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Abstract—Traditional industrial robot programming, using
the robot teach pendant, is a tedious and time-consuming task
that requires technical expertise. Hence, new and more intuitive
ways for people to interact with robots are required to make
robot programming easier. The goal is to develop methodologies
that help users to program a robot in an intuitive way, with a
high-level of abstraction from the robot language. In this paper
we present a CAD-based system to program a robot from a 3D
CAD environment, allowing users with basic CAD skills to
generate robot programs off-line, without stop robot production.
This system works as a human-robot interface (HRI) where,
through a relatively low cost and commercially available CAD
package, the user is able to generate robot programs. The
methods used to extract information from the CAD and
techniques to treat/convert it into robot commands are presented.
The effectiveness of the proposed method is proved through
various experiments. The results showed that the system is easy
to use and within minutes an untrained user can set up the
system and generate a robot program for a specific task. Finally,
the time spent in the robot programming task is compared with
the time taken to perform the same task but using the robot teach
pendant as interface.

Keywords—CAD, robot programming, HRI, intuitive
programming, industrial robot, off-line programming

L INTRODUCTION

Traditional manufacturing systems (often based on fixed
automation) are being replaced by flexible and adjustable
manufacturing systems. Due to its flexibility, programmability
and efficiency, industrial robots are seen as a key element of
modern flexible manufacturing systems. Nevertheless, there are
still some problems that hinder the utilization of robots in
industry, especially in the small and medium-sized enterprises
(SMEs) [1]. Programming an industrial robot by the typical
teaching method, through the use of the robot teach pendant, is
still a tedious and time-consuming task that requires some
technical expertise. In fact, manual teach methods are often
time consuming and imprecise. Nonetheless, one of the biggest
problems that SMEs are facing is the lack of skilled workers,
especially experts in robot programming and at the same time
in specific manufacturing processes, such as welding and
painting. Therefore, new and more intuitive ways for people to
interact with robots are required to make robot programming
easier. The goal is to develop methodologies that help users to
program a robot with a high-level of abstraction from the robot
specific language. Another important factor is the ability to
program a robot off-line, without stop robot production. Many
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different solutions have been proposed in literature to create
intuitive human-robot interfaces (HRIs); through the
development and implementation of user-friendly software
interfaces dedicated to a specific industrial process [2]; using
sensors attached to the human body to capture arm movements
and thus teach the robot by performing gestures [3]; using
vision-based interfaces [4]; and speech [5]. Since over the past
few years, computer-aided design (CAD) packages are
becoming more powerful and accessible, CAD-based solutions
related to the HRI problem have been common (see section II).
Notwithstanding the above, due to the specific characteristics
of an industrial environment (reliability requirements) it
remains difficult to apply such systems in industry as many
systems have not yet reached industrial usage. Thereby, the
teach pendant continues to be the common robot input device
that gives access to all functionalities provided by the robot
(jogging the manipulator, producing and editing programs,
etc.). In the last few years, the robot manufacturers have made
great efforts to make user-friendly teach pendants,
implementing ergonomic design concepts, more intuitive user
interfaces, color touch screens with graphical interfaces, a 3D
joystick, a 6D mouse and developing a wireless teach pendant.
Nevertheless, it is still difficult for an untrained worker to
operate with a robot teach pendant. The teach pendants are not
intuitive to use and require a lot of user experience, besides
being big and heavy [6].

In this paper is presented a CAD-based system to program
arobot from a 3D CAD environment, allowing users with basic
CAD skills to generate robot programs off-line. In addition, the
3D CAD package (Autodesk Inventor) that interfaces with the
user is a well known CAD package, widespread in the market
at a relative low-cost. This system works as a HRI where,
through the CAD interface, the user is able to generate robot
programs. The methods used to extract information from the
CAD (position and orientation of rigid bodies in space) and
techniques to treat/convert it into robot commands will be
presented. Experiments were conducted to evaluate the system
performance. The results showed that the proposed system is
easy to use and within minutes an untrained user can setup the
system and generate a robot program for a specific task. The
time spent in the robot programming task is compared with the
time taken to perform the same task but using the robot teach
pendant as interface. Experiments were performed with a six-
axis industrial robot in laboratory environment, giving to the
reader a good insight into the problem. Finally, results are
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discussed and some considerations about future work directions
are made.

II.  RELATED WORK

In recent years, CAD technology has become economically
attractive and easy to work with so that today millions of SMEs
worldwide are using it to design and model their products.
Already in the 80’s, CAD was seen as a technology that could
help in the development of robotics [7]. Since then, a variety of
research has been conducted in the field of CAD-based robot
planning and programming.

