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Abstract This study describes the development of pro-

cess monitoring system in drilling process in high speed

machining center. The system monitors the several state

variables of the cutting process of a drill. However, the

thrust force and torque signals have been chosen to detect

and monitor the drilling process, the acoustic emission

signal has been also analyzed. Experimental data have

allowed defining statistical behavior of the variables for

non-fault conditions, tool wear and breakage. The new

approach in this project is to use the standard data acqui-

sition software LabVIEW for the purpose of data collec-

tion, signal analysis, decision making and sending back the

message to the machine.

Keywords Process monitoring � Drilling process � High

speed machining center � LabVIEW � CNC

1 Introduction

Development of a methodology for process monitoring is

now playing an important role in the manufacturing world.

The increasing demands, such as quality control, cost

reduction, are driving the performance of modern machine

tools require the improvement of methods for process

monitoring and control. Guaranteeing reliable production

process and stable product quality is of central importance

to industry (Smith 1993). This paper is one part of the

development of process monitoring system in OpenCNC

controller in high speed machining centre, focusing on the

drilling process for several kinds of drills. Although

numerous amount of process monitoring systems and many

ideas have been presented in many research organizations

and become available on the market, but none of them is

not completely perfect for all ranges of the system. This

paper describes a new inspiration of LabVIEW software for

signal acquisition and feature extraction purpose in moni-

toring system. The sensor signals from the OpenCNC

machine process are acquired via DAQ card and then

feature extraction and decision-making steps are done in

LabVIEW (Thyer 1988). The final monitoring system is

integrated to OpenCNC machine via the signal output of

DAQ card. One of the objectives of this paper is that it

becomes a reference to any similar research work, doing

with LabVIEW standard software.

2 Proposed monitoring system

Many adaptive monitoring methods have been proposed

with multiple constraints corresponding objective line tool

wear, tool breakage or accuracy (Abele et al. 2002; Al-

Habaibeh et al. 2002; Narayanan et al. 1994). But most of

them are often effective only for the limited range of

machining. This means that adequate adaptive methods,

which suit each situation, should be selected, especially for

the machine centres. The monitoring system should have to

be open system for the unknown tool process. Here in this

project, it monitors the drill tool condition by the analysis

of the cutting force and cutting torque which acquired from

the process simultaneously. The proposed open system is

shown in Fig. 1.
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This method measures the process signals (e.g. Thrust

Force and Torque) during machine and identifies the pro-

cess features (peak value, average value and standard

deviation) from the measured process data. The identified

process features are used to determine the initial cutting

condition for the next operations. This initial condition is

stored on the disk and is used to identify the next process.

In addition to that, it is quite important to select an ade-

quate adaptive monitoring method. In step 1, the initial

drilling process signals (Thrust Force, Torque) are set to

initial reference values. Peak level, Average value and

standard deviations are calculated and saved as standard

value. In step 2, during machining with cutting conditions

set in the step 1, the process signals are measured and

stored in the memory. At the same time the process char-

acteristics are extracted. In the step 3, the process identi-

fication is evaluated decide whether the process is stable or

not, means that whether the level of present signal is high

or not. In step 4, the current status is checked and if it is the

critical condition, the error message is sent to the machine

immediately. By this way, the system works repeatedly

until the process is critical condition or operator stops the

monitoring system.

3 Strategy of tool breakage monitoring system

The main objective of this project is to set up the process

monitoring system, to fulfil this objective, initially the

signal processing strategy is needed to be developed. Fig. 2

describes the flow diagram of the signal analysis strategy

for the tool breakage monitoring.

3.1 Collection of process fault data

At the beginning, the signals from tool breakage are ana-

lyzed (Liang et al. 2002). These signals are collected from

the tool endurance test by using several strategies in the

process. Determination of the peak value changes in the

borehole cycles between the initial value and final value

are calculated in Table 1. The second column in Table 1

represents the file name of measurement data. Several tool

endurance tests have been carried out for the purpose of

feature extraction in deep hole drilling. The abrupt changes

of Torque and Force are analysed by comparing initial

value and maximum value at tool breakage condition, see

in Figs. 3, 4, 5 and 6 and Table 1 shows this analysis in

detail.

