
 Abstract - Manipulation of biological cells has recently 
drawn tremendous attention for its wide applications in 
biomedical fields such as cell-cell interaction, drug discovery, and 
tissue engineering. This paper presents a rapidly-exploring 
random trees (RRT) based  path planner for transportation of 
biological cells in robotic transportation with optical tweezers in 
three dimensions (3D). By integrating the RRT algorithm into the 
optical tweezers manipulation system, we can successfully 
transport biological cells with high precision while avoiding 
obstacles during cell movement. Simulations and experiment are 
performed in transporting yeast cells to demonstrate the 
effectiveness of the proposed approach.  
 

 Index Terms – Cell transportation, optical tweezers, 3D path 
planning. 
 

I.  INTRODUCTION 

The last decade has witnessed tremendous growth in both 
research and applications of micro- and nano-scale biological 
tasks relevant to the health and well being of humans. Optical 
Tweezers has been widely used in the field of biomedical and 
physical applications in the last two decades. It has become a 
well-established technical tool to trap and manipulate small 
dielectric particles, which range from several nanometers up to 
tens of micrometers [1-2].  

With optical tweezers, much effort has been extensively 
 devoted to cell micromanipulation in many biological tasks 
such as cell transportation [3-4], cell sorting or isolation [5-6], 
experiment preparedness for cell injection [7-9], cell property 
characterization [10], cell-cell interaction [1], DNA stretching 
[11-12], and so on. Most of existing works in cell 
manipulation have been done in two dimensions (2D) plane, 
and very few of these approaches have been discussed in 3D 
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space. The demonstrated capacity of optical tweezers for 
transporting biological cells in 3D is used to so many 
applications, including construction of crystals structures [13-
14], assembly of reconfigurable microenvironments [15-16], 
and 3D configurations of a variety of different cell types in 
complex architectures [17].  

Cell manipulation and property characterization integrated 
with robotics technologies have attracted increasing attention 
due to its high operation accuracy and efficiency. Using the 
forces exerted by a focused laser beam, optical tweezers can 
function as special robot end-effectors to trap and move 
biological cells. A few works have been done recently towards 
automatic cell manipulation [18-23] and cell characterization 
[9-10] by optical trapping. Most of the path planning methods 
for transportation of biological cells with optical tweezers are 
in 2D plane.  

In this paper, we develop a new approach to cell 
transportation in 3D based on a RRT-based path planner. Path 
planning of macro robots has been extensively studied over 
the past decades [24-25]. RRT algorithm [26-28] has been 
investigated intensively in the fields of macro robot path 
planning. This algorithm can search collision-free paths 
rapidly without preprocessing, and does not need a grid-map 
representation, as in A* based path planning [3].  However, 
there is no report in the literature that RRT algorithm has been 
used in micro-scale task execution for path planning. In this 
study, a RRT-based path planner is proposed for the path 
planning of cell transportation. The path planning includes two 
steps: generation of a collision-free geometric path and path 
optimization. A unique significance of this paper is that we 
design a two-orthogonal observation system to extend the path 
planning from 2D to 3D space.  

This is achieved by dividing a 3D cell transportation into 
two sub-transportations in the two orthogonal planes. The 
contribution of this paper lies in the proposal of using a 
robotic path planner to address the automatic transportation of 
biological cells in 3D with laser setup, and further improving 
the efficiency by determining the key waypoints of the 
generated path. 

The reminder of this paper is organized as follows. In 
Section II, The RRT-based path planner is developed for 
automatic transportation of cells. In Section III, the two 
orthogonal observation system is established, and a 3D path 
planning for cell transportation is introduced. In Section IV, 
simulations and experiment are performed in transportation of 
yeast cells to demonstrate the effectiveness of the proposed 
approach. Finally, conclusion is given in Section V. 
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II.  RRT-BASED PATH PLANNER 

A RRT-based path planner is developed first for the 
automatic cell transportation in 2D plane. Using the path 
planner, a collision-free path of the cell is planned after the 
cell is trapped by the optical tweezers and a collision-free goal 
position is selected. 

