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Abstract—Tomography is a cross-sectional distribution of 
materials in some region of interest such as cross-section of a 
pipeline. The technology is widely applied in order to optimize 
the production efficiencies in process industries that uses 
pipeline for conveyance. In this paper the elements’ and 
coordinates interpolation techniques of the finite-element 
method; Cartesian coordinate system, Gauss and Coulombs 
electrostatic laws were applied to model the system equation 
with sixteen electrodynamic sensors. However, Matlab 
program was designed to structurally mesh cross-section of the 
conveying pipeline into triangular elements which serves as the 
image pixels. From the modeled system equation, charge 
spatial sensitivity map for the problem domain was made. The 
sensitivity matrix obtained, was used to reconstruct the 
tomography image of the moving particles using Filtered Back 
Projection and Pro-rata distribution concepts. The 
combination of the filtered back projection and Pro-rata 
distribution concepts introduced in the paper, gave a good 
tomographic image that shows the concentration profile of 
moving particles through pipeline. 

Keywords—Cartesian-coordinates; finite-element method; 
filtered back projection; tomography; sensitivity matrix; pro rata 
distribution 

I.  INTRODUCTION  
Tomography determines distribution of materials in some 

region of interest [1] such as cross-section of a conveying 
pipeline, by the use of sensors which captures information 
on particles moving through a pipeline. However, when 
charged particles travel through a sensing area where 
electrostatic sensors are installed, an erratic electrostatic 
field is created by charges carried by the particles, leading to 
induced charges on the sensors. Consequently, flow 
parameters, such as velocity, mass flow rate, size and 
tomographic images of the particles can be obtained using 
suitable sensors in combination with appropriate signal 
processing and analyzing equipments and technologies [2-
4]. Conveyance of coal in coal power plants, cement powder 
in cement industries, flour and grains in food processing 
industries are some of the practical applications of pipeline 
conveyance. In order to optimize production efficiencies of 
these industries, information on flow regime, particle sizes 
and concentration profile of the convey particles is 
necessary [5]. To determine the material distribution using 
tomography principle, several methods that avoid physical 

contact with measured materials have been proposed [6]. 
The problem of tomographic imaging of multiphase flow is 
accuracy of the produced charge distribution within the 
measurement domain [7] where concerted efforts have been 
made to improve quality of the image among which is the 
neural network [8] and Fuzzy logic [9], with no specific 
solution to problem of charge distribution. 

Finite-element methods were employed in tomographic 
imaging techniques, where software packages were used for 
modelling, and are reported in some journals such as [10-
13] but not on electric charge tomography. The available 
works [14-17] on electrostatic sensors using FEM are 
mostly on flow parameters such as velocity, mass flow rate 
and parameter selections; not specifically on tomography. In 
those works, FEM software packages were used for 
automatic generation of mesh elements and analysis. The 
generated mesh in those applications covered everywhere 
including the pipe-section; which is not necessary in 
tomography that requires only cross-sectional distribution of 
particles' parameters. In this paper 16 electrodynamic 
sensors were used by which forward modeled system 
equations is developed using Cartesian coordinate 
techniques. The use of Cartesian coordinates system is to 
ensure that, accurate charge distribution within a sensing 
zone is achieved. However, a two dimensional induced 
charge model for each of the 16 arrays of electrostatic 
sensors; installed around a conveying pipeline, using the 
elements’ techniques of finite-element method (FEM) is 
presented. In developing the model, sensing domain (cross-
section of conveying pipeline) was structurally meshed into 
triangular mesh elements using Matlab computer program. 
On each of the meshed elements, Gauss and Coulombs laws 
were applied to develop the system equation for charge 
distributions. From the developed system equation, charge 
spatial sensitivity map of the problem domain was 
generated. The sensitivity map is in form of [m×n] matrix 
called the sensitivity matrix. The sensitivity matrix is further 
filtered and normalized for the image reconstruction. The 
concentration profile otherwise known as tomography is 
constructed by the use of filtered back projection (FBP) and 
the proposed pro-rata distribution (PRD) techniques. The 
PRD is a well established concept in accounting financial 
[18] analysis. The introduced techniques, gave a good 
representation of particles distribution across the pipe cross-
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section. 

