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Abstract—This paper presents a new algorithm for 
segmentation of overlapped cursive handwritten digits. 
Segmentation is a common issue for automatic character 
recognition. The work in digits is common in applications as bank 
check or postal code processing. Our method is based on the 
segmentation achieved by the path traversed by a hypothetical 
ball which rolls over the digits under the influence of inertial and 
centripetal forces. The proposal has a computational cost of O(n2)
instead of O(2n) as in classical graph-based approaches. 

Keywords—document processing, segmentation, overlapped 
handwritten digits

I. INTRODUCTION

Automatic character recognition is still a challenge for 
applications that deal with handwritten text. In machine written 
documents, in general, the recognition is easy and there are a 
large number of tools developed for that. There are several 
basic issues that must be dealt for a correct recognition before 
the recognition phase itself. The main steps of automatic 
recognition systems are [9]: thresholding (in order to convert a 
document into black-and-white), skew estimation and 
correction (to avoid segmentation errors, the documents must 
have a zero degree inclination), noise removal (to prevent the 
recognition of noise as characters), segmentation (which 
provides the separation of the words or characters), feature 
extraction (the basic elements for recognition) and 
classification (the correct identification of each extracted 
symbol).  Each one of theses steps is related; it is common that 
a fail in one step means fails in every further step. 

Thresholding is the main subject of the paper [13] where a 
very complete survey is presented. A very robust algorithm for 
skew estimation and correction is presented in [3]. A technique 
for text segmentation and word extraction is shown in [12]. At 
this point however, we work in this paper with the results of 
this extraction in specific fields of some documents as bank 
checks or mail letters. It is our interest to provide handwritten 
digit segmentation. The main issues related to symbol 
segmentation are the connection or the overlapping of the 
symbols (Fig. 1). 

The remainder of this paper is divided as follows: next 
Section briefly reviews some important algorithms for symbol 
segmentation. Section III presents the proposed algorithm. 
Section IV presents some results and experiments while 
Section V concludes the paper. 

Figure 1. Sample images of overlapped or connected digits. 

II. SEGMENTATION TECHNIQUES

There are several classical algorithms for segmentation. 
These algorithms are developed for connected symbols in 
general. Amongst them, we can cite drop-fall, hit-and-deflect,
min-max or structure feature based algorithms. The first three 
of these techniques deal with the traversal of the border of the 
symbols. In drop-fall [2][4], the segmentation is done using the 
idea of a ball rolling as it follows the contour of the characters. 
It works as if one drops a ball from the top of a mountain (the 
symbol) and it falls down creating a path that separates the 
characters. There are several variations of the drop and fall 
algorithms according to the start point of the path. It can be 
descending or ascending from left or from right. 

Hit and deflect methods [6] use a set of rules to separate the 
characters building a cutting path based again on the contour of 
the symbol. The algorithm starts from a peak in the lower 
contour and moves upwards, “reflecting” when the movement 
line “hits” a black pixel. 

Another major type of segmentation heuristic involves the 
segmentation of a connected component based on structural 
features of the component itself (as corner points, local minima 
or maxima, etc). Min-Max algorithms are a sub-class of 
structure feature based algorithms. These techniques consider 
that most touching or overlapped characters are joined where 
the distance from the upper contour to the lower contour of the 
connected component is a minimum. The minima in the upper 
contour and the maxima in the lower contour define a straight 
line that separates the symbols. 

A bad digitizing process can generate smeared characters 
which can be segmented by the method proposed in [5]. 

A method for separating connected digits is proposed in [1] 
using two agents. One agent works top-down and the other 
works bottom-up. Both agents look for cut-point candidates. 

It is presented in [11] a general segmentation technique 
based on the evaluation of several candidates produced by an 
over-segmentation process. The method is efficient but it has a 
high computational cost (O(2n)). To decrease this cost it 
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proposes the use of heuristics which, by the other side, can also 
decrease the performance of the algorithm. 

A survey about character segmentation methods can be 
found in [6]. 