The proposed RRT-based path planning includes two steps. 

A.  Generation of initial collision-free path 
The first step aims to generate an initial collision-free 

geometric path by expanding a random tree T  that is 
comprised of a series of vertexes. This step starts from 
initializing the tree T to its start state initq , as shown in Fig. 1. 
Insert the initial state as the first vertex. Suppose the motion of 
the cell is governed by a control law, ),(1 kkk uqfq =+ , 

Cqk ∈ , Uuk ∈ , where C denotes the configuration space, k  
denotes the index of the vertexes, and U  denotes the distance 
space based on C. Select a random point Cqrandom ∈ , and 
find its nearest neighbor kq  in the tree, which has the shortest 
distance with the point randomq  on C . Choose the control ku  
that pulls the vertex kq  toward the point randomq . A new 
vertex is then generated for a new state ),(1 kkk uqfq =+ , and 
a new edge e connecting the vertexes kq  and 1+kq  is 
generated. If e lies in the free configuration space denoted by 

freeC , insert the new vertex 1+kq  into the tree as a child of 

kq , as shown in Fig. 1. To reach the specific goal position 

goalq  in the path planning, the proposed RRT path planner 

selects randomq  bimodal: with probability p, choose the goal 
position goalq ; with probability 1-p, choose a point uniformly 

from the configuration space. If the tree reaches the goal goalq , 

the initial collision-free path is generated; otherwise, the 
procedures are repeated. 

 

 

Fig.1  Growth of a RRT tree. 

B.  Path optimization 
The second step is to optimize the generated path by 

shortening the path length. In the first step, numerous 
waypoints are generated in the geometric path, and if the cell 
is dragged along this path, the cell has to stop at too many 
waypoints, in which way the efficiency of the motion will be 
very low. In the second step, we will determine some 
important waypoints in directing the path, and discard the rest 
unnecessary waypoints, which will optimize the generated 
path and improve the efficiency of the cell’s motion. We 
denoted these determined ones as key waypoints (KWPs), and 
the optimized path can be represented by these KWPs.  

We design a KWP-pruning function to prune the initial 
geometric path and select the most important positions as 
KWPs. Define the initial geometric path l  by a range of 
waypoints, denoted by ,...},...,,{ 21 kcccl = , where 

,...,...,, 21 kccc  denotes the position of waypoints, and k  
denotes the index of the positions along the path starting from 
the initial position. The initial and the goal positions are 
defined as the first and the last KWPs, respectively. The rest 
position kc  is determined as a KWP, only if the straight-line 
connection of its two neighboring waypoints 1−kc  and 1+kc is 
not collision-free. The connection between 1−kc  and 1+kc , 

…,3,2=k , is checked in succession starting from 2c . The 
illustration of KWPs determination will be shown in the 
simulations of section IV. After path optimization using such 
KWPs determination, a shorter straight-line path that has 
much few waypoints will be generated. The efficiency of the 
cell’s motion can thus be improved. 

III.  3D PATH PLANNING  

Generally, the trapped cell is transported on the focal plane 
of the optical microscope in the 2D space. To extend the cells 
manipulation to 3D space, 3D vision should be first 
constructed. We plan to develop a robot-aided optical tweezer 
setup for 3D cell manipulation, as shown in Fig. 2. An easily 
assembled disposable specimen chamber with a window for 
top and side view is designed, in a similar way to the sample 
chamber devised in [29]. To effectively remove the constraints 
on the sample chamber dimensions, we employ two low 
numerical aperture objectives with long working distances, 
which thereby gives a previous distance from objective lens to 
the trapping region. In both the transverse plane(x-y plane) 
and axial direction(y-z plane), the images of trapped cell are 
collected from CCD cameras, and the image data are obtained 
after image processing from the two orthogonal projections of 
the sample volume. 

