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Abstract  Computer based training has become an 
increasingly attractive alternative to traditional training 
methods for skill acquisition, and the topic of skill modeling 
has become one of great interest. One of the key problems in 
computer-based training is automatic skill evaluation, which 
requires precise and accurate skill modeling. In order to 
evaluate and model human skills it is necessary to identify a 
relevant set of attributes by which skill can be measured, 
interpreted and evaluated by computers. In this paper we 
present our work on attributed skill transfer and focus on the 
specific task of writing. Identifying the central attributes 
associated with writing and analyzing the consistencies of 
these attributes within and among subjects determines whether 
one unique expert model can be derived from a pool of 
experts.  In our study key attributes of hand writing were 
identified and statistical analysis on subject data was 
conducted. In our analysis we found  behavior can be 
modeled using the parameters and the same could be used to 
distinguish between experts and novices, lending itself as an 
evaluation tool. 
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I.  INTRODUCTION  
Motor skills are typically learnt in direct interaction with a 
teacher or master. The primary challenge in training for any 
such motor skill is identification of a suitable master or teacher 
model. Given that there can be multiple experts for any motor 
skills, following question arises -- Is it possible to determine a 
generic expert model from a given population? (ii) Do any 
patterns exist in a population of such experts? Identification of 
such a generic expert model that encapsulates the so called 
skill attributes could prove beneficial for skill transfer and 
evaluation using haptic systems. Germain et al [1] 
incorporated a visuo-
fluency of handwriting production of cursive letters in 
kindergarten children. Haptics has been used effectively for 
training for fine motor skills. Pemalete et al [2] used force 
feedback provided by a haptic device to improve handwriting. 
Mansour et al [3] discuss about learning and evaluation system 
using haptics to facilitate learning of alphabetical handwriting 
of various languages. Chen et al [4] describes human skill to 
be highly stochastic in nature, that not even an expert can 

general patterns emerge, there will be inherent variability in 
the skill depicted. Wang et al [5] defined motor skill as the 
ability to execute a movement in an optimal fashion, or as an 
activity of a person involving a single or a group of 
movements performed with a high degree of precision and 
accuracy. From these two studies it can be deduced that an 
expert will show lower variability than a novice. Skill can also 
be depicted as the fluency of the task being performed. Elesa 
et al [6] measured fluency, movement time and axial pen 
forces involved in hand writing. According to their study 
deteriorated signal to noise ratio (SNR) resulted in less fluent 
writing.  
 
In order to better understand skill it would be instructive to 
analyze the pattern of behavior being addressed. At the 
behavior level Rasmussen [7] describes skill as the perceptual 
motor system that acts as a multivariable continuous control 
system. In order to quantify skill, identification of attributes 
pertinent to the task being performed need be analyzed. While 
multiple groups have worked constructing handwriting 
/calligraphy trainers or simulators, modeling of expert skill or 
actions has been largely restricted to fitting models to written 
characters. There has been little work in identifying 
comprehensive expert models for writing that would combine 
force and position information. Srimathveeravalli et al [8] 
parameterized hand writing by building a force profile and 

relate a unique haptic force profile to every task performed 
using motor skills. How to model human skill and its learning 
mechanism during tasks such as handwriting? The remainder 
of this paper is organized as follows. Section II gives the 
identification of attributes that deal with the handwriting.  
Section III analyzes the consistencies of handwriting writing 
behavior. 

II. METHODOLOGY ANALYSIS OF ATTRIBUTED SKILL 
TRANSFER  

In this work a method for determining an expert model for fine 
motor skill  handwriting, is proposed. In this approach skill 
was described through identification and quantization of 
attributes associated with writing and subsequent statistical 
analysis to estimate consistency, patterns and to finally derive 
a model from these attributes. This was executed as a three 
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step process i) Collection of handwriting samples from expert 
writers (native language writers in English and Tamil selected 
as experts) ii) Preprocessing and filtering of data followed by 
extraction of skill attributes iii) Statistical analysis to 
characterize skill.   

