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Abstract—This paper deals with the collision avoidance of the 
cooperative robots using the learning through imitation. Each 
physical robot acts fully independently, communicating with 
corresponding virtual prototype and imitating her behavior. 
Each physical robot reproduces the motion of her virtual 
prototype. The estimation of the collision-free actions of the 
virtual cooperative robots and the transfer of the virtual joint 
trajectories to the physical robots who imitate there virtual 
prototypes, are the original ideas. We tested the present strategy 
on several simulation scenarios; involving two virtual robots that 
each must cooperate with other and estimating collision-free 
actions. The effectiveness of the proposed strategy is discussed by 
theoretical considerations and illustrated by simulation of the 
motion of two cooperative manipulators. It is shown that the 
proposed collision-free strategy, while tracking the end-effector 
trajectory, is efficient and practical. 

Keywords— collision avoidance; virtual prototypes; cooperative 
tasks; learning through imitation 

I.  INTRODUCTION  
A key requirement for cooperative efficient operation is 

good coordination and reciprocal collision avoidance. 
Cooperative robots are permanently in danger to be in 
collision. Therefore installations with cooperative robots in real 
world, require collision avoidance methods, which take into 
account the mutual constraints of the robots [3]. Generating 
motions for real or virtual robots, which are coupled to a task, 
is usually a complicated problem.  

The contact of the robot with an obstacle must be detected 
and it will cause the robot to stop quickly and thereafter back 
off to reduce forces between the robot and environment [1]. 
The problem of the contact with obstacle imposes the null 
velocity in the moment of the impact and to obtain the zero-
velocity points on the pathway. The collision detection simply 
determines if two geometric objects are intersecting or not. The 
intersecting of two objects is possible in the virtual world, 
where the virtual objects can be even intersected and there no 
exist the risk to be destroyed.  

 

The contact detection between the virtual objects is 
responsible for determining the distance between two points in 
a space and substitutes the distance metrics devices [2].  

This strategy may use simple CAD methods or may be 
extended to be more complex and take into account invalid 
areas of the space. 

Using this strategy one detects collisions in all directions, 
protecting not only the physical end-effectors but also the work 
pieces and the physical robot itself. The intersecting or 
mutually penetrating of two objects is possible in the virtual 
world, where the intersecting of virtual objects is possible, and 
where there is no risk of destruction.  

The ability of predicting the behaviour of cooperative 
manipulators is important for several reasons: for example in 
design, designers want to know whether the manipulator will 
be able to perform a certain typical task in a given time frame; 
in creating feedback control schemes, where stability is a major 
problem, the control engineer cannot risk a valuable piece of 
equipment by exposing it to untested control strategies. 
Therefore, a facile strategy for collision avoidance, capable of 
predicting the behaviour of a robotic manipulator or of the 
system at whole becomes imperative.  

In the real world, like collision detection, where robots 
need to interact with their surrounding, it is important that the 
computer can simulate the interactions of the cooperative 
participants with the passive or active changing environment, 
using virtual prototyping. 

When the robots need to interact with their surrounding, it 
is important that the computer can simulate the interactions of 
the cooperative participants, with the passive or active 
changing environment in the graphics field, using virtual 
prototyping. In this paper, one propose a fast method that 
simultaneously determines actions for two virtual robots that 
each must cooperate with other. The actions for the cooperative 
tasks are computed for each virtual robot and are transferred, 
with a central coordination to corresponding physical robot 
which must imitate her virtual homonym. Thus, one proves that 
our method guarantees the collision-free motion for each of the 
cooperative robots.  978-1-4799-2442-4/13/$31.00 ©2013 IEEE. 



The planning package communicates primarily with 
simulation. A planning module can send messages to the 
simulation such as computed plans for the robots. The planning 
module can further send trajectory and planning structure 
information to visualization so users can see the results of an 
algorithm. The planning module also receives control signals 
from the simulation module, such as when to start planning 
joint trajectories.  