In a similar manner to [30], we design a feasible approach 
to cell transportation in 3D based on a RRT-based path 
planner. The path generation of a single cell in 3D space can 
be achieved by dividing the path plan into to plans in two 
orthogonal observation planes. When a collision-free goal 
position is selected in 3D, a collision-free subgoal position is 
calculated on the intersecting line between the x-y plane of the 
trapped cell and the y-z plane of goal position. The 
transportation of trapped cell to the goal position is then 

41



decoupled into two sections: transportation between a start 
position and a subgoal position in x-y plane, and 
transportation between the subgoal position and a goal 
position in y-z plane. Based on the two images from two 
orthogonal CCD cameras, two paths will be generated on 
these two planes based on the RRT-based path planner in 2D 
space. As a result, the automatic transportation of biological 
cell in 3D space is converted into two transportations in 2D 
plane. 

 

 
Fig .2 Robot-aided optical tweezer setup. The laser beam is passed into 

the microscope objective by means of a dichroic mirror (DM), which reflects 
the laser light. Then the beam is focused on the specimen that is precisely 
located and moved by the X-Y-Z stage. The fastened focused laser generates 
an optical tweezer to trap and manipulate biological cell suspended in a liquid 
environment. The relative movement between the trapped cell and the 
specimen is performed when the stage is motorized. Trapped cells are imaged 
with the objective onto two CCD cameras in two orthogonal observation 
planes. 

 
A control software is developed in Visual C++ 6.0 and 

employed for automatic cell-transportation in 2D plane. The 
constructed modular architecture includes a graphical user 
interface (GUI) module, an image processing module, and a 
motorized stage execution control module. Fig. 3 illustrates a 
block diagram of the hierarchical control of the cell 
manipulation procedures. The trap position is obtained from 
the image processing module. In the motorized stage control 
module, a dynamic control is achieved by receiving a series of 
commands. In the cell transportation, a binary map is 
constructed based on the image obtained from the CCD 
camera, and recognized by the execution module. Based on 
the digitalized information of the binary map, a collision-free 
path from the trapped position to the goal position of target 
cell is generated by using the proposed RRT-based path 

planning algorithm. The X-Y stage is then motorized to move 
the target cell along the generated path composed by a series 
of KWPs. The generated path might be not available due to 
the variation of the micro environment. Hence, the path 
planner checks the validity of the following path when the cell 
arrives in the first KWP. If the following path is not available, 
a new path will be generated. In this manner, the trapped cell 
can be ultimately transported to the goal position. 

 

 
 

Fig. 3  Cell manipulation procedures with the single optical tweezer setup 
 

It is worth noting that the focused laser beam is stationary, 
and the images collected from the two CCD cameras are fixed 
on the x-y plane and y-z plane at the focus distance of laser 
beam. The specimen is precisely fixed on the X-Y-Z stage, 
and the relative movement between the trapped cell and the 
specimen is obtained through motorizing the X-Y-Z stage.  

IV.  SIMULATION AND EXPERIMENT 

 A.  Simulations in 2D and 3D world 

To demonstrate the validity of the proposed approach for 
the 3D cell transportation, simulations in two orthogonal 
observation planes were performed in Microsoft Visual C++ 
6.0 platform under Microsoft Windows XP. The environment 
is 400×400 (pels).  
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(a) Step 1 

 

(b) Step 2 

Fig. 4 x-y plane 

The simulations were performed in both x-y plane and y-z 
plane. The path planner aimed to generate a collision-free path 
from the start position to the goal position, as shown in Fig. 4. 
By using the proposed RRT-based path planner, a rapid 
exploring tree was expanded from the start position until it 
reached the goal, and an initial path was then obtained, as 
shown in Fig. 4(a). The generated path was further optimized 
by the proposed KWPs determination, and a new collision-free 
path was generated, as shown in Fig. 4(b), in which the 
endpoints represent the KWPs. It is seen that the path length 
was greatly shortened and many unnecessary waypoints were 
removed. In the same manner, the collision-free path was 
generated in y-z plane, as shown in Fig. 5. As a result, a 3D 
cell transportation could be realized by sub-transportations in 
the two orthogonal planes. 