Many CAD-based systems have been proposed to assist
people in the robot programming process. A series of studies
have been conducted using CAD as an interface between robots
and humans, for example, extracting motion information from a
CAD data exchange format (DXF) file and converting it into
robot commands [8]. In this system, the user only needs to
define the welding path and the approach/escape paths in the
drawing. Another study presents a method to generate three-
dimensional robot working paths for a robotic adhesive spray
system for shoe outsoles and uppers [9]. A robotic sanding
platform where the robot paths are generated by CAD/CAM
software is presented in [10]. Reference [11] presents a model
based robot programming concept for applications where metal
profiles are processed by robots and only a 2D geometrical
representation of the workpiece is available. An example of a
novel process that benefits from the robots and CAD versatility
is the so-called incremental forming process of metal sheets.
The robot’s trajectories are calculated from the CAD model on
the basis of specific material models. Prototype panels or
customized car panels can be economically produced using this
method [12]. Reference [13] presents a robot path generator for
the polishing process, where the cutter location data is
generated from the postprocessor of a CAD system. As we
have seen above, a variety of research has been done in the area
of CAD-based robot planning and programming. However,
none of the studies so far deals with a “global” solution for this
problem. Even though an abundance of approaches has been
presented, a cost-effective standard solution has not been
established yet. The system presented here allows to extract
data not only from a single CAD model but essentially from a
CAD environment representing a robotic cell. We can say that
in this case, generate a robot program is simple as the
manipulation of virtual parts in a 3D CAD environment.

III. CAD-BASED INTERFACE

In this paper, the information extracted from CAD models
will be used to generate robot programs. Through the CAD
interface, any user with basic CAD skills will be able to define
the robot working paths and organise them in the desired
sequence (definition and parameterisation of robot
positions/orientations, reference frames, and trajectories). After
completing the design, a program converts it into robot
programs (off-line robot programming) (Fig. 1). The generated
programs can be immediately tested for detailed tuning and a
set of tools is then available to speed up corrections, if
necessary. Depending on the complexity of the robotic cell, this
process can be completed in just a few minutes, representing a
huge reduction in programming and robot setup time.

Figure 1. Off-line robot programming concept. Working in an office
environment, the user can generate robot programs without interrupt
production.

IV. PROPOSED APPROACH

There is a lack of natural interfaces between humans and
robots, something that allows us to show to the robot what it
should do. As we know that one of the major challenges facing
HRI involve the teaching of robots by operators, how we can
interface/interact with robots in an intuitive way is the question.
The HRI system should be intuitive, low-cost, with short
learning curve, and should also allow users to program a robot
in a short time.

Once CAD technology is widespread throughout the
industry, we are proposing a CAD-based system to program an
industrial robot, allowing users with basic CAD skills to
generate robot programs off-line. The CAD package,
Autodesk Inventor, will make the interface between the user
and the robot. The information needed to program the robot
will be extracted from the CAD models through an application
programming interface (API) provided by Autodesk.

A. Application Programming Interface

The Autodesk Inventor API exposes the Inventor’s
functionalities in an object-oriented manner, allowing
developers to interact with Autodesk Inventor using current
programming languages (Visual Basic, Visual C#, Visual
C++), for example, access to CAD data and create CAD
models. There are different ways to access the API (Fig. 2)
and it is important to choose the appropriate way to access it.
In our system, a standalone application was used to extract
information from the CAD and the Apprentice Server used to
display the CAD models.

B. Method

The process begins with the extraction of data from the
CAD, but first, it is necessary to specify what kind of data will
be extracted and how. Robot programming is essentially based
on the definition of robot paths, or rather, in the definition of a
sequence of tag points that the robot passes through. As we are
working with industrial robots, the tag points will define the
robot end-effector pose, so that the definition of these points
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Figure 2. Different ways of accessing Autodesk Inventor’s API. The white
boxes represent components provided by the API (Autodesk Inventor and
Apprentice Server) and the gray boxes represent programs written by
developers.

should include not only position but also orientation in space.
In our system the robot path is defined by a sequence of tool
models that represent the end-effector pose in each point of the
desired path. The API allows us to extract the transformation
matrix of each part represented in a CAD assembly model. The
transformation matrix of each part contains the rotation matrix
and the position of the origin of that part, both in relation to the
origin of the CAD assembly model. In addition, the API also
gives us information about the position of the Autodesk
Inventor WorkPoints, which are points that can be inserted in
the CAD drawing at any location. Finally, the extracted
information is converted into robot code.