III. PROPOSED ALGORITHM

The new algorithm works on bi-level images. Thus, the first 
step is the thresholding of the digits. The black-and-white 
images are seen as a path which is traversed by a hypothetical 
ball. The movement of the ball is defined based on physical 
forces and this movement causes the segmentation of the 
overlapped digits. The forces that we have implemented so far 
are inertia and centripetal. Next, we explain their use and the 
segmentation itself. 

This is a complete version of the algorithm first proposed in 
[7]. In that paper, the authors presented an initial idea of the 
algorithm without the complete list of rules presented herein. 

A. Inertial Movement of the Hypothetical Ball 
As in any road, the object just needs the main path to roll 

over. It does not need the whole road. So, with the bi-level 
image, a thinning technique [10] is applied in order to reduce 
the digit to its skeleton. This skeleton is the path to be traversed 
by the ball; it contains the main aspect of the digits. A thinning 
algorithm makes a smoother skeleton than a skeletization 
algorithm. With the path defined, the ball needs a starting point 
(SP) to begin its movement. Before that, a salt-and-pepper 
noise removal is applied in order to eliminate unnecessary 
spots. This is also needed for other steps of the algorithm as it 
will be explained further. Fig. 2 presents an example of a pair 
of digits with overlapping and the skeleton after thinning. 

Figure 2. (left) Example of overlapped digits and (right) its skeleton. 

The starting points from where the ball is launched can be: 

1) points with just one neighbor or (Fig. 3-left) or; 

2) points that have two neighbors that are adjacent to each other 
as in Fig. 3-top-center (otherwise they are not considered 
starting points as in Fig. 3-bottom-center) or; 

3) the most left or the most right points case no one of the 
previous situations are satisfied (Fig. 3-right). 

All images have a minimum of two SPs (Fig. 3-right); there 
is no maximum limit (Fig. 3-left, for example, with four SPs). 
Depending on the position of the SP, the ball will move to the 
left, to the right, to the bottom or to the top according to the 
rules defined next. 

The ball starts its traversal from each staring point (one at a 
time). If the ball is in one position (SP or not) and there is just 
one black neighbor, it moves straight to this point which is its 
new position. The issues happen when there is more than one 

possible new position; when the ball’s current position has 
more than one unvisited black neighbor and a choice must be 
done. In some of these cases, the inertial force defines the new 
position of the ball. According to Sir Isaac Newton in [8]: “The 
vis insita, or innate force of matter is a power of resisting, by 
which every body, as much as in it lies, endeavors to preserve 
in its present state, whether it be of rest, or of moving 
uniformly forward in a straight line.”. This means that, in some 
situations, it is more probable that the ball continues to one way 
that changes to another. This situation can be seen in Fig. 4, 
where it is presented a zooming into part of the digits from Fig. 
2-right (negated just for a better visualization). From a starting 
point, the ball continues its way down (Fig. 4-left) until it finds 
a crossing. 

Figure 3. Starting points (SP): (left) SPs (circled) with just one neighbor; 
(top-center) a valid SP with two neighbors (labeled as N); (bottom-center) an 
invalid SP with two neighbors; (right) in this case, the SPs (circled) are the 

most left and the most right points of the figure. 

Figure 4. The inertial movement of the ball: (left) its traversal from a SP; 
(center-left) at this point, the ball reaches a crossing and (center-right) it has 

three possible ways. (right) The inertial force makes it continues its way down 
as it is more uniform considering from where it came from.  

This situation can be summarized in Fig. 5. When the ball 
comes from one position, the next position is naturally a 
continuation from the path being created. So the path must be 
as smooth as possible. Consider Fig. 5: suppose in this figure 
that the ball is in the position (1, 1) – the center of the square. If 
it came from position (0, 0), it is more natural that the next step 
is point (2, 2). If it came from (1, 0), it continues to (1, 2), and 
so on. 

Figure 5. From the central position, the next point to be reached depends on 
where the ball came from. 

When there is more than one possible position to follow, 
the first consideration is that the chosen path is the one that is 
closer to the ideal path, i.e., the point that causes the smaller 
changes on the path. This can be seen in Fig. 6, where it is 
depicted a point with two possible paths, none of which is a 
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continuation of the previous path (Pi). The same figure also 
presents the point chosen to continue the movement of the ball 
(Nb2). This is the choice that changes the path by an angle 
smaller than the angle created if we had chosen Nb1. 

