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Abstract— Understanding microtubule dynamics has 
important implications for establishing nanometer level 
machines. Object tracking is one of the important issues 
necessary to elucidate the dynamics of microtubule from 
video data. In microtubule gliding assays, object 
tracking becomes non-trivial due to the occurrences of 
compound objects and high density objects. In this work, 
we investigate microtubule dynamics focusing on its 
morphological information, and we developed easy and 
useful workflow with compound segmentation technique 
and probabilistic data association filter. Using this 
workflow, multi-crossing microtubules can be 
decomposed, and be tracked correctly. 

Keywords—microtubule gliding assay; bio-image 
informatics; multiple-object tracking; probabilistic data 
association filter 

I.  INTRODUCTION 

Microtubules and motor proteins are considered the 
building blocks of artificial bio-machines [1, 2, 3] and 
molecular robots [4, 5]. They play an important role for the 
development of actuators in molecules. In order to 
understand the dynamics of microtubules, microtubule 
gliding assay (MGA) [6-10] has recently gained increasing 
interest. In the analysis of MGA video data, microtubule 
tracking is a highly sought-after approach because of its 
great benefits over manual tracking. 

MGA is a biological experiment observing the dynamics 
of microtubules driven by motor proteins fixed on a glass 
surface when ATPs are dosed. In microtubule gilding assay 
experiments, images taken can be compiled into video data 
for further investigation. Video data from microtubule 
gliding assays contain various types of information including 
density, shapes, locations and velocities of microtubules. 
Such information can be observed by the human eye; 
however, the visual quantification of such information is 
both time-consuming and error-prone, even though it is still 
commonly analyzed manually. Therefore, computational 
methodologies that can automatically track the paths in 
MGA video data are urgently needed. 

Automated data analysis plays an important role in 
collecting statistically significant facts about microtubules 
dynamics. In order to extract biological information from 
bio-image data, novel image processing tools including 

object tracking, data analysis and visualization techniques 
have been used. Object tracking is of key importance for 
quantitative analysis of intracellular dynamic processes from 
time-lapse microscopy image data. Multiple object tracking 
is a topic of great interest in the field of image processing. 
There have been substantial works on multiple-particle 
tracking [11, 12], and tracking algorithm based on Kalman 
filter [13] and microtubule growth tracks [14, 15]. The first 
effort for automatic tracking of elongate objects used center-
of-mass calculation or cross correlation to track objects in 
image sequence [16, 17, 18]. However, few studies have 
focused on object tracking with regards to MGA, especially 
when dealing with complicated microtubule interactions in 
diverse morphological and density condition.  

In cases with crowded and noisy condition, a 
probabilistic data association (PDA) filter is often used to 
track microtubules. On the other hand, in cases with low 
density conditions, an ad-hoc decomposition algorithm can 
be applied to extract morphological information and 
decompose overlying objects. Here, we combined our 
algorithm with the PDA filter to create a useful tracking and 
analyzing workflow for both low and high density 
conditions, and have demonstrated the statistical properties 
of microtubules such as length, density, group density and 
shapes. The adopted PDA filter is one of the statistical 
approaches that probabilistically associate all the validated 
measurements to the target of interest [19, 20, 21]. 

The organization of this paper is as follows. Firstly, we 
start by describing the background of the research issues in 
MGA. Section 2 describes the general explanation of MGA. 
Section 3 demonstrates and discusses the results of our 
computational experiments. Section 4 describes the research 
method from the viewpoint of image processing. 

II. MICROTUBULES, KINESINS AND GLIDING ASSAY 

The research objects of interests are microtubules which 
are long, hollow cylinders made up of polymerized alpha and 
beta tubulin dimers. The microtubules are approximately 25 
nm in diameter. However, due to the effect of fluorescence, 
the microtubules appear to be approximately 700nm wide. 