C. Position of Objects in Space

In our proposed approach the tag points are defined by
placing a WorkPoint in the tool model, where the tool is
attached to the robot wrist (Fig. 3). The transformation matrix
of each part (including tool models) is defined in relation to
the origin of the CAD assembly model; however, the
WorkPoints are defined in relation to the origin of each tool
model in which they are attached. Therefore, considering our
goal (definition of all the tag points in relation to a common
reference), we need to define the WorkPoint coordinates in
relation to the origin of the CAD assembly model or in relation
to a reference frame defined by the user into the drawing.

s [P Extrusions

= <4 Work Pont2

G Extrusiond
- Work Point3

— @ eEnd of Part

Figure 3. A simplified model of the robot tool (at left) and the real tool (at
right). The tool can be modeled in a simplified manner but respecting its real
dimensions, or rather, the important dimensions for the robotic process.

Considering two Cartesian coordinate systems; the first
with origin and orientation coincident with the origin and
orientation of the CAD assembly model (system A); and the
second attached to the origin of a tool model (system B). Since
the transformation matrix of each tool model is known we
have the orientation and position of system B relative to
system A. It is thus possible to make an analogy with Figure 4,

where P is the WorkPoint, Bp represents the WorkPoint
position in relation to the origin of the tool model, APBOrg is
the positional vector from the origin of the system A to the

origin of the system B, and AP is the positional vector of
point P relative to the origin of the system A.

Ya

Figure 4. Reference systems A and B.

The aim is to obtain the vector P . Considering the rotation
matrix R, which describes the orientation of the system B
relative to the system A, we can write that:

AP=3REPP+P (1)
AP=3RPP+AP, =T P @)

A A A B
1P - BoR Pforg | F =*P=AT*P (3)

where the transformation matrix %T and the vector P are
known (provided by the API).

D. Orientation of Objects in Space

The transformation matrix of each tool in the CAD
assembly model will be used to define the robot end-effector
orientation in the form of quaternions (4), (5), (6), (7), where
g, is the real quaternion, and 4 , q,s q, are the imaginary
quaternions. Since all the components ¢, of the rotation matrix

are provided by the API, the quaternions can be calculated.

NI+, 1y, +ig, 4)

qw' = 2
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If the real quaternion 4  is nonzero, it becomes necessary to

calculate the warning signs of the imaginary quaternions, given
by (8), (9) and (10).

sign (qx): sign (q)( "Iw): sign (’32 - tzs) (®)
sign (¢, )=sign (g, -9, )= sign (t;; — 15,) (€))
sign (. ) =sign (¢, - q,,) = sign (t;, —1,,) (10)

E. Program Generation

The demand for intuitive ways to program machines has led
to the emergence of techniques to generate code, such as the
automatic generation of CNC code from CAD/CAM software.
So why does not generate robot programs from CAD
drawings? Using information from the CAD models, our
system is able to generate control sequences for the robot
program. In the construction of an algorithm to generate code,
the keyword is “generalise” and never “particularise”, in other
words, the algorithm must be prepared to cover a wide range of
variations in the process.

Several code generation techniques have been developed,
but these tend to have drawbacks such as their suitability of the
plans they produce for a particular application or how well they
are able to generalise the problems. However, for a particular
application with a limited and well known number of process
variations, this kind of systems tend to present good
performance. For this particular approach, the code generation
process is divided into two distinct phases: first, definition and
parameterization of robot positions/orientations, reference
frames, tools, etc.; second, construction of the body of the
program  containing predominantly robot movement
instructions (linear, joint, circular or spline robot movement
type). The definition of the robot trajectories is an important
part of the process, so from (3) we have the trajectory positions

(A P) referring to a specific reference frame and from (4), (5),

(6) and (7) we have the quaternions to define the orientation of
the robot end-effector.

V.  EXPERIMENTS AND RESULTS

The CAD-based robotic system presented in this paper was
designed to perform the task of object handling, or more
specifically, the handling of knives in a robotic deburring cell.
Briefly the system works as follows.

a) Create CAD model: The user should create a CAD
assembly model representing the real robotic cell. The CAD

model of a specific robotic cell only needs to be built once, so
that usually the user only needs to make changes in design,
according to the current work plan.

b) Place the robot tool models in the target positions.

c) Define robot parameters: Robot speed, robot tools,
reference frames, etc.

d) Generate the robot program.

e) The generated program can be tested and adjusted if
necessary.