The visualization module is responsible for visualizing any 
aspect needed by the programmer. Users interact with the 
simulation environment through the visualization [4]. This 
includes, but not limited to, computer screen and cameras 
video. The visualization provides an interface to develop 
interactive implementations based on imitation strategy. 
Optimization of the real robots behavior is performed in the 
low dimensional virtual space using the virtual robot 
prototypes. This paper is focused on the collision avoidance 
through transfer the motion mapping from virtual space, in 3-D 
dimensional real space.  

II. OVERVIEW OF LEARNING BY IMITATION 
Imitation is an important learning mechanism in many 

intelligent systems including robots. It is easy to recuperate 
kinematic information from virtual robot motion, using for 
example motion capture. Imitating the motion with stable robot 
dynamics is a challenging research problem [8, 10]. 

In this framework a physical robot arm can be a collection 
of rigid bodies, subject to the influence of various forces in the 
workspace, and restricted by various motion constraints. 

One propose a control strategy for two physical cooperative 
robots that uses capture data from their virtual prototypes and 
imitate them to track the motion in the real space avoiding the 
collision. One present an model, for which robust controller 
can be easily designed. A typical example is a linear quadratic 
regulator (LQR) [5, 7], which one use for our examples.  

Joint trajectory tracking is enabled by commanding desired 
joint accelerations based on joint angle and velocity errors as 
well as supply forward joint accelerations. One applies the 
controller to tracking motion capture clips of two cooperative 
robots who accomplish a collaborative task. The resulting robot 
motion clearly preserves the original behavior of each virtual 
robot.  

In addition, the controller does not require intensive pre-
processing of motion capture data, which makes it potentially 
applicable to real time applications. 

A characteristic feature of robot programming is that 
usually it is dealing with two different worlds; the real physical 
world to be manipulated, and the abstract models representing 
this world in a functional or descriptive manner by programs 
and data. The basic idea behind these approaches is to relieve 
the programmer from knowing all specific robot details and 
free him from coding every small motion /action.  

Rather, he is specifying his application on a high 
abstraction level, telling the robot in an intuitive way what has 
to be done and not how this has to be done. 

In this paper, one propose an approach to achieving 
pathway acquisition in robots programming, using imitation 
strategy. The framework for our method is shown in Fig. 1. 
First, a motion capture system transforms Cartesian position of 
virtual robot structure to virtual joint angles based on kinematic 
model.  

Then, the joint angles are converted in binary words and 
transferred to real robot joint controllers via intelligent 
interface. After this one use the control loops structure to 
establish relationships between the virtual and real robot 
control systems. One employs dimensionality reduction to 
represent posture information in a virtual low-dimensional 
space [6,]. One presents result demonstrating that the proposed 
approach allows a real robot to learn move, based exclusively 
on virtual robot motion capture without the need for a detailed 
physical model of the robot. 

In this paper one use the virtual robot prototypes and the 
motion capture systems to obtain the reference motion data, 
which typically consist of a set of trajectories in the Cartesian 
space. 

 
a) 
 

 
b) 

Fig. 1. A framework for robot learning by imitation.                                       
Virtual cooperative robots (a) - Real cooperative robots (b) 

The paper is focused on tracking joint angle trajectories, 
although some cooperative tasks may require tracking other 
quantities such as end-effectors trajectories which will be 
addressed in future work. 

III. PROCESSING OF THE MOTION CAPTURED DATA 
The robots’ motion should be animated with the highest 

degree of realism possible using motion capture data or 
accurate full-body simulation, while the multitudes secondary 



details to the auxiliary elements (scene, cameras, etc.) can be 
simulated at much lower fidelity. 

One transfers, via intelligent interface, the joint angle data 
from a motion capture system to a kinematic model for an 
anthropomorphic robot. To generate the desired motion 
sequence for the real robot, one captures the motions from a 
virtual robot model and maps these to the joint settings of the 
physical robot. 

Initially, a set of virtual postures is created to the virtual 
robot and the pictures’ positions are recorded for each posture, 
during motion. These recorded pictures’ positions provide a set 
of Cartesian points in the 3D capture volume for each posture.  