The in vitro gliding assay, also called motility assay, has 
been widely employed for studying the functions of bio-
molecular motor systems and unveiled the mechanisms of 
actin-myosin and microtubule-kinesin interactions, in vivo 
[22]. The in vitro motility assay has also provided us with 
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valuable insights into important aspects of bio-molecular 
motor functions. Figure 1 shows an illustration and gliding 
assay images that produced the video data in this study [9, 
10]. Many motor proteins, for example, kinesins, are fixed 
on the glass surface. The liquid on the surface includes 
microtubules. Once ATPs are provided, the kinesins bind 
with the ATPs and then start swinging forward and push the 
microtubules. Microtubule-kinesin interactions can be 
observed through the objective lens and recorded as video 
data. Since the size of microtubules and kinesins is on nano-
meter level, the video data tends to be very noisy. 

The difficulties involved with microtubule tracking 
mainly result from the similarity of microtubule structures, 

and regions of high density where individual microtubules 
cannot be distinguished easily. They look very similar in 
general and change their curves from time to time. 
Sometimes, it becomes difficult to track them even by the 
human eyes when the number of microtubule becomes large. 
Also, some microtubules can suddenly appear or disappear in 
video data, which is mainly due to the vertical movement on 
the glass surface.  

III. RESULTS AND DISCUSSION 

A. Microtubule path tracking examples 
Figure 2 shows the results of multiple microtubule 

tracking by the PDA filter on high density video data (a) and 
low density (b) video data; about 1200 microtubules and 55 
microtubules, respectively. These two videos will be used for 
further analysis throughout this paper.  

Tracking paths were normalized and superimposed at 
their origins; this allows quick visual comparison of the 
different types of motion. Figure 2c shows the 1200 
normalized paths of high density microtubules videos. In this 
figure, most of the paths tend to go in a smooth direction and 
smooth curve. On the other hand, figure 2d shows that the 55 
normalized paths of the low density microtubules videos. In 
this figure, many flexible paths as well as strait paths also 
can be observed.  

Tracking accuracy is strongly depends on the 
microtubule lengths and density. Figure 2e, f, and g show 
521, 308 and 101 microtubule tracks length filtered by 10, 30, 
and 70 pixels in the high density video. Their tracking 
accuracy is 76%, 89% and 86%. As for the density, the 
tracking accuracy is 97% and 95% for 8 and 55 microtubules 
in low density videos with 479*658 and 480*636 pixels, 

respectively. The accuracy is 84% and 60% for 240 and 
about 1200 microtubules in high-density video with 
2160*2560 pixels, respectively.  Although it is too early to 
conclude anything about microtubule tracking, tracking 
accuracy becomes lower when increasing the number of 
microtubules mainly due to the occurrences of compound 
objects described in IV C. 

B. Microtubule mobility property 
Microtubule tracking data provides us with useful 

information about microtubule dynamics. From the tracking 
data, many kinds of features can be estimated such as 

Fig. 1 Schematic illustration of microtubule gliding assay. 
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Fig. 2 (a) high density video includes 1200 objects, (b) low density 
video includes 55 objects, (c) and (d):  Centralized and normalized 
path of microtubules on fig. 2(a) and (b), respectively; 521, 308 and 
101 length filtered microtubule tracks are shown in (e), (f), (g) , 
respectively. (Unit is pixel). 



instantaneous displacement, speeds, turning angles, 
direction autocorrelation, total and net distances, 
directionality ratio, lengths, area and mean square 
displacement. For example, Figure 3a shows that the angles 
of aggregation are between -1.5 (-86 degrees) and +1.5 (86 
degrees) approximately. Figure 3b shows that the average 
velocity of microtubules is approximately 20~25 pixel/s 
(about 100 ~125 nm/s) for the microtubules whose lengths 
range from 10 to 80 nanometers in the low density video, 
and approximately 6~8 pixel/s in the high density video. 