 
Fig. 5  y-z plan  

Figure 6 illustrates the simulation of cell transportation in 
3D space. The subgoal position is the goal position for the 
path planning in x-y plane and the start position for the path 
planning in y-z plane, which is chosen heuristically. The final 
collision-free path of cell transportation was made up in a 3D 
configuration.  

 
Fig. 6 Cell transportation in 3D world 

The simulation results demonstrate that the proposed path 
planner could search a collision-free path for the cell 
manipulation successfully in 3D space, by dividing cell 
transportation into two sub-transportations in two orthogonal 
observation planes. 

B.  Experiment 
Since the 3D cell manipulation platform is still under 

construction, we only reported the experiment of transporting 
a yeast cell with the optical tweezer system in 2D plane [4]. 
The experimental setup we constructed was installed on a 
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vibration isolation table, including a diode-pumped solid state 
laser generator (808nm, 2W), a microscope equipment with 
magnification 40× , a CCD camera, and a X-Y computer-
controlled motorized stage (PI M-111.1DG). The laser power 
was set as 700mW. The moving velocity of the x-y stage was 
about 3 sm /μ . A single cell was manually selected and 
trapped at the start position, and was then transported to the 
goal position, as shown in Fig. 7(a). A few other yeast cells 
were regarded as obstacles in the environment. The left-hand 
side are the images from CCD and the right-hand side are the 
binary images after image process and path planning.  

 

 
(a) The generated path with four KWP 

 
(b) Move to the second KWP 

 
(c) Move to the third KWP 

 
(d) Move to the last KWP 

Fig. 7 Cell transportation in 2D experiment 

Using the proposed path planner, we obtained a collision-
free path which composed four KWPs, as labelled in Fig. 7(a). 
The X-Y stage is then motorized to move the target cell along 
the generated path. The cell stopped and obtained the 
information of the next waypoint when it arrived at each 

waypoint along the path, as shown in Fig. 7(b-c). The solid 
lines represent the paths that have been passed by the cell, and 
the dotted lines represent the paths to follow. The target cell 
was successfully transported to the goal position in Fig. 7(d). 
Since the travelling environment might change due to the 
cells’ Brownian movement, the path planner checked the 
validity of the following path at each way point and updated 
the path if necessary. The experiments demonstrate that the 
effectiveness of the proposed path planning approach in single 
cell transportation with the optical tweezers in the 2D 
microenvironment. A 3D transportation is an integration of 
two sub-transportations in 2D respectively. 

V. CONCLUSION 

In this paper, a robot-aided optical tweezers manipulation 
tool is proposed to address the automatic transportation of 
biological cell in 3D space. A RRT-based path planning 
method is developed to automatically transport a cell trapped 
by the optical tweezer. Simulations and experiments are 
performed on a yeast cell to demonstrate the effectiveness of 
the proposed approach. Our future work will focus on the 
construction of 3D cell manipulation setup and manipulation 
of multiple cells in a more dynamic environment in 3D space. 

REFERENCES 

[1] A. Ashkin and J. Dziedzic, "Optical trapping and manipulation of 
viruses and bacteria," Science, vol. 235, pp. 1517-1520, March 20, 
1987. 

[2] A. Ashkin, "History of optical trapping and manipulation of small-
neutral particles, atoms, and molecules", J. Quantum Elec., vol. 6, pp. 
841-859, 2000. 

[3] Y. Wu, Y. Tan, D. Sun, and W. Huang, "Force analysis and path 
planning of the trapped cell in robotic manipulation with optical 
tweezers," IEEE International Conference on Robotics and Automation 
(ICRA), pp. 4119-4124, 2010. 

[4] T. Ju, S. Liu, J. Yang, and D. Sun, "Apply RRT-based path planner to 
robotic manipulation of biological cells with optical tweezer", IEEE 
International Conference on Mechatronics and Automation, 2011 
accepted. 

[5] C. Xie, D. Chen, and Y.-q. Li, "Raman sorting and identification of 
single living micro-organisms with optical tweezers," Opt. Lett., vol. 30, 
pp. 1800-1802, 2005. 