II. MATERIALS AND METHODS 

A. Experimental Test Rig  
When particles moves through a pneumatic pipeline, the  

interaction between the particles, pipe-wall and transporting 
gas, creates electrostatic charges on the particles [19]. 
Electrodynamic sensors detect these charges. The detected 
charges are used for flowing particles' concentration profile, 
through the application of appropriate tomography 
technology. The typical electrodynamic sensor consists of a 
plain metal rod called electrode, and supporting signal 
conditioning circuits. The charge detected by 
electrodynamic sensor-electrode is transduced into voltage 
and captured through data acquisition module. Fig. 1 shows 
the experimentation equipments. To obtain different flow 
regime for experimental purpose, pipe cross-section where 
capturing of data are performed, were constructed as shown 
in Fig. 1 (a). The constructions is made up of different 
shapes of baffle controlling pegs for each flow regimes 
(quarter-flow, half-flow and three-quarter-flow), with 
exception of full flow which does not require baffling. 

 

 
Figure 1. (a) Baffle section showing flow control mechanism (b) Data 

capturing section of the rig 

B.  The Sensor Configuration 
Fig. 2 show schematic diagrams of sensors' 

configurations used in the Modeling. The 16 sensors are, 
equally spaced on the circumference of the pipe. The 
electrode protrudes through outer surface of the pipe and 
aligned with inner surface. 

 
Figure 2. (a) Pipeline with the sensors installed at a point around the 

circumference (b) Pipe cross-section with the 16 sensors installed (c) the 
Pin electrostatic sensor. 

C.  Discretization of the Sensing Domain into Finite 
Elements 

The finite element method involves subdivision of 
problem domain into many subdivisions, and each 
subdivision is called a finite-element or computational mesh 
[20, 21]. A Matlab program was designed and used to mesh 
the pipe cross-section, into triangular mesh elements, which 
serves as image pixels for the tomography image 
reconstruction. The program also installed and spaced the 16 
electrodynamic sensors around the circumference of the 
pipe as shown in schematic diagram of Fig. 3. 

 

 
Figure 3.  Meshed Pipe cross-section 

III.  THE MATHEMATICAL MODELING 
The modelling of the system equations involved a 

formulation of the relationship between the electrostatic 
fields due to charges on each of the finite-elements and the 
sensor's electrodes as in Fig. 3. According to Green [22], the 
presence of charge/s at any location in a pipe cross section, 
affects the output of all sensor's array installed around the 
sensing zone of a pipeline. The system equation is modelled 
to quantify the effects of the charges in any of the elements 
in the sensing zone as sensed by the installed sensors as in 
(1). 
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In modelling of the system equation, it was assumed 
that, the particles move parallel to Z axis of the pipe whose 
radius is rp. As can be seen in Fig. 3, an exaggerated 
reference element of the domain ei(xi, yi) lying on the same 
plane is shown with sensors Sj(xj, yj) installed equally 
spaced from each other on the circumference of the pipe. 
The detailed derivation of the equation is in [23]. 
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where Qi,j(s) = Charge on ith element as sensed by  

jth sensor 
(xi, yi) = X and Y central coordinates of 

ith element 
(xj, yj) = X and Y Central coordinates of the jth  

 = Charge density on the cross-section of the 
pipeline in Cm-2 

rp = Pipeline radius  
rs = Sensor Radius. 