      

S Q P o  * 
Figure 1.  Tamil characters (row above) and English alphabets and 

symbols (row below) used for data collection 

Data Collection 
An experimental procedure was conducted to collect 
handwriting samples that would represent expert skill. Data 
was collected for six Tamil characters, three English letters 
and three symbols. For testing the proposed methodology two 
of the nine letters one from Tamil and the other from English 

obtaining data when writing the characters, including pressure 
and pen orientation information. Data was captured at 100 Hz 
(spatial accuracy 2500 dpi, temporal accuracy 1ms).  Subjects 
(n = 22, 18 male and 4 female, age 18-28 years) who 
participated in the experiment were asked to provide six 
consecutive samples for each shape continuously. All subjects 
except one were left handed. Participants wrote on an A4 sheet 
that had a printed template, which was laid upon the tablet. 
There was no restraint on hand movement and anthropometric 
pen grip. Six reference boxes ( 1x1 inches ) within each 
template was provided to ensure that all the subjects had the 
letters at the same fixed location with respect to their posture 
and arm position. The participants were given a separate sheet 
for each letter Fig 2. The parameters obtained with respect to 
time t was 
 
 Coordinates (X(t), Y(t)) of the pen tip 
 Pressure P(t) applied against the pen tip by the tablet. No 

pressure is recorded if the pen tip looses contact with the 
tablet. 

 Orientations of the pen 1 (t) and 2 (t) where 1 is the 
angle between Z=0 plane and the orientation vector of the 
pen while 2 is the angle between the projection of the 
orientation vector on Z = 0 plane and Y axis (shown in 
Fig. 3).   

Preprocessing  
The attributes that were identified and collected for this study 
for skill transfer were cumulative speed, RMSE of the X, Y 
coordinates (with respect to a straight line) of stylus tip for 
positional difference in writing samples and the axial pen 
forces (APF). The profiles obtained for each of the above 

attributes was segmented into 10 equal windows. This made 
inter-and intra subject comparison easier. 
 

 
 

Figure 2.  
writing on template 

 
Positional Error 
Spatial comparison of each writing samples was performed by 
transposition of each writing sample to the origin followed by 
proportionate scaling where a fixed size bounding box is used 
and each sample proportionately scaled (PS) along its major 
axis Fig. 3 shows PS data of digitizer tablet pen tip. The PS 
data set was then normalized and interpolated such that all 
samples now contained the same number of data points.  
 

Figure 3.  Proportionate scaling of Tamil character (left) English 
letter (right) 

 
One of the common methods of finding the similarity between 
two profiles is to find the Root Mean Square Error (RMSE) 
between the profiles. The X (horizontal) and Y (vertical) 
profiles of the pen tip was divided into 10 windows and RMSE 
values were computed for each with respect to a predefined 
line.   
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Figure 4.   Plot of RMSE  for Tamil character  

  
Axial Pen Forces 
The force profile generated for each writing sample was 
computed as follows. Force applied to the paper surface can be 
resolved into components, a force normal to the writing plane 
(NPF) and a frictional force along the writing plane. The 
normal pen force (NPF) at t is  and the axial pen force 
(APF) at t  are related as shown in equation (1)  

 

=  sin( 1)        (1) 

 

Figure 5.   Reference coordinates used for data collection   

 
Calibration of the tablet to determine forces was done and a 
conversion factor C was determined. An experiment using a 
graduated sequence of known weights was used to do the 
same. 
 

                                                                 (2) 
 
Equation (2) gives that conversion actor C for force applied by 
digitizer table stylus tip, where P is the intensity level 
measured by tablet (1024 Pressure levels) and F is the force 
(Newton) measured by the load cell. In our experiment it was 
found out that 1pressure intensity equaled 0.0023N.   

 
Figure 6.  Force profile for letter S (six repetitive samples) 

 
Cumulative Speed 
The cumulative speed of writing Tamil character and English 
letter is depicted in Figure 3 (above). Each writing sample was 
segmented into 10 equal windows and the cumulative speed 
over windows was computed as the cumulative length of 
segments over total time. The fluency of writing was 
determined by comparing the consistency movement time 
profiles. 
 

                                (3)  
    
Here,  represents the cumulative speed,  is the vector 
location of the pen tip at time  is the number of segments 

of writing sample and  is the time stamp of the  segment. 
Equation (3) shows the cumulative speed by summation of 
speed in each  segment. 

 
Figure 7.  Cumulative Speed for Tamil character (six repetitive 

samples) 

 
Based on graphical analysis of the force, position and speed 
plots consistent behavior and patterns within experts was 
observed.   

X 

Y 

Z 
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III. RESULTS 
Our primary goal of analyzing the data was to statistically 

test if the writing parameters (force, speed, position) were 
consistent across participants, for two different characters  

the experiment section, the writing parameters of both the 
letters were extracted from two different sets of 11 experts. The 
data was normalized across the participants and was segmented 
into 10 time windows (the value of the writing parameter at 
every 10% of the total time to write the character). A three way 
ANOVA analysis was performed to test the consistency of the 
writing parameters against the independent variables of subject, 
time segment, trial (main effects), and their interactions, at a 
95% confidence interval.  