[6] X. Wang, Z. Wang, and D. Sun, "Cell sorting with combined optical 
tweezers and microfluidic chip technologies," 11th International 
Conference on Control Automation Robotics & Vision, pp. 201-206, 
2010. 

[7] Y. Tan, D. Sun, W. Huang, and S. H. Cheng, "Mechanical Modeling of 
Biological Cells in Microinjection," IEEE Transactions on 
NanoBioscience, vol. 7, pp. 257-266, 2008. 

[8] H. Huang, D. Sun, J. K. Mills, and S. H. Cheng, "Robotic Cell Injection 
System With Position and Force Control: Toward Automatic Batch 
Biomanipulation," IEEE Transactions on Robotics, vol. 25, pp. 727-
737, 2009. 

[9] Y. Xie, D. Sun, C. Liu, H. Y. Tse, and S. H. Cheng, "A force control 
approach to a robot-assisted cell microinjection system," Int. J. of 
Robotics Research, vol. 29, no. 9, pp. 1222-1232, Aug. 2010.                                       

[10] Y. Tan, D. Sun, J. Wang, and W. Huang, "Mechanical Characterization 
of Human Red Blood Cells Under Different Osmotic Conditions by 
Robotic Manipulation With Optical Tweezers," IEEE Transactions on 
Biomedical Engineering,, vol. 57, pp. 1816-1825, 2010. 

[11] M. D. Wang, H. Yin, R. Landick, J. Gelles, and S. M. Block, 
"Stretching DNA with optical tweezers," Biophysical Journal, vol. 72, 
pp. 1335-1346, 1997. 

44



[12] U. Bockelmann, P. Thomen, B. Essevaz-Roulet, V. Viasnoff, and F. 
Heslot, "Unzipping DNA with Optical Tweezers: High Sequence 
Sensitivity and Force Flips," Biophysical Journal, vol. 82, pp. 1537-
1553, 2002.  

[13] P. J. Rodrigo, V. R. Daria, and J. Gluckstad, "Four-dimensional optical 
manipulation of colloidal particles," Applied Physics Letters, vol. 86, 
pp. 074103-3, 2005. 

[14] R. P. Trivedi, T. Lee, K. A. Bertness, and I. I. Smalyukh, "Three 
dimensional optical manipulation and structural imaging of soft 
materials by use of laser tweezers and multimodal nonlinear 
microscopy," Opt. Express, vol. 18, pp. 27658-27669, 2010. 

[15] G. Sinclair, P. Jordan, J. Courtial, M. Padgett, J. Cooper, and Z. Laczik, 
"Assembly of 3-dimensional structures using programmable 
holographic optical tweezers," Opt. Express, vol. 12, pp. 5475-5480, 
2004. 

[16] P. J. Rodrigo, L. Kelemen, D. Palima, P. Ormos, and J. Gluckstad, 
"Optically controlled three-dimensional assembly of microfabricated 
building blocks," Proc. SPIE，vol. 7371, pp. 737114-6, 2009. 

[17] P. Jordan, J. Leach, M. Padgett, P. Blackburn, N. Isaacs, M. Goksor, D. 
Hanstorp, A. Wright, J. Girkin, and J. Cooper, "Creating permanent 3D 
arrangements of isolated cells using holographic optical tweezers," Lab 
on a Chip, vol. 5, pp. 1224-1228, 2005. 

[18] S. C. Chapin, V. Germain, and E. R. Dufresne, "Automated trapping, 
assembly, and sorting with holographic optical tweezers," Opt. Express, 
vol. 14, pp. 13095-13100, 2006. 

[19] F. Arai, K. Onda, R. Iitsuka, and H. Maruyama, "Multi-beam laser 
micromanipulation of microtool by integrated optical tweezers," IEEE 
International Conference on Robotics and Automation, pp. 1832-1837, 
2009. 

[20] A. G. Banerjee, A. Pomerance, W. Losert, and S. K. Gupta, 
"Developing a Stochastic Dynamic Programming Framework for 
Optical Tweezer-Based Automated Particle Transport Operations," 
IEEE Transactions on Automation Science and Engineering,, vol. 7, pp. 
218-227, 2010. 