Distribution of instantaneous microtubule velocities from 
our experiment video, at a high density and public data [24], 
at a low density, are shown in Figure 4a and 4b, respectively. 

Interestingly, the distributions are not similar as their 
densities are different. The distribution of the low density 
video formed a peak and gathered at this peak, however the 
distribution of the high density video spreads across a wide 
region, and this may be caused by the interaction of 
microtubules. The distribution may result from various speed 
of microtubules. 

Figure 5 shows the direction autocorrelation (DA) of the 
three microtubules randomly selected. Autocorrelation is a 
member of the spatial autocorrelation family [25], which is 
used to measure how it correlates with itself over different 
scales [26]. One of the major reasons that directional 
autocorrelation analysis is used is that it maintains 
directional persistence influenced by speed. For each of the 
consecutive displacement vectors, autocorrelation 
coefficients are calculated as cosine of their angle subtraction. 

It yields a value between -1 and 1; the values 1, 0, -1 mean 
that displacement vectors are parallel, orthogonal and 
antiparallel, respectively. In this figure, the DA value of 
these microtubules goes in nearly straight direction, except 
for one that turned on their track. The corresponding path of 
these can be observed in Figure 5(a). To calculate the 
direction autocorrelation, the following formula is used:  

   DA = cos(αi+1 - αi)                            (1) 

   αi = arctan( (yi+1 - yi) / (xi+1 - xi) )              (2) 

Since the direction of each vector is defined by its start 
and end points on two frames, it is plausible that low and 
high frame rates may cause the incorrect recording of the 
true vectors. Another factor that may affect the accuracy of 
the direction autocorrelation is the resolution of the original 
image or the pixel grid effect. 

Figure 6 shows the directionality ratio of the 
microtubule paths. This parameter, also called straightness, 
results from the value of the straight-line length between the 
start point and the endpoint of the trajectory divided by the 
length of the trajectory. This ratio is equal to 1 for a straight 
microtubule trajectory and approaches 0 for a highly curved 
irregular trajectory. Thus, the directionality ratio is easy to 
understand and compute. We define that the trajectory may 
close to straight if the directionality ratio is greater than 0.8 
in this paper. We found that more than 71% microtubules in 
low density motion video move in nearly straight direction.  

The applied methods of analysis above each show 
different details depicting microtubule dynamics. The 
directionality ratio reports a single value for each 
microtubule showing the uniformity of movement across all 
frames. The DA value is capable of showing detailed 
information concerning changes in the path of individual 
microtubule from frame to frame. 

IV. METHODS 

A. Microtubule tracking 

Fig.3 Relations of instantaneous velocity, direction and length of 
microtubules in low density video (Red, 55 microtubules) and high 
density video (Blue, 521 length filtered microtubules). Pixels were used 
as a unit to measure length, then the speed was found by measuring 
pixels traveled per second, then the direction was measured in radians. 
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Fig.4 Distribution of microtubule velocities (a) High density, (b) Low 
density. (Unit is normalized pixel). 



Movies of microtubules were captured by fluorescence 
microscopy [23], and we have developed our algorithm in 
MATLAB R2015a using an image processing toolbox. 
Microtubule tracking is performed by a workflow of object 
detection, object decomposition and tracking path estimation. 
There are two choices in solving a tracking problem: on-line 
tracking and off-line tracking. We adopted the latter one 
since on-line tracking is more prone to failure at the 
beginning of the tracking process. In the process, object 
decomposition process may pass if video data includes 
crowded and non-tube-like microtubules. 

B. Object detection 
The workflow of object detection as follow: 

Step 1: Conversion from video data to a series of image 
frames. 

Step 2: Conversion of an image frame to binary image 
followed by noise elimination with regards to object length 
information. Here we define a threshold ξ and remove a 
microtubule when its length is smaller than ξ for further 
analysis. 