3.2 Decision making part

Based on these facts which described above analysis, the

decision making part can be built up as follows:

3.2.1 Input states

F Current Force value from the process

T Current Torque value from the process

F_R Force Ratio between initial value and current value

that is calculated from the process signal

T_R Torque Ratio between initial value and current

value that is calculated from the process signal

3.2.2 Output states

Critical condition Stop the process after finishing the

present working cycle and a pulse

signal is sent to Digital Output Pin 1

Fig. 1 Data flow for the cutting drill condition determination

Fig. 2 Flow chart for tool breakage monitoring signal analysis
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Stop the process Stop the Process immediately and a

pulse signal is sent to Digital Output

Pin 0

3.3 Operator define values or default values in rules

3.3.1 If, Then rules (The limits are defined for KHSS-E

drill)

Rule 1: If F is greater than 200 N Then send the mes-

sage ‘‘The tool is in Critical Condition, stop the

process after the present working cycle’’ and

Send the pulse signal to Digital output pin 0 of

DAQ card.

Rule 2: If T is greater than 0.15 Nm Then send the

message ‘‘The tool is in Critical Condition, stop

the process after the present working cycle’’ and

Send the pulse signal to Digital output pin 0 of

DAQ card.

Table 1 The analysis of force and torque signals in broken tools

No. File name Thrust force (N) Torque (Nm) Bore-hole

Initial value Maximum value % Increment Initial value Maximum value % Increment

1 D07-b-03 84.039 111.520 133 0.0422 0.2675 634 4

2 D07-c-03 83.496 358.398 429 0.0416 0.2465 592 4

3 D11-c-02 87.470 190.660 218 0.0396 0.4997 1262 1

4 D08-a-03 79.345 244.870 308 0.0356 0.3980 1118 1

5 D12-c-01 58.590 179.440 306 0.0407 0.3718 914 1

6 D22-c-01 54.715 306.990 561 0.0317 0.3313 1045 1

7 D24-a-01 43.025 134.408 333 0.0232 0.3085 1330 3

8 P03-c-01 59.570 135.740 228 0.0466 0.2316 497 3

9 P03-c-02 93.990 166.303 177 0.0495 0.2060 416 3

10 P03-c-03 60.258 163.580 272 0.0425 0.2157 507 5

11 P04-a-02 107.43 265.136 247 0.0788 0.1767 224 1

12 P04-d-03 57.480 147.375 256 0.0290 0.1270 438 3

13 P04-e-02 99.480 273.260 275 0.0514 0.1799 350 6

14 P04-e-03 53.410 247.510 463 0.0283 0.1328 469 7

15 P04-d-05 75.540 224.120 297 0.0337 0.2065 612 3

16 P05-e-01 77.860 197.588 254 0.0374 0.1699 454 4

17 P07-b-02 85.090 215.570 253 0.0577 0.2890 501 1

18 P07-d-01 57.400 105.957 185 0.0246 0.1800 732 1

19 P08-d-01 56.410 96.670 171 0.0370 0.2778 751 1

Fig. 3 Thrust Force signal from the file P03-c-01.dat

Fig. 4 Torque signal from the file P03-c-01.dat

Fig. 5 Thrust Force signal from the file P03-c-02.dat
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Rule 3: If F_R is greater than 200% Then send the

message ‘‘The tool is in Critical Condition, stop

the process after the present working cycle’’ and

Send the pulse signal to Digital output pin 0 of

DAQ card.

Rule 4: If T_R is greater than 200% Then send the

message ‘‘The tool is in Critical Condition, stop

the process after the present working cycle’’ and

Send the pulse signal to Digital output pin 0 of

DAQ card.

Rule 5: If F is greater than 200 N and T is greater than

0.15 Nm Then send the message ‘‘Stop the

process immediately.’’ and Send the pulse signal

to Digital output pin 0 of DAQ card.

Rule 6: If F is greater than 200 N and the force

increment ratio is greater than 200% Then send

the message ‘‘Stop the process immediately.’’

and Send the pulse signal to Digital output pin 1

of DAQ card.

Rule 7: If F is greater than 200 N and torque increment

ratio is greater than 200% Then send the

message ‘‘Stop the process immediately.’’ and

Send the pulse signal to Digital output pin 1 of

DAQ card.

Rule 8: If T is greater than 0.15 Nm and F_R is greater

than 200% Then send the message ‘‘Stop the

process immediately.’’ and Send the pulse signal

to Digital output pin 1 of DAQ card.