[21] H. Chen, J. Chen, Y. Wu, and D. Sun, "Flocking of micro-scale 
particles with robotics and optical tweezers technologies," 2010 
IEEE/RSJ International Conference on Intelligent Robots and Systems, 
pp. 6155-6160, 2010. 

[22] S. Hu and D. Sun, "Automated Transportation of Single Cells Using 
Robot-Tweezer Manipulation System," Journal of Laboratory 
Automation, In Press, Corrected Proof, 2011. 

[23] Y. Wu, D. Sun, and W. Huang, "Mechanical force characterization in 
manipulating live cells with optical tweezers," Journal of Biomechanics, 
vol. 44, pp. 741-746, 2011. 

[24] J. Chakraborty, A. Konar, L. C. Jain, and U. K. Chakraborty, 
"Cooperative multi-robot path planning using differential evolution," 
Journal of Intelligent and Fuzzy Systems, vol. 20, pp. 13-27, 2009. 

[25] C. W. Warren, "Multiple robot path coordination using artificial 
potential fields," IEEE International Conference on Robotics and 
Automation, vol.1, pp. 500-505, 1990. 

[26] J. J. Kuffner, Jr. and S. M. LaValle, "RRT-connect: An efficient 
approach to single-query path planning," IEEE International 
Conference on Robotics and Automation, vol.2, pp. 995-1001, 2000. 

[27] S. M. LaValle and J. J. Kuffner, "Randomized Kinodynamic Planning," 
The International Journal of Robotics Research, vol. 20, pp. 378-400, 
May 1, 2001. 

[28] S. Liu, D. Sun, C. Zhu, and W. Shang, “A dynamic priority strategy in 
decentralized motion planning for formation forming of multiple 
mobile robots”, IEEE/RSJ International Conference on Intelligent 
Robots and Systems, pp. 3774-3779, 2010. 

[29] I. Perch-Nielsen, P. Rodrigo, and J. Glückstad, "Real-time interactive 
3D manipulation of particles viewed in two orthogonal observation 
planes," Opt. Express, vol. 13, pp. 2852-2857, 2005. 

[30] J. Wang, D. Sun, J. Zheng, and W. Shang, “Optimal Path Planning for 
Inserting a Steerable Needle into Tissue”, IEEE International 
Conference on Information and Automation, pp. 39-44, 2011. 

 

45



<<
  /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 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /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 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
    /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
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /CMBX10
    /CMBX12
    /CMBX5
    /CMBX6
    /CMBX7
    /CMBX8
    /CMBX9
    /CMBXSL10
    /CMBXTI10
    /CMCSC10
    /CMCSC8
    /CMCSC9
    /CMDUNH10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /CMFF10
    /CMFI10
    /CMFIB8
    /CMINCH
    /CMITT10
    /CMMI10
    /CMMI12
    /CMMI5
    /CMMI6
    /CMMI7
    /CMMI8
    /CMMI9
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /CMR10
    /CMR12
    /CMR17
    /CMR5
    /CMR6
    /CMR7
    /CMR8
    /CMR9
    /CMSL10
    /CMSL12
    /CMSL8
    /CMSL9
    /CMSLTT10
    /CMSS10
    /CMSS12
    /CMSS17
    /CMSS8
    /CMSS9
    /CMSSBX10
    /CMSSDC10
    /CMSSI10
    /CMSSI12
    /CMSSI17
    /CMSSI8
    /CMSSI9
    /CMSSQ8
    /CMSSQI8
    /CMSY10
    /CMSY5
    /CMSY6
    /CMSY7
    /CMSY8
    /CMSY9
    /CMTCSC10
    /CMTEX10
    /CMTEX8
    /CMTEX9
    /CMTI10
    /CMTI12
    /CMTI7
    /CMTI8
    /CMTI9
    /CMTT10
    /CMTT12
    /CMTT8
    /CMTT9
    /CMU10
    /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
    /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
    /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
    /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