Figure 6. (left) Movement of the ball until the position marked with an ‘X’; 
(right) from this position, the ball would naturally go to the position Pi, but it 
is not part of the object. Thus the ball must choose between positions Nb1 and 

Nb2. Nb2 is chosen as it creates a path closer to the best. 

To increase the probability of the ball to get the correct 
path, a 3-length array with the history of the movement is 
stored. This history is updated at each new step and in the 
beginning of each new traversal, it is cleared. When its 
maximum size is reached, the older element is removed. Each 
element in the history has a corresponding weight which 
decreases as the ball goes far from this element. The length of 
the history was chosen to be 3 as higher values increase the 
inertia of the ball making possible changes in its path harder. 
This can be seen in Fig. 7. The ball comes from the path 
labeled ‘B’. In this case, we are using a 5-length history array. 
From left to right, when the ball reaches the ‘D’ position, it 
continues through the incorrect path labeled as ‘W’. As a 5-
length history array indicates that the previous path was in the 
most part horizontal from left to right, the inertia makes the 
ball continue this movement instead of taking the correct path 
(labeled as ‘C’). A 3-length history makes the ball rolls 
through this ‘C’ right path. 

Figure 7. A history array of length equal to 5 makes the ball goes to the 
wrong way (‘W’) instead of the correct path (‘C’). 

In the simplest situation, the movement follows the basic 
idea presented in Fig. 6: when there is just one black neighbor, 
the ball moves to that position; when there are two, it goes to 
the point that causes the minor change in the expected path. 

When there is a situation where both neighbors have the 
same probability of being reached, the history is used to make 
a decision. This can be exemplified in Fig. 8. When the ball 
reaches the position marked with an ‘X’, it can rolls to any one 
of the other two positions with equal probability. In these 
cases, what will make a decision are its previous movements 

stored in the history and two rules heuristically defined based 
on the human hand movement to write digits: 

1) If the ball has been moving in one vertical direction 
(upwards or downwards) and it finds a position where it can 
continue its movement or change its direction (from upwards 
to downwards and vice-versa) it chooses the way at which it 
continues its previous movement. 

2) If the movement is horizontal, if the ball has been coming 
from the right and finds a point where it can change its 
direction to the left or continue to the right, it chooses to 
change and go to the left. Similarly, if it comes from the left, it 
changes and goes to the right. 

Figure 8. In an upwards movement, when the ball arrives at the position ‘X’, 
it can continue its movement with equal probability to the left or to the right. 

The history of the movement helps the decision. 

When the movement ends (no possible neighbor not 
visited), the process stops and goes to another starting point 
not used yet if there is any. 

B. The Use of Centripetal Force 
Another situation comes when the leftmost or rightmost 

point of the image is chosen as a SP. It is assumed then that 
these points belong to a '0' or a '8' digit. At these situations a 
centripetal force is taken into account to calculate the next 
position in the cases where a choice must be made. Such a SP 
can generate two different paths: one clockwise and another 
counter-clockwise. The direction that the ball takes can 
generate different paths. Fig. 9 illustrates this. 

Figure 9. The ‘X’ indicates the SP. The clear gray path indicates the path 
which is followed (left) counter-clockwise or (right) clockwise. 

To solve this problem, the next position is evaluated in a 
different way, making use of a centripetal force. This is an 
external force needed to keep an object following a curve path. 
At every movement, if the values of vertical and/or horizontal 
displacements change, they are stored. These displacements are 
used to calculate the next position to be visited when the ideal 
next point is not a black neighbor. 

The calculation to find the nearest neighbor in this case 
takes into consideration the following factors: 
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• Euclidian distance between candidate neighbors and the 
next position; 

• components of the movement (horizontal and vertical) 
stored in history list. 

