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Abstract 
This paper reports the development of a robotic system 
designed for automatic deburring applications. Since a good 
model of the environment is difficult to obtain, namely on 
industrial applications, a simple strategy was designed to 
obtain the relevant parameters leading to an acceptable 
performance. Consequently, the system implements an 
indirect force control strategy as a way to use actual robot 
controllers, explore the computing power of external personal 
computers, and the advanced features of modern force-torque 
sensors. The proposed strategy is presented in some detail and 
further discussed using a few test-case experiments. 
 

I. INTRODUCTION 
 
In many industrial robotic applications, force control [1-7] is 
an important issue in order to guarantee certain process 
requisites and the quality of the final product [10]. In this 
framework, the majority of the robot tasks require contact with 
the surrounding environment, i.e., in the process of fulfilling 
the task the robot tool interacts physically with the working 
objects and surfaces. That interaction generates contact forces 
that should be controlled in a way to finish the task correctly, 
not damaging the robot tools and working objects. Those 
contact forces depend on the stiffness of the tool and working 
objects/surfaces and should be properly controlled. The option 
for a particular control technique depends on identifying if [1, 
7]: 
1) The contact forces should be controlled to achieve task 
success, but is sufficient to keep them inside some safety 
domain: Passive Force Control. 
2) The contact forces should be controlled because they 
contribute directly to the success of the task: Active Force 
Control [1, 7]. 
 
In the first case, contact forces are an undesirable effect of the 
task and it is generally sufficient to keep them inside some 
safety domain. They are not necessary for the task, so usually 
the strategy is adding flexibility to the end-effector with the 
objective of damping all the possible impacts and increase the 
tolerance to positioning errors, complemented with detailed 
and careful planning of flying trajectories and object approach. 
There are many solutions in the market to add flexibility to the 
end-effector, and in fact this is currently the standard approach 
in industry. 

 
In the second case, the contact forces are necessary to finish 
the task correctly, i.e., controlling the contact forces making 
them assume some particular value or more generally to 
follow a predefined force profile is part of the task. 
 

II. OBJECTIVES 
 
The main objective of this paper is to report the development 
of an indirect force control strategy designed to operate with 
industrial robotic deburring applications. More specifically, 
the system reported here is developed to debur high-quality 
knives that incorporate innovative design from well-known 
authors (fashion designers). Therefore, these products are very 
difficult to manufacture and have quality requirements 
incompatible with human-based deburring, since humans 
introduce too many unacceptable deviations as a consequence 
of their incapacity to maintain concentration for long periods 
of time. 
 
Consequently, to test and further develop the proposed 
strategy (section III) a set of experiments, clearly related with 
the planned final application, were designed and executed. 
The selected experiments are very simple: 
 
1) The robot is commanded to follow a line path between two 
selected points. 
2) An obstacle is placed somewhere in the path. 
3) The robot should detect and contour the object applying a 
user selected contact force normal to the object surface. 
Contact should be always maintained under a contact force set 
by the user, until it reaches the original path again and keeps 
moving toward the original endpoint. The coordinates of the 
contact points should be kept in every experiment and they 
should correspond to the object contour. 
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Fig. 1 Sensing tool attached to the 
JR3 sensor. 



The experimental setup used to perform these experiments is 
composed of: 
 
1) One industrial robot ABB IRB2400/S4C+/M2000. 
2) One personal computer running Microsoft Windows Xp. 
3) One JR3 force/torque sensor with accelerometers equipped 
with a PCI receiver and processing board installed on the PC 
PCI bus. 
4) One especially designed sensing tool attached to the 
force/torque sensor and to the robot wrist. 
5) A local area network (LAN), Ethernet and TCP/IP based, 
used for robot-PC communication. The network is isolated 
from the laboratory traffic using a properly programmed high-
speed (100 Mbps) network switch. 
 

III. FORCE CONTROL STRATEGY 
 
A collision between the sensing tool and an object can be 
easily detected just by monitoring the actual force readings. 
The actual force components obtained from the sensor should 
correspond to the components of the object normal reaction 
force and are used to calculate the robot deviation trajectory 
( )d̂ . This is achieved by computing the cross product between 
the normal reaction force unitary vector ( )n̂  and the unitary 
vector ( )p̂  perpendicular to the trajectory plane.  
 