To obtain the final real robot posture, the virtual pictures’ 
positions are assigned as positional constraints on the physical 
robot. To derive the joint angles one use standard inverse 
kinematics (IK) routines. The IK routine then directly generates 
the desired joint angles on the robot for each posture. 

The data is obtained using a motion capture channel taking 
into account the joint motion range [2]. Due to the joint limits 
and the difference between the kinematics of the virtual and 
real robot, the joint angle data are pre-processed. In the pre-
processing stage, one assumes that both virtual and physical 
robots are on the scene at the same time and estimate the 
correct arms position and orientation. 

One then compute the inverse kinematics for new posture 
to obtain the cleaned joint angles and retain the difference from 
reference joint angles. At each frame during control, one adds 
the difference to the reference data to obtain the cleaned 
reference joint angles. This correction is extremely simple and 
the controller does not require supplementary cleanup. 

IV. CONTROLLER COMPOSITION 
Fig. 2 shows the overview of the controller. The two main 

components are a situation controller and a tracking controller.  

 
Fig. 2. Overview of  the controllers 

The situation controller is responsible for keeping the 
whole physical structure in equilibrium, usually using a 
controller designed for a simplified dynamics model, such as 

Linear Quadratic Regulator (LQR). The output of the situation 
controller is the desired input to the track controller. 

The tracking controller is responsible for making every 
joint track the desired trajectory. It solves an optimization 
problem that respects both joint tracking and desired inputs to 
the simplified model and obtains the joint torques to be 
commanded to the real robot. 

V. SIMPLIFIED VIRTUAL MODEL 
The basic essence of this framework is to describe each 

rigid object in the planning scene as a dynamical system, which 
is characterized by its state variables (i.e. position, orientation, 
linear and angular velocity). 

One supposes that the simplified virtual model is linear and 
represented by the following state-space differential equation: 

uBAxx += , (1) 

 

xC=y , (2) 

where x is the state vector, u is the input, and y is the output of 
the simplified virtual model. Also one assumes that is used a 
state feedback controller for equilibrium: 

)( xxK −= refu , (3) 

where K is a constant gain matrix and xref is a reference state, 
typically computed from the reference motion. 

An observer compares the estimated and actual outputs to 
update the state estimate x̂  as: 

)ˆ(ˆˆ yyu −++= FBxAx , (4) 

where F is the observer gain and xC ˆˆ =y  is the estimated 
output. Because do not have access to real state, one replaces 
the state x with its estimate x̂  in Eq. (3): 

)ˆ( xxK −= refu . (5) 

Using Eqs. (1), (2), (4) and (5), one obtains the following 
system of the estimated state and new input: 

bubb BxAx += ˆˆ  

TTyT
refbu )(x=  

(6) 

where: 

FCBKAA −−=b
 

FBB −=b
. 



Equation (6) describes how to estimate the current state of 
the simplified virtual model based on a reference state and 
measured output.  

The estimated state and input to the simplified virtual 
model computed by Eq. (5) will be used as the input to the 
tracking controller. As well an inverse mapping from the real 
joint space, back to the original virtual joint space is then used 
to generate optimized motion.  

VI. JOINT CONTROLLERS  
The articulated robot configuration is uniquely defined by 

the generalized coordinate q. One also denotes the generalized 
force by τj. 

One supposes that virtual robots usually move with some of 
their links in contact with the virtual objects, in potentially state 
of collision in the virtual space. More of that, one can intersect 
any virtual structure without risk to be destroyed.  

Let Nc denote the number of links which will be in contact. 
One represents the linear and angular velocities of the i-th 
contact link by a 6-dimensional vector

ciX . The relationship 

between the generalized velocity q and ciX  is written as: 

qJX cici =  (7) 

where Jci is the Jacobian matrix of the i-th contact link’s 
position and orientation with respect to the generalized 
coordinates.  

Differentiating Eq. (7), one obtains the relationship of the 
accelerations: 

qJqJX cicici +=  (8) 

One defines the compound contact Jacobian matrix Jc, by: 
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(9) 

Because the source joint is not actuated, one may only 
control the joint generalized force vector of the physical robot. 
In addition, each of the Nc links in contact receives contact force 
fci and moment, around the link local frame nci (i = 1, 2, …, Nc).  