The difference is that the distance is not between neighbors 
and the next ideal position, based on values stored in history 
list, but between neighbors and the calculated next position, 
based on previous movement displacement. The next position 
is then evaluated using the current position as follow: 

 next_positionx = current_positionx + deltax (1) 
 next_positiony = current_positionx + deltax (2)

where deltax and deltay are evaluated as follows: 

IF current_positionX – previous_positionX ≠ 0 THEN 
deltaX = current_positionX – previous_positionX

IF current_positiony – previous_positiony ≠ 0 THEN 
deltay = current_positiony – previous_positiony

At every movement, new displacements (deltax and deltay)
values are calculated. For horizontal and vertical movements, 
the last non zero delta value is stored. If the calculated point is 
a neighbor, it is chosen as the next point otherwise, the nearest 
neighbor is chosen. If two neighbors have the same distance to 
the calculated next point calculated, the values in history list 
are used as before. This simple approach has no complications 
with sudden changes of direction because they are rare. 

Fig. 10 presents how the next position is calculated. Fig. 
10-top shows the pair to be segmented. Fig. 10-bottom-left 
shows the path followed without taking displacements into 
account. The path presented in Fig. 10-bottom-right uses 
displacements in calculations and lead to a correct path 
segmenting the digits into two zeros. The white arrows in Fig. 
10-top shows the path being traversed and the square, the 
region zoomed in Fig. 10-bottom-left and Fig. 10-bottom-right. 
In these figures, the traversed path is marked in light gray. 

Figure 10. (top)  Pair being traversed (the white arrows indicate the 
movement); the square marks the zoom area presented in: (bottom-left) 

without taking displacements  into account and in (bottom-right) with the use 
of displacements. The movement appears in light gray. 

Fig. 11 presents the complete example of the segmentation 
achieved with and without the use of the centripetal force for 
the image of Fig. 10-top. At first, using just the inertia, it is not 
possible to segment the zeros by any way from any starting 
point (the possible traversals are presented in light gray). The 
use of the centripetal force allows the correct segmentation of 
the pair of zeros. 

Figure 11. (top) Wrong traversals (in light gray) from the possible starting 
points (labeled with an ‘X’) to segment the pair of zeros using just the inertial 

force; (bottom) correct digit segmentation with the use of centripetal force. 

C. Reconstruction 
The final step deals with remaining points of the digits or 

elements with few amounts of black pixels. As we removed all 
the noise in the beginning of the process, no isolated point is 
expected to be found. So, after segmentation, any isolated 
point is attached to the object that it was connected in the 
beginning of the process. 

Besides single spots, we deal with small parts of numbers 
(as a small line that can be part of a ‘7’ or a ‘1’ as in Fig. 12-
left). Objects are considered as isolated strokes (this means 
that they are part of a number) if: 

1) Its height or width is less than 50% of the image’s height or 
width; 

2) It touches another object; 

3) No part of it is used in a complete element. 

If an element satisfies all these three conditions, it is 
considered an isolated element and it is attached to the object 
it touches. 

Figure 12. (left) A digit with a small line in its middle; (center) and (right) the 
results of the segmentation process: the isolated element (center) has the 

features needed to be attached to another object (right), restoring the complete 
number (left). 

IV. RESULTS AND DISCUSSION

For the experiments, a database of overlapped digits was 
created from isolated digits extracted from true type cursive 
fonts and from digits available at: 
http://yann.lecun.com/exdb/mnist/. The overlapping was 
synthesized using these isolated numbers. Examples of the 
overlapping can be seen in Fig. 13 jointly with their 
segmentation by our proposal. 
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Fig. 14 presents a sample image and the segmentation 
achieved by the algorithms of Alhajj [1], Renaudin [11] and 
our proposal. It can be seen that the other algorithms always 
leave some part of one digit on the other. 

a) b) 

c) d) 
Figure 13. Samples of overlapping digits used and their segmentation by our 

new algorithm. 

                       a)                                   b) 

        c)        d) 
Figure 14. a) Original image and its segmentation by: b) Renaudim, c) Alhajj 

and d) our proposal. 

One of the most important aspects of our approach is that it 
has a computational cost of O(n2) which is much better than 
most part of graph-based segmentation techniques which have 
cost of O(2n). This cost is mostly because of the thinning 
phase. Although the idea of the traversal of the hypothetical 
ball does not require this thinning, it is used to decrease the 
amount of pixels needed to be analyzed at each step of the 
movement. 

We have tested the algorithm in a set of 50 overlapped 
synthetic overlapping digits with satisfactory results. These 
results also depend on an automatic digit recognition technique 
which is going to be part of the complete system and it is still 
under development [14]. 