 
 
 
 
 pnd ˆˆˆ ×=      (1) 
 
 
 
 
 
In theory, the vector obtained by this process should be 
tangent to the object contour, but due to the surface rugosity, 
friction forces, and noise, the so called normal force obtained 
from the sensor might deviate from the contact surface normal 
and consequentially the escape vector might not be tangent to 
the object contour surface. To overcome this problem, a 
correction process was implemented. This process consists in 
adding to the calculated deviation vector a component with the 
direction of the projection of the actual force on the trajectory 
plane, which will be called from now on, correction 
vector ( )cv .  
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
The vectors considered to define the deviation trajectory are 
(Fig. 3): 
n
r

 - normal reaction from the object surface 
f
r

 - friction forces 
r
r

 - resultant force obtained from the sensor 
d
r

 - deviation vector calculated from the force reading and the 
tool direction ( )p̂  
c
r

 - correction vector, whose orientation is defined by 
projecting r

r
 on the trajectory plane, and the modulus is 

defined by the correction factor planercfc ˆ⋅=
r . 

 
The idea is to add a component towards the object when the 
force reading is lower than the desired contact force, or add a 
component that points away from the object when the force 
reading is higher. The problem then consists on finding the 
correct intensity of the correction vector, in order to obtain a 
corrected deviation vector that is consistent with the contact 
settings. In the following, the intensity of the correction vector 
will be referred to as correction factor (cf). 
 
The definition of the correction factor is based on three user 
selected parameters: 
 
• Desired contact force (Fcontact): this value specifies the 

desired contact force during the contour motion. The 
software designed for the presented application forces the 
user to select a value in the 5.0 - 20.0 N range. 

 
• Force on collision detection (Fcollision): this value 

specifies the force threshold used to identify collisions. 
This parameter is necessary in order to account for inertial 
forces detected by the sensor due to acceleration and 
deceleration of the robot, avoiding in this way false 
collision detections. The software designed for the 
presented application forces the user to select a value in 
the 0.25 - 1.0 N range. 

 
• Maximum correction factor (Mcf): this value specifies 

the maximum allowed correction factor. 
 
The three above defined parameters are then used to compute 
the correction factor using the following linear function,  
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Fig. 3 Representation of considered vectors do define 
the deviation trajectory.
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where the initial value for cfoffset is given by:  
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Fig. 3 represents graphically the cf function obtained just by 
using the following user defined parameters: 
 
Fcontact = 10 N, Fcollision = 0.3 N, Mcf = 0.15 
 
The obtained function can be adjusted by the user using the 
developed operation software. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
In the case presented in Fig. 4, a contact force above 10 N 
would result in a positive correction factor, leading to a 
correcting vector component pointing away from the object. 
Similarly, for a contact force less than 10 N the correction 
factor would be negative resulting on a correcting vector 
component pointing to the object in order to increase contact 
force. It is also important to adjust the initial value of cfoffset. 
This can be done automatically just by comparing the actual 
force (from the sensor) and the user defined contact force. In 
fact, if the absolute value of the difference between the actual 
force reading and the user defined contact force exceeds a 
certain user pre-defined value from the contact detection force 
for a certain number of cycles, then a sample of the force 
signal is collected and the mean value is calculated. 
Subsequently, a new offset is defined by Equation 4 so that the 
mean value obtained matches the user established contact 
force.  
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where '

offsetcf  is the previous value of offsetcf . 
 

The obtained correction factor is then used to compute the 
correction vector and to adjust the deviation vector ( d̂ ) 
guaranteeing that  
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⎛ ⋅+⋅− planercfdcf ˆˆ1 2 is a unitary vector defining the 

direction that must be followed by the robot. Multiplying that 
vector by a user defined path step (delta), the actual position 
accommodation ( cd

r
), that should be commanded to the robot 

is obtained, 
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IV. VALIDATION EXPERIMENTS 
 
To execute the planned force control experiments a software 
application was developed to interface both with the sensor 
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Fig. 5 Simplified flowchart of the force control used to define the robot 
motion.

Fig. 4 Example of a user defined function to compute the correction factor.
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and the robot controller (Figure 6). The software is based on 
two software components: an ActiveX control named 
PCROB.NET2003 [8,9] and a C++ library (JR3PCI.lib) 
[11,12]. The application was developed using the Microsoft 
Visual Studio .NET 2003 programming suite, namely the C++ 
compiler. As already mentioned, the user interface allows the 
selection of the following parameters: 
 
• Contact force1 
• Collision detection force1 
• Maximum correction factor1 
• Displacement step (delta): path increment to be executed 

by the robot in each movement, ranging from 0.1 mm to 
2.0 mm 

• Minimum speed: robot minimum speed 
• Maximum speed: robot maximum speed2 
• Linear, Quadratic, Cubic speed defining function: in 
the developed software the robot speed was made a function 
of the correction factor. The objective is to have greater speeds 
whenever small or no corrections are necessary and lower 
speeds when using large correction factors. Selecting between 
one of the three presented choices defines the type of function 
that represents speed between the minimum and maximum 
speed. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
There are several parameters that might influence the software 
behavior when the robot is following a certain path. In order to 
test the software and the adopted force control strategy, a few 
experiments were executed to further evaluate the influence of 
the chosen parameters. The first parameter tested was the 