One also defines the compound contact force / moment 
vector by: 

T
cNcnT

cNc
T
cnT

cc fff ⋅⋅⋅=
11

 (10) 

The equation of motion of the robot is written as: 

c
T
cj

T fJτNGqM +=+  (11) 

where M is the joint-space inertia matrix and G is the sum 
of Coriolis, centrifugal and gravity forces. Matrix N is used to 
map the joint torques into the generalized forces. 

One can use any simplified model as long as it represents 
the dynamics of the virtual robot and a situation controller can 
be designed. A typical example is a linear system, for which a 
regulator can be easily designed by optimal control. 

The local controllers compute the desired accelerations of 
joint and contact links based on the reference and current 
position and velocity as well as the reference accelerations [5]. 

In the joint controller, the desired acceleration q̂  is 
computed as follows at each joint: 

)()(ˆ qqqqqq −+−+= refpkrefdkref  (12) 

where q is the current joint position, qref is the reference 
joint position in the captured data, and kp and kd are constant 
position and velocity gains that may be different for each joint. 

One assumes that the position and orientation of the virtual 
joints is available by computing the kinematics. One can 
therefore compute the desired linear and angular accelerations 
of the virtual joints, and combine them with all desired joint 
accelerations to form the desired acceleration vectorq̂ . 

Control law (12) is the same as the one used in resolved 
acceleration control except that the real robot joint is not 
actuated and the desired acceleration may be altered by the 
optimization stage.  

The models proposed arise naturally and provide a means 
of verifying the plausibility of the motion in the real 
environment. With further work it should be possible to 
experimentally obtain more accurate robot dynamically models 
who require finding good imitation [11]. 

VI. ARCHITECTURE FOR COMPOSING CONTROLLERS 
AND PLANNERS 

The general architecture includes simulation, visualization, 
and planning modules.  The simulation module is the primary 
location for the development and testing of new controllers, 
and contains a set of features which are useful for developers. 
The visualization module provides an interface to develop 
alternative implementations. 

The task planner contains multiple motion planners. The 
task planner also contains a world model and communicates 
with the simulator. The task planners are responsible for 
defining the objective of the planning process, while the 
motion planners actually generate the plan and allows planning 
until it has computed a path to a specified goal.  

The motion planners are the individual motion planning 
algorithms which compute controls. The planning system is 
divided among several modules in order to accomplish these 



tasks. The task coordination module contains motion planners 
for generating sequences of controls.  

The planning package communicates primarily with 
simulation. A planning module can send messages to the 
simulation such as computed plans for the robots. The planning 
module can further send trajectory and planning structure 
information to visualization, so users can see the results of an 
algorithm. Task planner follows the planed motion in the 
simulated model.  

World models can be used to reduce dimensions of the state 
space, from the motion planners. It is useful for planning 
because the planning process has complexity which depends on 
the dimensionality of the space. This reduction will make the 
planning process more efficient, and is related to being able to 
remove some systems from collision checking. These two 
functions together allow a full simulation to be loaded, while 
allowing the planning of the robots individually in a decoupled 
manner, for greater efficiency.  

All of the abstract notions described in this section interact 
according to Fig. 3. 

 

Fig. 3. The general structure of the planning modules 

The collision checker describes which pairs of geometries 
objects should be interacting in the simulation. The collision 
checker is actually responsible for performing the checks and 
reporting when geometries have come into contact. 

Validity checkers provide a way to determine if a given 
state is valid. The most basic implementation of a validity 
checker takes a state, translates it into its geometrical 
configuration, and checks if there is a collision between the 
geometry of the robots and the environment [9]. 

Samplers are able to generate samples within the bounds of 
an abstract space. Distance metrics are responsible for 
determining the distance of points in a space. These modules 
may use simple interpolating methods or may be extended to 
be more complex and take into account invalid areas of the 
space.  

Users interact with the simulation environment through the 
visualization. This includes, but is not limited to, camera 

interaction and computer screen. The visualization provides an 
interface to develop alternative implementations. 