V. CONCLUSIONS

In this paper, we presented an algorithm for segmentation of 
overlapping cursive digits based on physical forces as inertia 
and centripetal force. Segmentation is an important issue in 
automatic character recognition as it isolates the symbols that 
are going to be recognized by the system.  

The proposed algorithm works with the idea of a 
hypothetical ball that rolls over the digits with a movement 
defined by physical forces. The inertia defines the general 
movement of the ball. Thus, if it comes from one way and 

reaches a crossing, the ball tends to continue its way according 
to the direction that it came from. For rounded digits as zeros, 
centripetal forces act in the ball keeping its circular movement. 

Several rules define the way the ball moves so that the 
digits are correctly segmented. There are some specific cases 
where the algorithm does not provide a correct answer, but its 
low computational cost (O(n2)) in comparison with O(2n)
graph-based algorithms encourages its use. 

Our algorithm fails in situations where the wrong path has 
higher probability than the correct one and when the thinning 
generates just one stroke for more than one digit (Fig. 15). 

                      a)                      b) 
Figure 15. a) Original image and its incorrect segmentation by our proposal. 

ACKNOWLEDGMENTS

This research is partially sponsored by CNPq (grant 
470541/2008-3). The authors would also like to thanks Dr. 
Christophe Renaudin for his valuable help. 

REFERENCES

[1] R.Alhajj and A.Elnagar, “A Novel Approach to Separate Handwritten 
Connected Digits”, Int.Conf. on Document Analysis and Recognition, 
Scotland, 2003, pp. 1198-1202. 

[2] R.G.Casey, and E.Lecolinet, “A Survey of Methods and Strategies in 
Character Recognition”, IEEE Transactions on Pattern Analysis and 
Machine Intelligence, vol. 18, no 7, pp. 690-706, 1995. 

[3] C.Chou, S.Chu and F.Chang, “Estimation of skew angles for scanned 
documents based on piecewise covering by parallelograms”, Pattern 
Recognition, no 2, vol. 40, pp. 443-455, 2007. 

[4] G.Congedo et al, “Segmentation of Numeric Strings”, Int.Conf. on 
Document Analysis and Recognition, Canada, 1995, pp. 1038-1041.  

[5] Jia Tse, et al, “An OCR-Independent Character Segmentation Using 
Shortest-Path in Grayscale Document Images”, Int. Conf. on Machine 
Learning and Applications, USA, 2007, pp. 142-147. 

[6] Y.Lu and M.Shridhar, “Character Segmentation in Handwritten Words - 
An Overview”, Pattern Recognition, 1996, Vol 29, no. 1, pp. 77-96. 

[7]  C.A.B.Mello et al. “Segmentation of overlapping cursive handwritten 
digits”, ACM Document Engineering, Brazil, 2008, pp.271-274. 

[8] I.Newton, Mathematical Principles of Natural Philosophy, translated into 
English by Andrew Motte, First American Edition, New York, 1846. 

[9] L.O’Gorman, R.Kasturi., Document Image Analysis, IEEE Press, 1996. 
[10] J.R.Parker, Algorithms for Image Processing and Computer Vision, John 

Wiley and Sons, 1997. 
[11] C.Renaudin, et al., “A General Method of Segmentation-Recognition 

Collaboration Applied to Pairs of Touching and Overlapping Symbols”, 
Int.Conf. on Document Analysis and Recognition, Brazil, 2007, pp. 659-
663. 

[12] A.Sanchez, et al. “Text Line Segmentation in Images of Handwritten 
Historical Documents”, IEEE International Workshops on Image 
Processing Theory, Tools and Applications, Sousse, 2008. 

[13] M.Sezgin et al. “Survey over image thresholding techniques and 
quantitative performance evaluation”, Journal of Electronic Imaging, 
2004, vol. 13, no. 1, pp. 317-327. 

[14] E.Silva JR, et al., “Feature Selection and Model Design through GA 
Applied to Handwritten Digit Recognition from Historical Document 
Images”, Int.Conf. on Frontiers in Handwritten Recognition, Canada, 
2008. 

153



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Recommended"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