The discretization program gives only coordinates of 
the elements nodes from which central coordinates were 
obtained by applying space coordinates interpolation 
techniques of FEM [24] given in (2). 
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where xei, and yei  = central coordinates of ith element  
whose x and y nodes coordinates 
are x1

ei, x2
ei , x3

ei and y1
ei, y2

ei, y3
ei 

respectively.  
The obtained central coordinates of elements and 

sensors were also used in deriving (1). 

E. The Tomographic Image Reconstruction Procedure 
The system's equation (1) was used to generate 

sensitivity matrix of [m×n]. The matrix filtering proposed 
by Rahmat [25] was applied in order to improve signal to 
noise ratio for signal from particles around the centre of the 
pipe cross-section. The filtering involves taking maximum 
value of pixel (Smax) in sensitivity matrix S and divide by 
each value of pixel (Si), as in (3). 
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Ill pose is one of the problems of tomography imaging 

where a small change in data results in outrageous change in 
the result [4]. To address the ill pose problem, a pro-rata 
distribution approach, mostly applied in financial 
accounting analysis is applied. In financial accounting 
analysis, PRD is the distribution of revenues, expenses, 

assets, liabilities, or other items among investors, based on 
the individual participation [18]. However in the image 
reconstruction, we employed the PRD approach by which 
the voltage captured by each sensor is taken as the total 
voltage contributed by individual elements of the domain to 
the reference sensor. The measure of contribution of each 
element to a sensor is the sensitivity matrix of the system. In 
PRD, if n people contributed m= k1+k2+……+kn, amount of 
money to invest in a venture and if the venture yielded a 
profit of P amount; the profit sharing among the investors in 
Pro-rata is as in (4) [18]. 
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where pi(n) is the share of the ith person from the total 
profit of P. Applying the concept in the image 
reconstruction, the total sensitivity matrix per sensor 
obtained from the model system equation is taken as the 
contribution of each mesh element on the domain to the 
reference sensor, due to the charges carried by the moving 
particles. The extract from the normalized filtered 
sensitivity matrix showing the contribution factor of each 
elements of the domain to respective sensors is shown on 
Table I. The table also shows the central coordinates of the 
elements and sensors.  

TABLE I.  EXTRACT FROM NORMALIZED FILTERED 
SENSITIVITY MATRIX 

Elements and 
its Central 
Coordinates 
(ei)b 

Sensors and its Central Coordinates Qa
sn (Sn)c 

S1(0.50,
-0.21) 
QS1(C) 

S2(0.38,-
0.38) 

QS2(C) 

S3(0.21,-
0.50) 

QS3(C) 

 S16(0.5
0,0) 

QS16(C) 
e1(-0.46, 0.09) 0.858 0.826 0.823 --- 0.888 
e2(-0.36, -0.32) 0.727 0.620 0.530 --- 0.836 
e3(-0.47,0.07) 0.855 0.817 0.808 --- 0.890 
e4(-0.32,-0.42) 0.716 0.591 0.480 --- 0.845 

- - - - - - 
e2394(0.39,-0.36 0.152 0.017 0.200 --- 0.330 

 
 
 
Based on (4) the image matrix is obtained using (5) 

which is the basic PRD equation.  The extract from the 
image matrix is shown on Table II as an example, for 
quarter flow regime. The voltage captured by each sensor 
during different flow regimes are divided proportionate to 
the value of the sensitivity matrix of each element per 
reference sensor. 
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where Ai,j is the image matrix, Sm

i,,j is sensitivity of the jth 
sensor due to charges on the ith element, while m and n are 
the total number of elements and sensors respectively. 

a. Charge sensed by reference sensor
b. Elements and its central coordinates 
c. Sensors and its central coordinates 
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TABLE II.  EXTRACT FROM IMAGE MATRIX OBTAINED 
USING THE PRO-RATA 

Elements and 
its Central 
Coordinates 
(ei)b 

Sensors and its Central Coordinates Vd
sn (Sn)c 

S1(0.50,
-0.21) 
VS1(v) 

S2(0.38,-
0.38) 
VS2(v) 