The approach was implemented using a simulation software 
platform called Robot Motion Imitation Platform (RMIP) 
developed at University of Brasov [11], who’s precision has 
been demonstrated in some simulation settings for cooperative 
work, using Virtual Reality. 

The proposed architecture, composed of several modules, 
has separate nodes launched as executables which 
communicate via message passing and are organized into 
packages, stacks, and nodes.  

A package is a collection of files, while a stack is a 
collection of such packages. Nodes are executables. RMIP also 
allows developers to integrate additional plug-in into the 
architecture. There are three packages which run as nodes: the 
simulation, planning, and visualization packages. 

Motion planners are responsible for coming up with 
trajectories for individual robots or for groups of robots. 
Motion planners employ the use of modules, used as a black 
box by the motion planner, but may have a wide variety of 
underlying implementations available to accomplish the task. 
Furthermore, because of the flexibility of the system class, 
planners can plan over controllers as well. This allows for 
interesting new planning opportunities, 

This current method only deals with static data sets. Even if 
this is not an issue for off-line computations, it prevents many 
uses in real-world applications since very small time steps are 
required to ensure stability.  

For real-world applications various ways to overcome this 
problem have been used. Task planners are responsible for 
coordinating the high-level planning efforts of the joints. Task 
planners contain at least one instance of a motion planner and 
use planners to accomplish a given task. 

Ultimately, the goal of planning is to come up with valid 
trajectories for one or many systems, which bring them from 
some initial state to a goal state, but the task planner may be 
attempting to accomplish a higher-level task such as motion 
coordination. In this sense, the task planners are responsible for 
defining the objective of the planning process, while the 
motion planners actually generate the plan.  

Local planners program the robots according to their 
dynamics. RMIP offers two basic types of local planners, an 
approach local planner which uses a basic approach technique 
to extend trajectories toward desired states, and a kinematic 
local planner which connects two states exactly, but only works 
for robots which have a two-point boundary problem solver 
and kinematic agents. 

Validity checkers provide a way to determine if a given 
state is valid. The most basic implementation of a validity 
checker, which is provided with RMIP simply takes a state, 
translates it into its geometrical configuration, and checks if 
there is a collision between the geometry of the robots and the 
environment. The RMIP is an architecture that provides 
libraries and tools to help software developers in programming. 
RMIP is focused on 3D simulation of the dynamics systems 



and on a control and planning interface that provides primitives 
for motion planning by imitation.  

Also is a object-oriented infrastructure for the integration of 
controllers, as well as the integration of planners with 
controllers to achieve feedback based planning, In particular, 
RMIP is used to provide concrete implementations of motion 
planners. The proposed infrastructure, however, allows the 
definition of more complex problems such as planning among 
moving obstacles and collision avoidance in the cooperative 
tasks. The joint kinematics and inertial parameters are derived 
from the CAD model.  

The second contribution of this work involves the 
development of a platform for composing and evaluating 
controllers and motion planners. This platform, called RMIP 
utilizes a framework which allows both high level and low 
level controllers to be composed in a way that provides 
complex interactions between many robots.  

The experiments were organized in the following manner. 
First, experiments were conducted using a single robot moving 
in an environment with obstacles. Then, experiments with two 
cooperative robots were run both in an obstacle-free world and 
in an environment with moving obstacles.  

VII. CONCLUSION 
Collision detection strategy is based on identifying the 

zero-velocity impact points, between virtual objects, in the 
moment of the impact. The null velocity in the moment of the 
impact requires a highly accurate model of robot dynamics and 
the environment in order to achieve the collision avoidance.  

So, the problem of the contact detection is better analyzed 
on the virtual prototypes in the virtual environment where one 
predict there behavior. The problem of the contact detection in 
the virtual environment on the virtual robots is important for 
the reason that this built-in function is proven superior to other 
collision detection devices. The contact of two objects is 
possible in the virtual world, where the virtual objects can be 
intersected and no exist the risk to be destroyed.  