Step 3: Object smoothing with MATLAB morphological 
operations, which transforms each microtubule into a one 
pixel wide microtubule. The bwmorph() function (image 
processing toolbox) is used for the thinning algorithm. 

Step 4: For tracking extract the head points from 
subtraction image of two consecutive images. The head point 
is a plus end of microtubule which is the head on the moving 
direction. As defined in Section D of Methods, we assumed 
that body of microtubule always follows the track of the head, 
therefore, the remaining of the subtraction of binarized two 
consecutive images would include the head position of 
microtubule. Using same method it is possible to determine 
the end point of microtubule. For analyzing the shape 
information such as length and elasticity, single and crossing 
microtubules are classified and decomposed using the ad-hoc 
method described in Section C. 

From the video data, the shapes of the microtubules are 
firstly obtained with the image processing, including noise 
elimination, background filtering and grey or binary scale 
conversion as described in [27, 28]. After this process, all 
objects are numbered and microtubule tracking paths are 
detected. The estimation algorithm is described in Section D. 
The tracking paths are used to estimate microtubule motion 

Fig.5 (a) Three microtubule tracking paths randomly selected in high 
density video, (b) Corresponding direction autocorrelation of the 
microtubules. 

 
Fig.6 Directionality ratio of a microtubule path in high density video. 
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Fig.7 Illustration of decomposing process: (a) Binarized target region, 
(b) Thinning, (c) Detection of the heads (red), crossing points (yellow) 
and pixel information of each part (blue), (d) Grouping the parts 
surrounding a same crossing point, (e) Highlighting the four parts 
surrounding crossing point 1, (f) Decomposed and colored 
microtubules. High density video is used for this illustration. 



characteristics such as head movement tracks, microtubule 
direction distribution, movement speed distribution, direction 
autocorrelation, and so on. 

C. Object decomposition 
A compound object consists of more than two 

microtubules. In order to track the same microtubule, it is 
sometimes necessary to decompose a compound object into 
a collection of single microtubules. Object decomposition is 
not trivial because there are many cases forming the same 
compound structure. The main steps of the ad-hoc algorithm 
of the decomposing process are as follow: As shown in 
Figure 7, after adopting the object detection process which 
is described in Section B of Methods, first, detect the heads 
of each part, crossing points and pixel information of each 
part from the binary image, α, β, γ respectively. Secondly, 
find the part sets Γ surrounding a same crossing point. If 

, then αi is a member of part set Γi. 
Then estimate corresponding parts which surround a 

crossing point. If  then the γx, γy are 
recognized as the same MT body. By running this process 
each individual microtubule can be detected. 

D. Probabilistic data association 
A track is a sequence of objects in sequential frames that 

belong to the same physical entity [13]. Detection of the 
same entity in different frames is a key of object tracking. In 
case of microtubule tracking, the same entity may change its 
shape and topology due to the random movement and 
mutual interaction of microtubules.  

A microtubule tracking path can be defined by a 
sequence of objects selected from each frame of the video 
data. An object is null if there is no occurrence of the 
microtubule in a frame.  A microtubule tracking path is 
unique if all objects in the path are exclusive from other 
microtubule tracking paths. Two tracking paths have a 
conflict if the paths share the same object in the same frame. 
The objective of microtubule tracking path estimation is to 
extract a number of unique tracking paths as long as 
possible and as often as possible, while maintaining the 
accuracy of the tracking path. 

In our study, we assumed the following conditions with 
respect to the microtubule movement: 
- A microtubule does not change its length except for 
overlapping, disconnection, sudden appearance and 
disappearance of the microtubule.  
- The head of microtubule may change its direction 
randomly but the body of the microtubule always follows 
the track of the head. 