Result  
1) Main Effects 

Table 1 summarizes the ANOVA main effects results run 
on the four writing parameters, between the variables  subject, 
segmented time, trial. The results indicate that all of the main 
effects were significant  thus rejecting the notion that 
handwriting parameters are consistent across participants, 
segments or trials. The mean values of speed, force and X, Y 
coordinates were not consistent among participants. This could 
be attributed to qualitative differences in learning and training. 
But, it is not surprising that the main effect of time segment is 
significant across the writing parameters (Figure 8). Across the 
time of writing the character, speed and force vary. For 
instance, speed tends to increase as the character is begun, but 
slows down towards the final time segments, when the 
character ends (Figure 8). A similar trend is observed with 
force (Figure 9). The application of force increases as the time 
segment increases, but finally slows down towards the end of 
the character. Similarly, it intuitively makes sense that X and Y 
positions are different at different time segments  the character 

coordinates. It is however interesting that all the parameters are 
different across the six trials. While the graph indicates 
differences across trials, there was no pattern that would 
suggest effects due to learning or fatigue as the trials 
progressed.  

TABLE I.  MAIN EFFECTS RESULTS FOR CHARACTER  
WITH F STATISTICS 

Parameter Subject Trial Time 
Segment 

Speed 149.08* 7.30* 170.97* 
Force 317.75* 5.56* 539.58* 
X 83.65* 43.60* 1192.39* 
Y 56.50* 10.04* 1122.38* 

 

2) Interaction Effects  
The interaction effects between each of the three variables 

have also mostly yielded significant results (Table 2), showing 
significant participant x time segment, participant x trial, and 
trial x time segment interactions. These interactions suggest 

time segments or trials. However, although there are inter-
subject variations between most of the parameters, the overall 

subjects for different time segments (Figures 10). This suggests 
that although experts differ quantitatively in terms of the values 
of each handwriting parameter, the general trend of the 
parameters across time segments is qualitatively similar. Hence 
a mean value of each parameter within each time segment 
across subjects would yield us with a reasonable prototypical 
pattern of the distribution of expert parameters across time.   

TABLE II.  INTERACTION EFFECTS FORCHARACTER   WITH 
F STATISTICS 

Parameter Subject*Time 
Segment 

Subject*Trial Time 
Segment 

*Trial 

Speed 4.49* 7.29* 1.15 
Force 4.37* 5.64* 1.71* 
X 11.73* 8.78* 1.88* 
Y 18.87* 4.77* 0.91 

TABLE III.  MAIN EFFECTS RESULTS ON TAMIL CHARACTER 
WITH F STATISTICS 

Parameter Subject Trial Time Segment 

Speed 324.10* 19.14* 728.58* 
Force 2289.85*   18.52* 747.19*   
X 259.45* 6.31* 851.95* 
Y 6.43* 6.66* 337.95* 

 

Results for the Tamil character 
3) Main Effects 

Table 3 summarizes the ANOVA main effects results run 
on the four writing parameters, between the variables  subject, 
segmented time, trial. The results obtained are very similar to 
the main effects on the English charact

attributes tend to differ across time segments and trials, 
regardless of the type of character/language. Also note that, in 
addition to the main effect of time segment being significant 
across the parameters (Figures 8, 9), the trend of speed and 
force increasing with progression in time segment, and finally 
tapering at the final segments of time, matches that of the 
English character. This is a positive indication of the potential 
similarity in trends of handwriting parameters across different 
types of characters. And similar to the English character, the 
Tamil letter  is not a simple straight line and hence it makes 
that the X and Y positional coordinates vary at different time 
segments. Finally, while the parameters are significantly 
different across trials, there was no pattern that would indicate 
an effect of learning or fatigue.   

4) Interaction Effects 
Table 4 indicates the results of the interaction effects on the 

combination of the three variables run against the writing 

interaction effects between participants across time segments 
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and participants across trials have yielded significant results on 
all writing parameters. Thus it reinforces the result that among 

each time segment and within each trial. However, some 
parameters seem to be consistent across time segments, with 
each trial. The character 
case three parameters  force, X and Y positional coordinates 
are similar. This seems to imply that within each trial, the force 
and shape (X and Y coordinates) of the character show a 
consistent pattern with progression of time segments.  