A. System Architecture

The experimental cell is composed of an industrial robot
(IRB 2400 equipped with the S4C controller, ABB), and a
computer running the CAD package Autodesk Inventor and the
software application that manages the cell (Fig. 5). The
application receives data from the CAD, interprets the received
data and generates robot programs. This application interface
provides a set of capabilities to interact with the robot, allowing
command the robot, upload and download programs to/from
the robot, etc., using for this purpose the PcRob, an ActiveX
created in our laboratory to control and manage the robot
remotely (Fig. 6).
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Figure 5. Software application interface.
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Figure 6. Communications and system architecture.
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B. Practical Implementation

The CAD assembly model of the robotic cell (Fig. 7) does
not need to accurately represent the real cell in all its aspects;
on the contrary, it can be a simplified model. For example, the
dimensions of the feed table, the relative position of objects
(robot tools, feed table and deburring machine) and the robot
tool length should represent the real scenario, however, the
objects appearance need not be exactly equal to the real objects.
When building the CAD model, it is important that the user
keep in mind that the model will be used to generate a robot
program. An important issue is that one must number the tool
models according to the work flow because the algorithm to
generate code is prepared to acquire data (transformation
matrix and WorkPoints) from the first numbered tool to the last
one. Another important issue is related to the process of
calibration, specifically the placement of the reference frames.
In this experiment we are using only one robot reference frame,
and so a vertex of the feed table was selected to be the origin of
the reference frame. The orientation for the reference frame is
also defined into the CAD environment. This way, all positions
from CAD are related to this reference frame.

After specifying some robot parameters such as robot
speed, approach distances (the robot needs to reduce speed
before placing the workpiece in the target location), etc., the
system acquires data from CAD and convert it into a robot
program. Finally, the generated robot program can be tested. It
was generated a robot program to perform the task of object
handling, or more specifically, the handling of unfinished
knives in a robotic deburring cell. The robot starts by picking it
up (from the feed table), moves it to a pose near to the
deburring machine and finally puts it in contact with the
deburring machine (Fig. 8). After this phase the process is
controlled by a force control system [14]. In general, the
generated program works very well. Results will be presented
and discussed in the next section.

Figure 7. CAD assembly model of the robotic deburring cell. A robot
program will be generated from this model.

Figure 8. Robot running the generated program.

VI. RESULTS, DISCUSSION AND FUTURE WORK

The experiments showed that the generated program works
very well, without producing positional errors. The error that
may exist comes from inaccuracies in the calibration process
and from situations where the CAD model does not reproduce
properly the real scenario. This is a problem that also affects
the off-the-shelf off-line programming software’s.

It is important to quantify the time spent in the process.
Thus, the experiment above was conducted with two
participants (P1 and P2), both with basic skills in CAD and 3D
modelling, but had never worked with a robot before. After a
brief explanation on how the system works (10 minutes) the
participants began the test. This explanation was focused
essentially on how the application interface works and the
procedures to be followed at the time when the CAD model is
constructed. The process was divided in five different tasks and
the time spent in each one was reported in Table I. The
construction of the CAD model consumes a great deal of time,
on average about 64% of total time (robot and deburring
machine models are provided by manufacturers), and if it was
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considered that the acquisition of dimensions is part of the
construction of the CAD model, then this task would consume
over 85% of total time. Nevertheless, after the cell model is
built, it can be quickly reconfigured to generate code for a
different task in few minutes. Both participants generate the
robot program and put it running on the robot controller with
success, spending on average 33 minutes.

We thought it was interesting to compare the time taken to
program the robot using this CAD-based system and using the
robot teach pendant. The same participants (P1 and P2) were
invited to conduct the experiment. In the first experiment
(using the CAD interface) we spent 10 minutes explaining how
the system works, but for the current experiment (using the
teach pendant) we quickly concluded that this was not enough
time, so we spent 2 hours talking about general robotics (a
quick introduction) and 1 hour talking about robot
programming using the teach pendant. This explanation
focused mainly on practical aspects. Participant P1 spent about
58 minutes to complete the task (most of the time consulting
the robot manual) while the participant P2 gave up. It can be
concluded then that the first experiment took less time,
however, we believe that with practice this 58 minutes may be
reduced. The point to emphasize is that the time spent teaching
participants was much lower for the first experiment (10
minutes) than for the second (3 hours), showing the short
learning curve of the CAD-based system. Finally, when
questioned, participants indicated that the first experiment
(using CAD) is much more intuitive and therefore easy to use.

As future work, the way the system is calibrated should be
simplified and less susceptible to errors. This will be done
through a mechanism to on-line adjust the robot pose according
to the error reported.