Assuming the above conditions, we can define the target 
microtubule detection rule as follows. Objects in successive 
frames can be considered as the same microtubule if the 
objects have similar estimated and measured location at the 
direction of movement. In other words, the superposition 
pattern of the objects forms a tracking path of a microtubule 
head. The detection of the microtubule of interest becomes a 
non-trivial issue when dealing with complicated 

microtubule interactions such as crossing. Another issue in 
tracking path detection comes from sudden appearance and 
disappearance of microtubules in addition to entering-from 
and passing-to outside of the frame. This indicates that the 
number of objects in a video frame can vary, and no 
identical entity is guaranteed to be found in the next frame. 
Therefore, a probabilistic approach is necessary for the 
tracking path detection. 

The PDA filter consists of two main steps: data 
association and microtubule track update. Suppose the state 
and measurement vectors are x and z, and the predicted state 
and state covariance are , P respectively, then the 
simplified description of the approach may be presented by: 

 
    (3) 

   (4) 

Where F is the system transition matrix, H is the 
measurement matrix, R and Q is the covariance. Simply it 
can be defined that state is the coordinate vector of the 
microtubule’s head position. If the target was detected and 
the corresponding measurement was in the validation region, 
by using (4), one of the most appropriate validated 
measurements can be selected as a target originated. 
The state vector, the measurement and state covariance 
matrices can be predicted in time from k-1 to k using  by 
(5), (6), and (7): 
 

                (5) 

             (6) 

                     (7) 

The innovation covariance corresponding to the correct 
measurement is: 
 

                     (8) 

The state update equation of the PDA filter is: 
 

                                  (9) 

                     (10) 

where W is a Kalman gain matrix. The state updating 
process is done separately for each microtubule head. 

A true measurement is  in validation region 
estimated by: 

                              (11) 

                    (12) 

where d is the threshold corresponding to the gate 
probability. It is set up for each time step to pick the 
measurement for association to the target of interest. In the 
PDA filter the association probability to the object being 
tracked is estimated after measurement prediction and 
innovation calculation for each time step. 
      



V. CONCLUSIONS 

Microtubule tracking path analysis of mobility 
properties such as the relationship between speed, length 
and direction, direction autocorrelation and directionality 
ratio are demonstrated for studying the microtubule gliding 
dynamics. The PDA filter gives a reasonable tracking 
accuracy in the low density microtubule video and length 
limited microtubules in the high density video. Complicated 
compound objects may cause incorrect tracking estimation. 
Further study is necessary to improve the tracking accuracy 
with regards to image noise elimination and compound 
objects to detect true microtubule head positions and data 
associations. 

COMPETING INTERESTS 

The authors declare that they have no competing 
interests. 

AUTHORS' CONTRIBUTIONS. 

B.M. wrote the manuscript, designed research, performed 
research, and analyzed data. D.I. and A. Kakugo wrote the 
manuscript, designed research and performed research with 
regards to experimental data. A. Konagaya wrote the 
manuscript, designed research, and analyzed data.  All 
authors read and approved the final manuscript. 

 

REFERENCES 
[1] Kabir, Arif Md Rashedul, Daisuke Inoue, Akira Kakugo, Kazuki 

Sada, and Jian Ping Gong. "Active self-organization of microtubules 
in an inert chamber system." Polymer journal 44, no. 6 (2012): 607-
611. 

[2] Kinbara, Kazushi, and Takuzo Aida. "Toward intelligent molecular 
machines: directed motions of biological and artificial molecules and 
assemblies." Chemical reviews 105.4 (2005): 1377-1400. 

[3] Ito, Masaki, Arif Md Rashedul Kabir, Daisuke Inoue, Takayuki 
Torisawa, Yoko Toyoshima, Kazuki Sada, and Akira Kakugo. 
"Formation of ring-shaped microtubule assemblies through active 
self-organization on dynein." Polymer Journal 46, no. 4 (2014): 220-
225. 

[4] Murata, Satoshi, Akihiko Konagaya, Satoshi Kobayashi, Hirohide 
Saito, and Masami Hagiya. "Molecular robotics: A new paradigm for 
artifacts." New Generation Computing 31, no. 1 (2013): 27-45. 

