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Abstract— One of the most prominent methods used in 

handling the end process for materials-mixing is by having a 

dispensing system. An effective dispensing method using Pulse 

Width Modulation (PWM) at the end of the dispensing sequence 

with Artificial Immune System (AIS) automatic dispensing 

parameter fine tuning capability is proposed by optimizing the 

components of Dispensing Time and Stopping Time Delay to 

obtain constant and accurate reading from the precision balance 

scale. Based on the new dispensing sequence, experimental tests 

had been carried out using different materials with varying 

viscosities. The results denote that the combination of both PWM 

and AIS techniques would minimize the error rate for 

overshooting while exhibiting better accuracy. These are 

important in order to overcome the limitations of the 

conventional volumetric dispensing and manual parameter 

tuning presently applied in the dispensing system used in the 

coatings industry. 

Keywords— Pulse Width Modulation, Gravimetric, Blending, 

Antibody, Affinity Maturation, Mutation.  

I. INTRODUCTION

Manufacturers in the coating industry encounter difficulties in 

corrugated carton printing as the number of coatings used can 

be as high as 30 000. A solution to this problem called 

Blending was proposed and a typical range of 6 to 20 base 

ingredients can be blended to produce thousands of other types 

of coatings. In order to match the desired coatings, the printers 

must mix these base ingredients carefully and very accurately 

against a formula or mixing scheme from the coatings 

manufacturer.

The automatic fluid dispensing systems applied in the 

coatings industry are normally volumetric-based which 

operate by a measuring device (metering pump or other 

components) for each ingredient being dispensed. Volumetric 

system is susceptible to changes in temperature and air flow, 

which directly affect the end result in terms of accuracy, speed 

and quality. 

In order to resolve this setback, a gravimetric [1][2] and 

Pulse Width Modulation (PWM) [3][4] based controlled fluid 

dispensing system with Artificial Immune System (AIS) 

dispensing parameter fine tuning capability is developed. The 

proposed dispensing system would weigh each required 

material accurately and at a higher speed. This closed loop 

control method provides dispense data which is very useful for 

quality control, audit trail and quality-related problems 

diagnosis.  

Fig. 1 Flow Chart of the Proposed System Development 

The flow chart of the proposed fluid dispensing system is 

shown in Fig. 1. There are three major parts of the system. 

They are 

i. Dispensing software 

ii. Hardware design of a single valve gravimetric fluid 

dispensing system 

iii.AIS dispensing parameter fine tuning 
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II. DISPENSING SOFTWARE ARCHITECTURE

The dispensing software architecture consists of three major 

components shown in Fig. 2. 

Fig. 2 Dispensing Software Architecture 

A. Control of Dispensing Sequence 

The dispensing parameters and the four major modes used 

are depicted in Table I.  

TABLE I
DISPENSING PARAMETERS

Description Symbol 

Set Point for Big Flow to Small Flow a

Set Point for Small Flow to PWM Pulse b

Set Point for PWM Pulse to Spit Pulse c
PWM Coefficient d

Spit Coefficient e

Computing the time profile of the dispensing flow is 

important to optimize the dispensing sequence. The total 

dispensing time (TD) taken for the dispensing sequence as 

defined in Equation (1) is given by the summation of the 

process time (tp), stable scale delay (tssd), and read delay (td).

TD =  (tp + tssd + td)                               (1) 

The aim of the system is to reduce the dispensing time 

given by the objective function in (2). 

F = min TD                                       (2) 

B. Control of PWM Module 

The parameters used in PWM Pulse technique are depicted 

in Table II.  
TABLE II

PWM PULSE TECHNIQUE PARAMETERS

Description Symbol 

Stable Scale Delay tssd

Read Delay td

Accuracy Coefficient ACC 

The way of opening and closing of the dispense valve is an 

essential part of the PWM technique. First of all, a fast 

ejection of first pulse is needed to predict the subsequent 

pulses. Secondly, a tssd is required for the balancer to feedback 

on the weight of the first pulse. Once the first pulse has been 

dispensed, (3) would be applied on Subsequent PWM Pulse 

(SPP). 

SPP = tssd + (Target Weight - Achieved Weight) * d             (3) 

             Weight for first PWM Pulse 

SPP would evolve accordingly by means of adjusting the 

total dispensing time (TD) to achieve c accurately in the 

shortest possible time.  

Once c has been achieved, (4) would be used to calculate 

the Spit Pulse. 

Spit Pulse = (Target Weight – Achieved Weight) *ACC    (4) 

                              e

Spit Pulse would dispense according to ACC with td

applied in between each pulse to achieve the final Target 

Weight.  

