 2005.  

[12]  J.X. Xu, D.Q. Huang, Optimal tuning of PID parameters 
using iterative learning approach, In Proceedings of the 22nd 
IEEE International Symposium on Intelligent Control, 
226–231, 2007.  

[13]  E. Sariyildiz, H.Y. Yu, K. Ohnishi, A practical tuning 
method for the robust PID controller with velocity feed-back, 
Machines,No.3, 208-222, 2015.  

 

0 50 100 150 200 250
-4

-2

0

2

4

6

8

10
Velocity Error of FWMAV

time(s)

ve
l(m

/s
)

 

 

Vx

Vz

0 50 100 150 200 250
0

0.2

0.4

0.6

0.8

1

1.2

1.4
Angle of FWMAV

time(s)

an
g(

ra
d)

 

 

Pitch

Roll
Pitchref

Rollref

0 50 100 150 200 250
-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

0.6
Angle Error of FWMAV

time(s)

an
g(

ra
d)

 

 

Pitch

Roll

0 10 20 30 40 50 60 70
2

2.2

2.4

2.6

2.8

3

3.2

3.4

3.6
x 10

5

Iteration number

J(
R

)

The Objective Value of ILT

0 10 20 30 40 50 60 70
0

20

40

Iteration number

Le
ft

 Y
-a

xi
s

Diagonal elements value of input weighting matrix

 

 

0 10 20 30 40 50 60 70
0

5000

10000

R
ig

ht
 Y

-a
xi

s

 

 
1st element

3rd element

2nd element

4th element

5th element
6th element

7th element

4310 2016 28th Chinese Control and Decision Conference (CCDC)



<<
  /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