Our vision of this dynamic simulator is the ability to 
simulate small mechanical parts of a robot arm. It reduces the 
frequency of the checks significantly, so as to help speed up the 
calculations. We revealed the potential of the Reciprocal 
Velocity Obstacle approach by applying it to scenarios in 
which two virtual robots accomplish their tasks, independently 
or in cooperation, in a complex environment. We would like to 
extend the current method, allowing it to handle various types 
of time-varying data sets used in animation process. 
Furthermore, we would like to apply our collision detection 
framework to several applications including the motion 
planning of physical robots while passing near each other.  

In our formulation, the real robots must have exactly the 
same dynamics model as virtual robots in order to be able to 
imitate the behaviour of the latter Virtual robots could be 
handled using an abstraction of the dynamics model of their 
real homologue. Real robots will imitate the virtual robot's 
behaviour and will move according to it. 

Programming approach such as learning by imitation is 
more flexible and can adapt to environmental change. This 
method is typically directly applicable to cooperative robots 
due the possibility to transfer the virtual joint trajectories from 
virtual space to the real space of the physical robots. The 
experimental results were obtained from evaluating the 
controller in a variety of scenarios concerning the reciprocal 
collision avoidance. 

Programming real robots, especially to perform the 
behavior of the virtual robots is accomplished by imitation, 
using virtual robots motion data capture. The real (physical) 
robot will imitate her virtual prototype; it has no supplementary 
devices for collision avoidance, and gives it higher reliability 
and more cost efficiency. Also, since there is no device 
attached to the real robot tool, one no extends the tool offset 
distance, which allows bigger maximum tool weight and better 
reorientation performance. 

Actually, the method and installation described in [11] are 
currently under testing to be eventually integrated into a real 
collision environment, developed at Transilvania University of 
Brasov. The authors expect fully automated robot 
programming by imitation based on this method, using robust 
enough system to be applied in industrial applications, will not 
become true before the end of this decade. 

REFERENCES 
[1] Weinstein, R., Teran, J., Fedkiw, R. (2005), “Dynamic simulation of 

articulated rigid bodies with contact and collision,” in Journal IEEE 
Transactions on Visualization and Computer Graphics,  vol. 12, no. 3, p. 
365-374 

[2] Zordan, V., Hodgins, J. (2002), “ Motion Capture-Driven Simulations 
that Hit and React,” in Proceedings of ACM SIGGRAPH Symposium on 
Computer Animation, San Antonio, TX, July 2002, p. 89-96 

[3] Silver, D. (2005), “Cooperative path finding,” The 1st Conference on 
Artificial Intelligence and Interactive Digital Entertainment (AIIDE’05), 
p. 23-28 

[4] Pettre, J., Ondrej, J., Olivier, A.-H., Cretual, A., Donikian, S.,“ 
Experiment based modeling, simulation and validation of interactions 
between virtual walkers,” Symposium on Computer Animation, 
Association for Computing Machinery (ACM), 2009 

[5] Reist, P., Tedrake, R. (2010), “ Simulation-based LQR-trees with input 
and state constraints,” in Proceeding of the IEEE International 
Conference on Robotics and Automation (ICRA), p. 5504 -5510  

[6] Gold, K. (2009), “An information pipeline model of human-robot 
interaction,” in Proceedings of the 4th ACM/IEEE international 
conference on Human robot interaction, ISBN 978-1-60558-404-1, p. 
85-92, New York, NY, USA, doi.acm.org / 10.1145/1514095 

[7] Powers, A., Kiesler, S., Fussell, S., Torrey, C. (2007), “Comparing a 
computer agent with a humanoid robot,” in Proceedings of the 
ACM/IEEE international conference on Human-robot interaction (HRI 
'07), ACM, New York, NY, USA, p. 145-152 

[8] Price, B., Boutilier, C. (2003), “Accelerating reinforcement learning 
through implicit imitation,” in Journal of Artificial Intelligence 
Research, vol. 19, p. 569-629 

[9] Cheng, F. S., “The Method of Recovering TCP Positions in Industrial 
Robot Production Programs,” in Proceedings of 2007 IEEE International 
Conference on Mechatronics and Automation, August 2007, p. 805-810. 