                                                 
1 Parameter already mentioned in section III. 
2 When the maximum speed is made equal to the minimum speed, constant 
speed is achieved.  

robot speed, and the second was displacement step value 
(delta). The procedure was: 
 
1) The starting and end points were defined belonging to the 
same horizontal plane. 
2) A square table was placed on the robot path, oriented 
approximately at an angle of 45º from the initial trajectory. 
This object was selected due to its rigidity and weight and also 
to test the behavior of the system in the presence of sharp 
edges. 
3) A contact force of 10.0 N was defined; the collision 
detection force was set to 0.3 N and to the maximum 
correction factor was given a value of 0.15. 
4) The robot was ordered to move following a linear path 
between the two previous defined points, using a path step 
(delta) of 0.1 mm.  
5) Keeping the above mentioned parameters constant, three 
different constant speeds were tested: 0.1 mm/s, 1 mm/s and 2 
mm/s. 
6) For the speed exhibiting the best results, three different path 
step (delta) displacements were then tested: 0.3 mm, 0.5 mm 
and 0.8 mm. 
7) The data for the tool center point (TCP) position, contact 
point (CP) position, tool speed, measured force, and all the 
user defined parameters is saved into a file during each 
experiment. Contact points are calculated during execution 
using the TCP positions read from the robot controller and the 
dimensions of the sensing tool.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

V.  RESULTS AND DISCUSSION 
 
The obtained results are presented next using a graphical 
representation that shows: 
 
1) The xy plane according with the robot global coordinate 
system. 
2) The robot path using the TCP positions. 
3) The robot path using the computed CP positions. 
4) The obtained force profile during the experiment. 
 

Fig. 6 User interface 

Fig. 7 Schematic representation of the conducted experiments. 



Experiment 1: 
Fcontact = 10 N, delta = 0.1 mm, speed = 0.1 mm/s 
 
Fig. 8 represents the results for this experiment. Two force 
peaks are visible: when the tool collided with the table, and 
when the tool moved around the table corner. A good force 
tracking is observed, with actual force values maintained 
between 9 and 11 N. It is also interesting to observe that the 
calculated contact points form a precise representation of the 
object contour.  
The table corner caused a dispersion of points around that 
region with large variations of the force value (Fig. 9). This 
dispersion results from the uncertainty on the resultant force 
orientation associated with the tool motion. The growing 
friction near the corner of the table is significant, and the 
obtained force reading deviates from the expected normal 
force, which causes a significant error on the contact point 
position.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Experiment 2: 
Fcontact = 10 N, delta = 0.1 mm, speed = 1 mm/s 
 
In the second experiment (Fig. 10) speed was increased to 1 
mm/s. The resulting force profile and obtained object contour 
are quite satisfactory and not much different from the ones 
obtained in the previous experiment. 
 
Experiment 3: 
Fcontact = 10 N, delta = 0.1 mm, speed = 2 mm/s 
 
The results for this experiment (Fig. 11) are similar to the ones 
obtained for the speed of 1mm/s, with the exception of a 
bigger force peak obtained when contact occurred.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Path step (delta) experiments: 
In accordance with the previous results, a robot speed of 0.1 
mm/s was selected for the path step (delta) tests. Fig. 12, 13 
and 14 show the results obtained for steps equal to 0.3 mm, 
0.5 mm and 0.8 mm, respectively. The results show that the 
desired force is obtained, although the amplitude of the 
oscillations changes with the increase of the step, being 
considerable for a step of 0.8 mm. Nevertheless, the contact 
force is maintained and in the first two cases the actual force 
values are kept between 9 and 11 N. 
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Fig. 9 Close up on contact points dispersion. 
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Fig. 8 Contour following using a 10 N desired contact force, 0.1 mm path step 
and 0.1 mm/s constant robot speed 
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Fig. 10 Contour following using a 10 N desired contact force, 0.1 mm path 
step and 1 mm/s constant robot speed 
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Fig. 11 Contour following using a 10 N desired contact force, 0.1 mm path 
step and 2 mm/s constant robot speed 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