S3(0.21,-
0.50) 
VS3(v) 

 S16(0.5
0,0) 

VS16(v) 
e1(-0.46, 0.09) 2.34e-

05 
4.21e-05 2.82e-05 --- 0.888 

e2(-0.36, -0.32) 2.76e-
05 

5.61e-05 4.38e-05 --- 0.836 

e3(-0.47,0.07) 2.35e-
05 

4.26e-05 2.87e-05 --- 0.890 

e4(-0.32,-0.42) 2.80e-
05 

5.89e-05 4.84e-05 --- 0.845 

- - - - - - 
e2394(0.39,-0.36 0.152 0.017 0.200 --- 0.330 

 
 
 

IV. RESULTS  

A. Results of the System's Developed Computer Program 
The developed Matlab program produced the structured 

meshed domain of 2394 triangular elements with 1255 
nodes as shown in Fig. 4. The Sensitivity matrix of the 
system was obtained based on the program data and the 
parameters of the experimental equipments such as, the 
pipeline radius rp (54mm) and the sensor radius rs (2.4mm). 
The assumed equal charge density distribution  of 1 Cm-2, 
generated by the moving particles was also made. The 
sensitivity matrix was filtered, normalized as shown on 
Table 1 and use to obtain the PRD of the captured voltage 
which is the image data matrix. The extract from the table is 
also shown on Table 2 for quarter flow regime. 

 

 
Figure 4. (a) Meshed domain with sensors (b) Plot of element 

central coordinates 

B. Plots of the captured data and the reconstructed images 
The histograms of the voltages captured by the sensors 

for the four different flow regimes are presented in Fig. 5. 
Presented in Fig. 6 also, are the three dimensional surf plots 
of the image data for the four flow regimes. Fig. 7 present 
the 2-D scaled data images for the four flow regimes while 
Fig. 8 shows the photograph of the particles flow in a full 
flow regime. 

 

 
Figure 5.  Plot of the voltages captured by the sensors at different flow 

regimes 
 

 
Figure 6. 3-D Surf Plots of the Image Data for the Different 

Flow Regimes. 

d. Voltage captured by reference sensor Sn
b. Elements and its central coordinates 
c. Sensors and its central coordinates
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Figure 7. 2-D scaled data images: (a) scaled data image for quarter flow 
(b) scaled data image for half flow (c) scaled data image for three quarter 

flow (d) scaled data image for full flow. 
 

 
Figure 8.  Photograph of the particles captured during full-flow 

V. DISCUSSION AND CONCLUSIONS 
The particles moves as a stream through the pipeline 

where the magnitude of charges carried on the particles are 
captured by electrodynamic sensors installed around the 
sensing zone. The results figure demonstrated particles' flow 
pattern for four different flow regimes. The elements are 
distributed equally on the sensing domain as shown in Fig. 
4. Therefore, the 3-D surf plots of the inferred image data 
are in respect of elements and sensors, where Y axis shows 
elements and sensors are presented on X axis. It is worth 
observing that, the particles distribution in the cross-section 
of the pipeline is not homogeneous as can be seen in Fig. 8. 
This assertion is clearly shown in the capture voltages 
presented in form of histograms of Fig. 5. To obtain the 
images as good as they are, the sensing electrodes were 
installed close to the flow control peg as can be seen in Fig. 
1 (a). Other observation made in the cause of the experiment 
was that, when particles hit the flow control peg, the 
particles scatters due to gravitational force making the 