The timing diagram depicting the PWM Pulse technique is 

illustrated in Fig. 3. The PWM pulse technique applied would 

optimize the accuracy factor. 

Fig. 3 Timing Diagram for PWM Pulse Technique 

III. GRAVIMETRIC DISPENSING HARDWARE SETUP

The Gravimetric Dispensing System setup is illustrated in 

Fig. 4. 

Fig. 4 Gravimetric Dispensing System Setup 
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IV. AIS DISPENSING PARAMETER FINE TUNING

A. Artificial Immune System – Clonal Selection for 

Optimization 

Artificial Immune Systems (AIS) are inspired by theoretical 

immunology and observed immune functions, principles and 

models, which are applied to engineering problem solving [5]. 

The clonal selection algorithm is a branch of AIS with 

principles extracted from clonal expansion and affinity 

maturation [6]. The clonal selection theory explains that when 

an antigen (Ag) is detected, antibodies (Ab) that best 

recognize this Ag will proliferate by cloning. This immune 

response is specific to each Ag.  

The immune cells will reproduce in tandem with a 

replicating Ag until it is successful in recognizing and fighting 

against this Ag. Some of the new cloned cells will be 

differentiated into plasma cells and memory cells. The plasma 

cells produce Ab and will undergo mutation that will promote 

their genetic variation. The memory cells are responsible for 

the immunologic response for future Ag invasion. 

Subsequently, the selection mechanism will keep the cells 

with the best affinity to the Ag in the next population. The 

process of a standard clonal selection algorithm can be 

characterized in pseudo-code format in Fig. 5. The summary 

of the clonal selection optimization is described in [7]. 

begin AIS 

   c:=0  { counter }  

   Initialize population  

   Do:            

      Compute affinity  

      Generate clones  

      Mutate clones  

      Replace lowest affinity Ab with a new randomly generated Ab 

     c:=c+1    

    end  

end AIS  

Fig. 5 Pseudo-code of the Clonal Selection Algorithm 

B. AIS Parameter Range Determination 

The experiment was conducted using the AIS parameters as 

shown in Table III. Note that the required size of population is 

relatively small as each given Ab is set within a fixed range as 

depicted in Table IV.  This would reduce the searching space, 

hence reducing the number of Abs and generations required 

for convergence. The flow chart of the AIS dispensing 

parameter fine tuning program is shown in Fig. 6. 

TABLE III

AIS PARAMETERS

Parameters Specification 

Population Size 20 

Clone Size Factor 2 
Maturation Rate 0.40 

Criteria Termination 30 Generations 

TABLE IV 

FINE TUNING RANGE DISPENSING PARAMETERS

Dispensing Parameters Symbol 
Max 

Range 

Min 

Range 

Set Point for Big Flow to Small Flow a 300g 500g 

Set Point for Small Flow to PWM Pulse b 50g 300g 
Set Point for PWM Pulse to Spit Pulse c 10g 50g 

PWM Coefficient d 0 5 

Spit Coefficient e 1000 2000 

Fig. 6 Flow Chart of the AIS Dispensing Parameter Fine Tuning 

Program 

C.Fitness Function 

The overall fitness function (F) consists of the fitness of 

accuracy (Fe) and speed (Fs) obtained from online 

measurement of the precision balancer and dispensing time.  

The fitness function is defined by (5) to (8).

F = 1 / {exp[ u Fes ]
v
}                        (5) 

Where  

Fes = Fe * Fs                                               (6) 

Fe = 1 / {1 - exp[ w (Accuracy)
x
]}            (7) 

Fs = 1 / {1 - exp[ y (Speed)
z

]}     (8) 
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The exponential function is applied in the AIS optimization 

process to allow the overall fitness function (F) to gradually 

reach the peak. Coefficient u determines the sensitivity of the 

fitness function (F). In this application, coefficients w and x

were set to -0.015 and 0.6 while coefficients y and z were set 

to -0.02 and 0.6. These settings are to prioritize the accuracy 

over speed in the overall fitness function (F). To further fine-

tune the overall exponential fitness, coefficients u and v are set 

to -0.3 and 0.45 

V.EXPERIMENTAL RESULTS

Three different types of fluids with varying viscosity as 

depicted in Table V were applied into the dispensing sequence 

for characterization and to establish the reliability of the 

system. 
TABLE V

VISCOSITY OF THE TESTED MATERIALS

Medium 
Viscosity at room temperature 

(pascal-second) 

A 8.94 × 10 4

B 1.06 × 10 3

C 0.81 

First of all, the dispensing parameters described in Table I 

are fine-tuned using AIS to obtain the optimum dispensing 

parameters for all the mediums. The system is then dispensed 

according to the array of antibodies which represent the 

solutions to obtain the primary fitness function. Thereafter, the 

primary fitness function will undergo selection and affinity 

maturation to obtain the best fitness in terms of accuracy and 

speed. 