VI. CONCLUSION 
 
This paper reports the development of an indirect force control 
strategy designed for industrial applications. With those 
approaches, the position of the robot is accommodated in 
accordance with the desired contact force and the observed 
actual force. Since a good model of the environment is 
difficult to obtain, namely on industrial applications, a simple 

strategy was designed to obtain the relevant parameters 
leading to an acceptable performance. 
Experiments show a usable setup for contour following which 
is very useful to obtain the work-piece profile. A good 
selection of the path step seems to be, as expected, one of the 
most important variables to achieve good results: the smaller 
the increment over the trajectory the more regular is the 
resulting force profile. Low speeds also seem to lead to better 
results. The objective of the presented setup is to find the 
better compromise for a particular industrial application, 
achieving acceptable operational cycle times. 
Sharp edges are geometric singularities difficult to overcome. 
According to the data collected so far, and with the 
observations made, possibly some mechanical improvements 
could be made to the sensing element in order to achieve 
better performance on sudden geometric variations. The 
diameter of the sensing element should be reduced and it 
should be mounted on a low friction bearing aligned with the 
trajectory plane’s defining vector. The objective of these 
modifications would be to reduce friction forces and 
uncertainty on the direction of the force obtained from the 
sensor. 
The strategy implemented to maintain contact with the object 
and keep contact force at a certain level seems to result over 
surfaces with a smooth and large radius continuity, although 
there are significant force variations on impact with objects 
(which is not important since impacts can be planned), 
especially at the higher speeds, and even more significant near 
object edges.  
The desired contact force is also a parameter that should be 
tested. In the presented experiments, a contact force of 10 N 
was selected and oscillations of 1 N were observed around this 
value. In an industrial environment, more exposed to noise and 
vibrations, a higher contact force may be required. On the 
other hand the increase of the contact force also increases the 
flexion of the sensing tool what brings more uncertainty to the 
calculated contact point. Large force oscillations imply more 
uncertainty of the obtained work-piece contour. Like in any 
industrial process selected parameters are the ones that show 
acceptable results at higher execution speeds. 
The obtained results are encouraging and the ability to 
perform contour recognition under a specified contact force 
can be very useful with the automatic deburring system being 
developed. In fact, this feature enables the system to acquire 
the exact contour of the working piece in the exact same 
conditions that will be used for the subsequent deburring task. 
This will contribute to minimize error and increase the process 
speed. 

REFERENCES 
[1] Siciliano B., Villani L., Robot Force Control, Kluwer Academic 

Publishers International Series in Engineering and Computer Science, 
Boston, MA, 1999 

[2] De Schutter, J., and Van Brussel H., "Compliant Robot Motion I. A 
Formalism for Specifying Compliant Motion Tasks", The International 
Journal of Robotics Research, August de 1988. 

[3] De Schutter, J. and Van Brussel, H., "Compliant Robot Motion II. A 
Control Approach Based on External Control Loops", The International 
Journal of Robotics Research, August, 1988. 

[4] Nilsson K., "Industrial Robot Programming", Ph.D. Thesis, Department 
of Automatic Control, Lund Institute of Technology, May of 1996. 

TCP path 

CP path 

Fig. 12 Contour following using a 10 N desired contact force, 0.3 mm path
step and 0.1 mm/s constant robot speed. 

TCP path 

CP path 

Fig. 13 Contour following using a 10 N desired contact force, 0.5 mm path
step and 0.1 mm/s constant robot speed 

CP path 

TCP 

Fig. 14 Contour following using a 10 N desired contact force, 0.8 mm path
step and 0.1 mm/s constant robot speed. 



[5] Siciliano B., "Parallel Force/Position Control of Robot Manipulators", 
Proceedings of the 7th International Symposium of Robotics Research, 
Springer-Verlag, London, UK, 1996:79-89. 

[6] Chiaverini, S., "Force/Position Regulation of Compliant Robot 
Manipulators", IEEE Transactions on Automatic Control, Março de 
1994. 

[7] Pires, JN "Force control in industrial robotics", PhD Thesis, Mechanical 
Engineering Department, University of Coimbra, June, 1999. 

[8] Pires, JN, Sá da Costa, JMG, "Object-Oriented and Distributed 
Approach for Programming Robotic Manufacturing Cells", IFAC 
Journal Robotics and Computer Integrated Manufacturing, Volume 16, 
Number 1, pp. 29-42, March 2000. 

[9] Pires, JN, “Semi-autonomous manufacturing systems: the role of the 
HMI software and of the manufacturing tracking software”, Elsevier and 
IFAC Journal Mechatronics, Vol.15, N.10, 2005. 

[10] Nasri, H, “Modeling and Requirements of the Automated Deburring 
Process”, PhD Thesis, Division of Robotics, Department of Mechanical 
Engineering, Lund University, Sweden, May, 1999. 

[11] JR3 Force/Torque Sensor Users Manual, JR3 Inc. Woodland, California, 
2001. 

[12] JR3 PCI Web Site, http://robotics.dem.uc.pt/norberto/jr3pci/, 2001. 
 
 
Acknowledgment 
 
This work has been partially funded by the European Commission’s 
Sixth Framework Programme under grant no. 011838 as part of the 
Integrated Project SMErobot. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /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 false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