[5] Hagiya, Masami, Akihiko Konagaya, Satoshi Kobayashi, Hirohide 
Saito, and Satoshi Murata. "Molecular robots with sensors and 
intelligence." Accounts of chemical research 47, no. 6 (2014): 1681-
1690. 

[6] Howard, J., A. J. Hudspeth, and R. D. Vale. "Movement of 
microtubules by single kinesin molecules." Nature 342, no. 6246 
(1989): 154-158. 

[7] Böhm K.J, Stracke R, Mühlig P, Unger E: Motorprotein-powered 
unidirectional transport of micrometer-sized cargoes across isopolar 
microtubule arrays. Nanotechnology 2001, 12:238-244. 

[8] Fischer T, Agarwal A, Hess H: A smart dust biosensor powered by 
kinesin motors. Nat. Nanotech 2009, 4:162-166. 

[9] Kabir, Arif Md Rashedul, Shoki Wada, Daisuke Inoue, Yoshiki 
Tamura, Tamaki Kajihara, Hiroyuki Mayama, Kazuki Sada, Akira 
Kakugo, and Jian Ping Gong. "Formation of ring-shaped assembly of 
microtubules with a narrow size distribution at an air–buffer 
interface." Soft Matter 8, no. 42 (2012): 10863-10867. 

[10] Inoue Daisuke, RasheduláKabir, Arif Md, and Jian PingáGong. 
"Growth of ring-shaped microtubule assemblies through stepwise 
active self-organisation." Soft Matter9, no. 29 (2013): 7061-7068.. 

[11] Meijering, Erik, Oleh Dzyubachyk, and Ihor Smal. "Methods for cell 
and particle tracking." Methods Enzymol 504, no. 9 (2012): 183-200. 

[12] Kalaidzidis, Yannis. "Multiple objects tracking in fluorescence 
microscopy."Journal of mathematical biology 58, no. 1-2 (2009): 57-
80. 

[13] Ruhnow, Felix, David Zwicker, and Stefan Diez. "Tracking single 
particles and elongated filaments with nanometer precision." 
Biophysical journal 100, no. 11 (2011): 2820-2828. 

[14] Applegate, Kathryn T., Sebastien Besson, Alexandre Matov, Maria H. 
Bagonis, Khuloud Jaqaman, and Gaudenz Danuser. "plusTipTracker: 
quantitative image analysis software for the measurement of 
microtubule dynamics." Journal of structural biology 176, no. 2 
(2011): 168-184. 

[15] Prahl, Louis S., Brian T. Castle, Melissa K. Gardner, and David J. 
Odde. "Quantitative analysis of microtubule self-assembly kinetics 
and tip structure."Methods Enzymol 540 (2014): 35-52. 

[16] Homsher, E. A. R. L., F. Wang, and JAMES R. Sellers. "Factors 
affecting movement of F-actin filaments propelled by skeletal muscle 
heavy meromyosin." American Journal of Physiology-Cell 
Physiology 262, no. 3 (1992): C714-C723. 

[17] Work, Steven S., and David M. Warshaw. "Computer-assisted 
tracking of actin filament motility." Analytical biochemistry 202, no. 
2 (1992): 275-285. 

[18] Chisena, Ernest N., R. Andrew Wall, Jed C. Macosko, and George 
Holzwarth. "Speckled microtubules improve tracking in motor-
protein gliding assays."Physical biology 4, no. 1 (2007): 10. 

[19] Bar-Shalom, T. Kirubarajan and C. Gokberk, “Tracking with 
Classification-Aided Multiframe Data Association” IEEE Aerospace 
and Electronic Systems Magazine, vol. 41, no. 3, pp. 868–878, July 
2005. 