induced charges complicated. 
To address the problem of particles position 

determination highlighted by Machida and Scarlett [26] the 
Cartesian coordinate system was applied. Also highlighted 
[26] is the poor image due to large pixel sizes which was 
also addressed by applying elements’ techniques of finite-
element method (FEM), by which image pixels sizes can be 
made as small as required to be limited by size and speed of 
computer system used. Comparing the photograph of Fig. 8, 
histograms of the captured voltage of Fig. 5; the 
reconstructed tomographic image of Fig. 6 and 7 clearly 
demonstrated the positional distribution of the moving 
particles across the pipe cross-section. Tomography is 
inverse problems whose data are ill pose [4]. To address the 
ill-pose problem a marvelous and simple approach which is 
PRD concept, was introduced in conjunction with sensitivity 
matrix filtering, proposed by Rahmat [25]. The PRD 
concept employed solved the ill-pose problems as the 
reconstructed image really presented the correct distribution 
of the particles without going through the rigorous 
mathematical complication done in [4]. However, Matlab 
program was developed and used in actualization of the 
concepts. The resulting images from the experiment 
conducted on four different flow regimes, show high quality 
tomographic images of particles distribution through the 
pipeline under gravity. The idea presented in this paper can 
effectively be applied in monitoring solid particles 
movement in pneumatic pipeline conveying system. 

 

ACKNOWLEDGMENT 
Authors are grateful to the Ministry of Higher Education 
Malaysia and Universiti Teknologi Malaysia (UTM) for 
supporting the work through the Research University Grant 
Tier 1. 

REFERENCES 
[1] Y. Trevor, "Status of electrical tomography in industrial 

applications," J. Electron. Imaging, vol. 10, pp. 608-619, 2001. 
[2] P. Intra and N. Tippayawong, "An Electrostatic Sensor for 

Nanometer-Sized Aerosol Particles Detection," presented at the 
Asia-Pacific Symposium on Applied Electromagnetics and 
Mechanics, Siam City Hotel, 2008. 

[3] M. F. Rahmat and N. S. Kamaruddin, "An electrodynamic sensor for 
electrostatic charge measurement," International Journal on Smart 
Sensing and Intelligent Systems, vol. 2, pp. 200-212, 2009. 

[4] M. F. Rahmat, M. D. Isa, K. Jusoff, T. A. Hussin and S. M. Rozali, 
"Image Reconstruction Algorithm for Electrical Charge Tomography 
System," American Journal of Applied Sciences, vol. 7 pp. 1254-
1263, 2010. 

[5] Y. Yong, "Mass flow Measurement of bulk solids in pneumatic 
pipeline," Meas. Sci. Technol., vol. 7, pp. 1687-1706, 1996. 

[6] C. Xu, J. Li, H. Gao and S. Wang, "Investigations into sensing 
characteristics of electrostatic sensor arrays through computational 
medelling and practical experimentation," Journal of electrostatics, 
vol. 70, pp. 60-71, 2012. 

[7] B. Zhou, Z. Jianyong, X. Chuanlong and W. Shimin, "Image 
reconstruction in electrostatic tomography using a priori knowledge 
from ECT," Nuclear Engineering and Design vol. Vol. 241, pp. 
1952-1958, 2011. 

[8] M. F. Rahmat, H. A. Sabit and R. Abdul Rahim, "Application of 
neural network and electrodynamic sensor as flow pattern identifier," 
Emerald Article: Sensor Review, vol. 30, pp. 137–141, 2010. 

94 2013 IEEE 8th Conference on Industrial Electronics and Applications (ICIEA)



[9] M. F. Rahmat and N. S. Kamaruddin, "Application of fuzzy logic 
and electrodynamic sensors as flow pattern identifier," Emerald 
Article:Sensor Review, vol. 32, pp. 123 - 133, 2012. 

[10] K. S. Nirmal, K. D. Paulsen, H. Dehghani and A. Hartov, "Finite 
Element Implementation of Maxwell’s Equations for Image 
Reconstruction in Electrical Impedance Tomography," IEEE 
Transactions On Medical Imaging, vol. 25, pp. .55-61, 2006. 

[11] D. Chen, L. Wang and Y. Chen, "Analyses and simulation of sensor 
structure parameters for electrical capacitance tomography system," 
in SPIE, 2007, pp. 6621071-6621079. 