[10] Asfour, T. ,Azad, P, Gyarfas, F., “Dillmann, R., Imitation learning of 
dual-arm manipulation tasks,” in International Journal of Humanoid 
Robotics, 2008, vol. 5(2), p.183-202 

[11] Fratu, A., “Method and installation for joints trajectory planning of a 
physical robot arm” (Proposal patent: A 00482 / 28. 06. 2013) 
unpublished. 



<<
  /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 /Error
  /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
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /blex
    /blsy
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /Cmb10
    /CMB10
    /Cmbsy10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /Cmbx10
    /CMBX10
    /Cmbx12
    /CMBX12
    /Cmbx5
    /CMBX5
    /Cmbx6
    /CMBX6
    /Cmbx7
    /CMBX7
    /Cmbx8
    /CMBX8
    /Cmbx9
    /CMBX9
    /Cmbxsl10
    /CMBXSL10
    /Cmbxti10
    /CMBXTI10
    /Cmcsc10
    /CMCSC10
    /Cmcsc8
    /CMCSC8
    /Cmcsc9
    /CMCSC9
    /Cmdunh10
    /CMDUNH10
    /Cmex10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /Cmff10
    /CMFF10
    /Cmfi10
    /CMFI10
    /Cmfib8
    /CMFIB8
    /Cminch
    /CMINCH
    /Cmitt10
    /CMITT10
    /Cmmi10
    /CMMI10
    /Cmmi12
    /CMMI12
    /Cmmi5
    /CMMI5
    /Cmmi6
    /CMMI6
    /Cmmi7
    /CMMI7
    /Cmmi8
    /CMMI8
    /Cmmi9
    /CMMI9
    /Cmmib10
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /Cmr10
    /CMR10
    /Cmr12
    /CMR12
    /Cmr17
    /CMR17
    /Cmr5
    /CMR5
    /Cmr6
    /CMR6
    /Cmr7
    /CMR7
    /Cmr8
    /CMR8
    /Cmr9
    /CMR9
    /Cmsl10
    /CMSL10
    /Cmsl12
    /CMSL12
    /Cmsl8
    /CMSL8
    /Cmsl9
    /CMSL9
    /Cmsltt10
    /CMSLTT10
    /Cmss10
    /CMSS10
    /Cmss12
    /CMSS12
    /Cmss17
    /CMSS17
    /Cmss8
    /CMSS8
    /Cmss9
    /CMSS9
    /Cmssbx10
    /CMSSBX10
    /Cmssdc10
    /CMSSDC10
    /Cmssi10
    /CMSSI10
    /Cmssi12
    /CMSSI12
    /Cmssi17
    /CMSSI17
    /Cmssi8
    /CMSSI8
    /Cmssi9
    /CMSSI9
    /Cmssq8
    /CMSSQ8
    /Cmssqi8
    /CMSSQI8
    /Cmsy10
    /CMSY10
    /Cmsy5
    /CMSY5
    /Cmsy6
    /CMSY6
    /Cmsy7
    /CMSY7
    /Cmsy8
    /CMSY8
    /Cmsy9
    /CMSY9
    /Cmtcsc10
    /CMTCSC10
    /Cmtex10
    /CMTEX10
    /Cmtex8
    /CMTEX8
    /Cmtex9
    /CMTEX9
    /Cmti10
    /CMTI10
    /Cmti12
    /CMTI12
    /Cmti7
    /CMTI7
    /Cmti8
    /CMTI8
    /Cmti9
    /CMTI9
    /Cmtt10
    /CMTT10
    /Cmtt12
    /CMTT12
    /Cmtt8
    /CMTT8
    /Cmtt9
    /CMTT9
    /Cmu10
    /CMU10
    /Cmvtt10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Dcb10
    /Dcbx10
    /Dcbxsl10
    /Dcbxti10
    /Dccsc10
    /Dcitt10
    /Dcr10
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EuroSig
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomDGR-Bold
    /NimbusRomDGR-BoldItal
    /NimbusRomDGR-Regu
    /NimbusRomDGR-ReguItal
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /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 <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  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 /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