Upon confirmation of the optimum dispensing parameters 

via AIS, the reproducibility and consistency of the dispensed 

weight after various dispensing events are evaluated by 

measuring the weight consecutively.  

The steps for the accuracy and speed test with PWM are as 

follows. 

Step 1:  Weight to Dispense: 5.2kg 

Step 2:  Set Point for Big Flow to Small Flow: last 200g 

Step 3:  Set Point for Small Flow to PWM Pulse: last 50g 

Step 4:  Set Point for PWM Pulse to Spit Pulse: last 10g 

Step 5:  PWM Coefficient: 1 

Step 6:  Spit Coefficient: 2000 

By applying the dispensing sequence using the optimum 

dispensing parameters (upon utilizing AIS dispensing 

parameter fine tuning), a consistent accuracy of +/- 2g is 

achieved. Result of the reproducibility obtained for a 5.2 kg 

batch with comparison to random tuning is displayed in Fig. 7, 

Fig. 8 and Fig. 9. 
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Fig. 7 Accuracy Test Using Optimum Dispensing Parameters for 

Medium A
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Fig. 8 Accuracy Test Using Optimum Dispensing Parameters for 

Medium B
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Fig. 9 Accuracy Test Using Optimum Dispensing Parameters for 

Medium C 
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VI. CONCLUSION

The introduction of an innovative fluid dispensing system 

with AIS dispensing parameter fine tuning has facilitated the 

user to automatically and optimally configure the dispensing 

parameters without going through the hassle of manual tuning. 

Good agreement has been found between the performance of 

the proposed dispensing technique and the experimental 

results. Furthermore, the implementation of AIS on the 

dispensing parameters fine tuning process optimizes the 

dispensing process for mediums with different viscosity as 

well as shortens the time scale for manual tuning. As far as 

accuracy is concerned, consistent and desired results have 

been achieved. Moreover, users without the technical 

knowledge of dispensing system can quickly adapt themselves 

into using the system knowing that the system itself has 

achieved optimum parameters that enable them to produce 

good result. In this way, it is possible for inexperienced and 

experienced users to achieve more dynamic operation of 

dispensing. 

ACKNOWLEDGMENT

The authors would like to thank The Ministry of Higher 

Education Malaysia for the financial support under 

Fundamental Research Grant Scheme No. 

FRGS/2010/FKEKK/TK03/1 - F0085. 

REFERENCES  

[1] R. Steger, P. Koltay, G. Birkle, T. Strobelt, H. Sandmaier, R. Zengerle, 
“Two-Dimensional Array of Piezostack Actuated Nanoliter Dispensers”, 

Actuator 2002, 8th International Conference On New Actuators, 

Bremen, Germany, 2002. 
[2] W. Pöschel, R. Engel, “The Concept of a New Primary Standard for 

Liquid Flow Measurement at PTB Braunschweig”, FLOMEKO ‘98, 9th 

International Conference on Flow Measurement, Lund, Sweden, 1998. 
[3] P. Bowler, “Pulse Width Modulation For Induction Motor Drives”, 

Proceedings of the First IEEE International Caracas Conference on 

Devices, Circuits and Systems, Caracas, Venezuela, 1995. 
[4] I.G. Foulds, R.W. Johnstone, “A Pulse Width Modulation Controlled 

Bistable Micro Electro Mechanical System”, CCECE05, 18th Canadian 

Conference on Electrical and Computer Engineering, Saskatchewan, 
Canada, 2005. 

[5] L. N. De Castro, and J. Timmis, Artificial Immune Systems: A Novel 

Paradigm to Pattern Recognition. Corchado, JM, Alonso, L and Fyfe, C 
(eds) Artificial Neural Networks in Pattern Recognition, SOCO-2002. 

University of Paisley, UK, 67–84. 

[6] L. N. De Castro, J. V. and Zuben, “Learning and Optimization using 
Clonal Selection Principle”, IEEE Trans on Evolutionary Computation, 

Special Issue on Artificial Immune Systems, vol. 6, no. 3, pp. 239-251, 

2002. 
[7] L. N. De Castro, and J. Timmis, Artificial Immune Systems: A New 

Computational Approach. New York: Springer-Verlag, 2002. 

410 2011 11th International Conference on Hybrid Intelligent Systems (HIS)



<<
  /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 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

  /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