TABLE L. TIME SPENT BY PARTICIPANTS IN EACH TASK
Time Spent (minutes)
P1 P2
Acquisition of real cell dimensions 7 7
CAD model construction 20 22
Definition of robot frame(s) 3 3
Robot and process parameterisation 1 |
Code generation 1 1
Total 32 34

VII. CONCLUSION

A new CAD-based system dedicated to off-line robot
programming was developed. This system works as a HRI,
allowing users with basic CAD skills to generate robot
programs off-line from a CAD environment, and in an intuitive
way. A common 3D CAD package (Autodesk Inventor) was
selected to make the interface between user and robot. The
effectiveness of the proposed system was proved through the
experiments. These experiments were conducted with two
participants that had never worked with a robot before.
Experiments showed that the CAD-based system is intuitive

and has a short learning curve, allowing non-experts in robot
programming to generate robot programs in just few minutes.
This low cost off-line robot programming technology can be an
important tool for SMEs who have robots but do not have
trained personnel to operate them.

ACKNOWLEDGMENT

This work was supported in part by the Portuguese
Foundation for Science and Technology (FCT), grant no.
SFRH/BD/39218/2007.

REFERENCES

[1] J. N. Pires, K. Nilsson, and H. G. Petersen, “Industrial robotics
applications and industry-academia cooperation in Europe,” IEEE
Robotics & Automation Magazine, vol. 12, no. 3, pp. 5-6, 2005.

[2] J. N. Pires, “Semi-autonomous manufacturing systems: the role of the
role human-machine interface software and of the manufacturing
tracking software,” Mechatronics: an International Journal, vol. 15, no.
10, pp. 1191-1205, 2005.

[3] P. Neto, J. N. Pires, and A. P. Moreira, “Accelerometer-based control of
an industrial robotic arm,” in 18" IEEE International Symposium on
Robot and Human Interactive Communication (RO-MAN 2009), pp.
1192-1197, Toyama, Japan, 2009.

[4] U. Hillenbrand, B. Brunner, C. Borst and G. Hirzinger, “The robutler: a
vision-controlled hand-arm system for manipulating botles and glasses,”
in Proceedings of the 35" International Symposium on robotics, Paris,
France, 2004.

[51 S. Yamamoto, J. M. Valin, K. Nakadai, J. Rouat, F. Michaud, T. Ogata,
and H. G. Okuno, “Enhanced robot speech recognition based on
microphone array source separation and missing feature theory,” in
Proceedings of the 2005 IEEE International Conference on Robotics and
Automation (ICRA 2005), pp. 1477-1482, Barcelona, Spain, 2005.

[6] B. Hein, M. Hensel, and H. Worn, “Intuitive and model-based on-line
programming of industrial robots: a modular on-line programming
environment,” in Proceedings of the 2008 IEEE International
Conference on Robotics and Automation (ICRA 2008), pp. 3952-3957,
Pasadena, USA, 2008.

[71 B. Bhanu, “CAD-based robot vision,” IEEE Computer, vol. 20, no. 8,
pp. 13-16, 1987.

[8] J. N. Pires, T. Godinho, and P. Ferreira, “CAD interface for automatic
robot welding programming,” Industrial Robot: an International Journal,
vol. 31, no. 1, pp. 71-76, 2004.

[91 J.Y.Kim, “CAD-based automated robot programming in adhesive spray
systems for shoe outsoles and uppers,” Journal of Robotic Systems, vol.
21, pp. 625-634, 2004.

F. Nagata, Y. Kusumoto, Y. Fujimoto, and K. Watanabe, “Robotic
sanding system for new designed furniture with free-formed surface,”
Robotics and Computer-Integrated Manufacturing, vol. 23, no. 4, pp.
371-379, 2007.

[11] T. Pulkkinen, T. Heikkild, M. Sallinen, S. Kivikunnas, and T. Salmi,
“2D CAD based robot programming for processing metal profiles in
short series manufacturing,” in International Conference on Control,
Automation and Systems (ICCAS 2008), pp. 156-162, Seoul, Korea,
2008.

[12] T. Schaefer, and R. D. Schraft, “Incremental sheet metal forming by
industrial robots,” Rapid Prototyping Journal, vol. 11, no. 5, pp. 278-
286, 2005.

[13] L. Feng-yun, and L. Tian-sheng, “Development of a robot system for
complex surfaces polishing based on CL data,” The International Journal
of Advanced Manufacturing Technology, vol. 26, pp. 1132-1137, 2005.

[14] J. N. Pires, G. Afonso, and N. Estrela, “CAD interface for automatic

robot welding programming,” Assembly Automation, vol. 27, no. 2, pp.
148-156, 2007.

[10

2010 IEEE Conference on Robotics, Automation and Mechatronics 521




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /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 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /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
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /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 150
  /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 1200
  /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

  /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 "Recommended"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