[20] Bar-Shalom, T. Kirubarajan and X. Lin, “Probabilistic Data 
Association Techniques for Target Tracking with Applications to 
Sonar, Radar and EO Sensors,” IEEE Aerospace and Electronic 
Systems Magazine, vol. 20, no. 8, pp. 37–56, Aug. 2005. 

[21] Habtemariam, Biruk K., Ratnasingham Tharmarasa, Thia 
Kirubarajan, Douglas Grimmett, and Cherry Wakayama. "Multiple 
detection probabilistic data association filter for multistatic target 
tracking." In Information Fusion (FUSION), 2011 Proceedings of the 
14th International Conference on, pp. 1-6. IEEE, 2011. 

[22] Howard, Jonathon. "Mechanics of motor proteins and the 
cytoskeleton." (2001). 

[23] Inoue Daisuke, Bulbul Mahmot, Arif Md Rashedul Kabir, Tamanna 
Ishrat Farhana, Kiyotaka Tokuraku, Kazuki Sada, Akihiko Konagaya, 
and Akira Kakugo. "Depletion force induced collective motion of 
microtubules driven by kinesin." Nanoscale 7, no. 43 (2015): 18054-
18061. 

[24] Maloney, Andy; Koch, Steve (2011): Microtubule Gliding Assay. 
University of New Mexico. http://hdl.handle.net/1928/12559. 

[25] Getis, Arthur. "A history of the concept of spatial autocorrelation: A 
geographer's perspective." Geographical Analysis 40, no. 3 (2008): 
297-309. 

[26] Gorelik, Roman, and Alexis Gautreau. "Quantitative and unbiased 
analysis of directional persistence in cell migration." Nature 
protocols 9, no. 8 (2014): 1931-1943. 

[27] Han, Yuexing, Bing Wang, Masanori Idesawa, and Hiroyuki Shimai. 
"Recognition of multiple configurations of objects with limited 
data." Pattern Recognition 43, no. 4 (2010): 1467-1475. 

[28] Han, Yuexing. "Recognize objects with three kinds of information in 
landmarks." Pattern Recognition 46, no. 11 (2013): 2860-2873. 

 



<<
  /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 true
  /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
    /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
    /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
    /DoulosSIL
    /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
    /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
    /KristenITC-Regular
    /KrutiDev040Bold
    /KrutiDev040BoldItalic
    /KrutiDev040Condensed
    /KrutiDev040Italic
    /KrutiDev040Thin
    /KrutiDev040Wide
    /KrutiDev060
    /KrutiDev060Bold
    /KrutiDev060BoldItalic
    /KrutiDev060Condensed
    /KrutiDev060Italic
    /KrutiDev060Thin
    /KrutiDev060Wide
    /KrutiDev070
    /KrutiDev070Condensed
    /KrutiDev070Italic
    /KrutiDev070Thin
    /KrutiDev070Wide
    /KrutiDev080
    /KrutiDev080Condensed
    /KrutiDev080Italic
    /KrutiDev080Wide
    /KrutiDev090
    /KrutiDev090Bold
    /KrutiDev090BoldItalic
    /KrutiDev090Condensed
    /KrutiDev090Italic
    /KrutiDev090Thin
    /KrutiDev090Wide
    /KrutiDev100
    /KrutiDev100Bold
    /KrutiDev100BoldItalic
    /KrutiDev100Condensed
    /KrutiDev100Italic
    /KrutiDev100Thin
    /KrutiDev100Wide
    /KrutiDev120
    /KrutiDev120Condensed
    /KrutiDev120Thin
    /KrutiDev120Wide
    /KrutiDev130
    /KrutiDev130Condensed
    /KrutiDev130Thin
    /KrutiDev130Wide
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-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
    /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
    /MTExtraTiger
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /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
    /SILDoulosIPA
    /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
    /SymbolTiger
    /SymbolTigerExpert
    /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
    /Tiger
    /TigerExpert
    /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 150
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /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 <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata pogodnih za pouzdani prikaz i ispis poslovnih dokumenata koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