[12] T. Tanja, V. Marko and R. A. Simon, "Image Reconstruction in 
Optical Tomography Using the Finite Element Solution of the 
Radiative Transfer Equation," Optical Society of America, 2010. 

[13] G. N. Alejandro, Y. Wuqiang and H. Kathleen, "An analytical 
approach for modelling electro-magnetic tomography sensor," 
Emerald Article: Sensor Review, vol. 28, pp. 212-221, 2008. 

[14] J. Krabicka and Y. Yong, "Finite Element modeling of Intrusive 
Electrostatic Sensors for the Measurement of Pulverised Fuel 
Flows," presented at the IEEE Instr. and Meas. Tech. Conf.-IMTC, 
Warsaw, Poland, 2007. 

[15] J. Krabicka and Y. Yong, "Finite-Element Modeling of Electrostatic 
Sensors for the Flow Measurement of Particles in Pneumatic 
Pipelines," Instrumentation and Measurement, IEEE Transactions, 
vol. 58, pp. 2730-2736, 2009. 

[16] Z. Wenbiao, W. Chao and W. Yulin, "Parameter Selection in Cross-
Correlation-Based Velocimetry Using Circular Electrostatic 
Sensors," Instrumentation and Measurement, IEEE Transactions on, 
vol. 59, pp. 1268-1275, 2010. 

[17] S. Jiaqing, J. Krabicka and Y. Yong, "Velocity Measurement of 
Pneumatically Conveyed Particles Using Intrusive Electrostatic 

Sensors," Instrumentation and Measurement, IEEE Transactions on, 
vol. 59, pp. 1477-1484, 2010. 

[18] F. Jonathan and L. Jeremy, "Pro-Rata Matching in One-Tick 
Markets," ed. London, 2012, pp. 1-29. 

[19] P. Lihui, Z. Yan and Y. Yong, "Characterization of electrostatic 
sensors for flow measurement of particulate solids in square-shaped 
pneumatic conveying pipelines," Sensors and Actuators Journal 
ELSEVIER  vol. A 141, pp. 59-67, 2008. 

[20] H. Stanley. (2010, 5th February, 2011). Finite-Element Methods in 
Electromagnetics. Available: http://www.fieldp.com/sate.html 

[21] W. K. Young and B. Hyochoong, The Finite Element Method Using 
Matlab, Second ed. Washington, D.C.: CRC Press, 2000. 

[22] R. G. Green, M. F. Rahmat, K. Evans, A. Goude and M. Henry, 
"Concentration profiles of dry powders in gravity conveyor using an 
electrodynamics tomography system," Measurement Science 
Technology, vol. 8, pp. 192-197, 1997. 

[23] I. T. Thuku, M. F. Rahmat, T. Tajdari, N. Abdul Wahab and A. A. 
Yusuf, "2-D Finite-Element Modeling of Electrostatic Sensor for 
Tomography System," Emerald: Sensor Review, vol. 33 (2), 2013. 

[24] A. C. Polycarpou. (2006, 17/4/2011). Introduction to the Finite 
Element Method in Electromagnetics (1st ed.). Available: 
www.morganclaypool.com 

[25] M. F. Rahmat, M. D. Isa, A. R. Ruzairi and A. R. H. Tengku, 
"Electrodynamics Sensor for the Image Reconstruction Process in an 
Electrical Charge Tomography System," Sensors, vol. 9, pp. 10291-
10308, 2009. 

[26] M. Masashi and S. Brian, "Process Tomography System by 
Electrostatic Charge Carried by Particles," Sensor Journal IEEE vol. 
5 pp. 251-259, 2005. 

 

2013 IEEE 8th Conference on Industrial Electronics and Applications (ICIEA) 95



<<
  /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 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize 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 901
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50055
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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 901
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50055
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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 901
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50055
  /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>
    /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