TABLE IV.  INTERACTION RESULTS ON TAMIL CHARACTER S 
WITH F STATISTICS 

Parameter Subject*Time 
Segment 

Subject*Trial Time 
Segment 
*Trial 

Speed 28.72* 17.49* 1.43* 
Force 35.77*   5.72* 1.23 

X 12.04* 4.65* 0.88 
Y 6.56* 4.16* 1.19     

 

Finally, despite the inter-subject variations between the 

across different time segments is similar (Figures 11, 13). 
Therefore, it is reasonable to plot a prototypical distribution of 
expert parameters across time, similar to the English letter.  

IV. IMPLICATIONS/DICUSSION 
Handwriting is a fine motor-skill that goes through three 

stages of learning  1) initial skill acquisition, 2) skill 
compilation and 3) automaticity [9], [10]. The participants 
analyzed in this paper are experts operating at the skill level of 
automaticity, i.e., their writing is through smooth integration of 
their motor skills, without conscious attention or control [7]. 
This autonomous motor behavior is evident from the results; 
despite differences in the quantitative variations of the mean 
values of the writing parameters, the general qualitative pattern 
of the distribution is the same across all the participants. For 
the sake of brevity, we have presented the results of only two 
randomly selected characters in this paper, but the original 
study collected data on 14 different characters and the results 
and trends in the data was similar. This is indicative of the 
similarity of the motor program employed by all the experts 
without attributing conscious control. Therefore it implies that 
experts use a similar strategy for writing the characters. If the 
graphs showed no patters or trends it would have suggested not 
just quantitative differences in parameters but also employed 
different writing strategies. From the results, it is evident that 
this similarity in trends is present in two different scripts 
written by two different sets of experts, thus lending credence 
to validity of the results.  

This generic pattern of the handwriting parameters for the 
different characters can be used as evaluation criteria while 
training novices, since the prototypical trends define expert 
behavior in each of the handwriting parameters. Novices will 
go through the initial stage of skill acquisition by viewing the 
script of a language as a diagram to be replicated. Hence they 
are likely to follow declarative production rules with a heavy 

reliance on working memory to write the script [7]. With lack 
of autonomous, trained motor behavior, the differences in the 

distribution are expected to be markedly different from the 

that this principle can be extended to other manual skills 
requiring motor control and not just be restricted to 
handwriting.  

 

 
Figure 8.  Main Effects plots on speed  for Tamil character and 

English letter 

 
Figure 9.  Main Effects plots on force for Tamil character and 

English letter 

 
Figure 10.  Interaction plots on Speed for letter S 
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Figure 11.  Interaction plots on Force for letter S 

 
Figure 12.  Interaction plots on Speed for Tamil character 

 
Figure 13.  :Interaction plots on Force for Tamil character 

         ACKNOWLEDGEMENT 
This material is based upon work supported by the National Science 
Foundation under Grant No. 0632618. 

REFERENCES 
[1] R. Palluel-Germain, F. Bara, A. Hillairet de Boisferon, B. Hennion, P. 

Gouagout E. Gentaz A Visuo-Haptic Device - Telemaque - Increases 
Handwriting Acquisition Second Joint 

EuroHaptics Conference and Symposium on Haptic Interfaces for 
Virtual Environment and Teleoperator Systems (WHC'07), 2007. 

[2] Norali Pernalete, Sandra Edwards Ramakrishna Gottipati Eye-hand 
coordination assessment/therapy using a robotic haptic device ICORR 
2005.  

[3] 

Intelligent Interactive Learning Object Repositories (I2LOR), Montreal, 
QC, Canada, November 2007.  

[4] 
 

[5] Dangxiao Wang, Yuru Zhang Chong Yao Machine-mediated Motor 
Skill Training Method in Haptic-enabled Chinese Handwriting 
Simulation System, Intelligent Robots and Systems, 2006  

[6] C. Elisa, Van Den Heuvel, Gerard P. van Galen, Hans-Leo Teulings, 
Arend W.A., van Gemmert, Axial pen force increases with processing 
demands in handwriting  Acta Psychologica (Amst), 100, 145 159. 
Dasd, 1998. 

[7] 

Transactions on Systems: Man and cybernetics,1983. 
[8] Srimathveeravalli G, Gourishankar V, Kumar A and Kesavadas T 

Experimental Evaluation of Shared Control for Rehabilitation of Fine 

Engineering, Special Edition on Virtual Reality and Haptics, Vol 9,1 
(March 2009) 

[9] Anderson, J. R.. Acquisition of a cognitive skill. Psychological 
-406, 1982. 

[10] Fitts, P. M., & Posner, M. Human performance. Monterey,  CA: 
Brooks/Cole., 1967. 

 
 

3002



<<
  /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