Rule 9: If T is greater than 0.15 Nm and T_R is greater

than 200% Then send the message ‘‘Stop the

process immediately.’’ and Send the pulse signal

to Digital ouput pin 1 of DAQ card.

Rule 10: If F_R is greater than 200% and T_R is greater

than 200% Then send the message ‘‘Stop the

process immediately.’’ and Send the pulse signal

to Digital output pin 1 of DAQ card.

Rule 11: If F_R is greater than 400% Then send the

message ‘‘Stop the process immediately.’’ and

Send the pulse signal to Digital output pin 1 of

DAQ card.

Rule 12: If T_R is greater than 400% Then send the

message ‘‘Stop the process immediately.’’ and

Send the pulse signal to Digital output pin 1 of

DAQ card (Table 2).

The number of rule may be much larger amount when the

process is more complicated, the fuzzy base system can be

applied to be easy to solve such the complication.

4 Tool life test in deep hole drilling

4.1 Experimental setup for tool life test in deep hole

drilling

In addition to the storage signals, the new tool life test

has also been carried out in this project. Two kinds of

drills are tested with same material (HSS-E) but one is

with coating (TiN) and the other one is without coating

(Dominguez and DeMiguel Gonzalez 2002; Landers and

Ulsoy 2002; Kirchheim and Wlfer 1998; Pontuale et al.

2001). The diagram in Fig. 7 roughly illustrates the

experimental set up. In Fig. 7, the two measurement

platforms can be seen easily. Two measurement platforms

are set up in tool life test, one is with sensors and other

one is just dummy platform without mounting any sensor.

In sensor platform, the Acoustic Emission sensor is

mounted at the workpiece directly and the dynamometer

for the purpose of measuring the thrust force and torque

signal is installed under the workpiece. The reason of

setting up two different platforms is to be able to avoid

the very large storage file size for all of the signals along

the tool lifetime experiment.

4.2 Strategy of collecting the signals

The process is conducted in grouping method, 25 boreholes

in one group. First 7 boreholes out of 25 are drilled on the

sensor platform and the rest 18 boreholes are drilled in the

dummy platform. As previous measurements, the thrust

force, torque and A–E signals are recorded (Carr 1988).

The next part will describe the analysis of Torque, Thrust

Force and AE signal for the tool life test.

Fig. 6 Torque signal from the file P03-c-02.dat

Table 2 Default values and operator defined values

Operator define values Recommended

value for (KHSS-E)

Recommended

value for (HSS-E)

Force limit for response 1 200 N 120 N

Torque limit for response 1 0.15 Nm 0.08 Nm

Force limit for response 2 400 N 150 N

Torque limit for response 2 0.2 Nm 0.1 Nm

Force Ratio for response 1 2 2

Torque Ratio for response 1 2 1.5
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4.2.1 Tested drills: drill no. 05

Figures 8 and 9 show the torque signal analysis of drill no.

05 measurements. The first figure describes the peak, aver-

age and standard deviation of each borehole. And the second

figure is done after smoothing by grouping in 10 boreholes

and averaging again, but this grouping method is done by

shifting. The last two figures, Figs. 10 and 11 have been

done in the same procedure as thrust force signal (Table 3).

5 Results of tool life test

Based on the aforementioned information regarding the

general characteristics of thrust force and torque, the tool

Fig. 7 Experimental setup with two platforms for the tool life test
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Fig. 8 Torque signal analysis without smoothing, drill no. 05

Fig. 9 Torque signal analysis with smoothing (group length 10)
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Fig. 10 Force signal analysis without smoothing, drill no. 05

Fig. 11 Force signal analysis with smoothing (group length 10)

Table 3 Drill 05 test parameters

Diameter 1.5 mm

Material HSS-E, uncoated

Workpiece C45, 10503

Borehole depth 12 mm

Pilot borehole depth 3 mm

Filter Lowpass

Cutoff frequency 5 Hz

Tool life Drill breakage at borehole no 557

Cutting travel 6.684 meter

Lubricant Minimal lubricant machining 18 ml/h

of minimum lubricant supply

to the cutting zone/tool.

82 Int J Syst Assur Eng Manag (Jan-Mar 2011) 2(1):78–83

123



wear condition can be investigated (Bishop 2001). In this

test, it is found that the torque signal features can be reli-

able than thrust force, see in torque and thrust force anal-

ysis figures. The peak value curve, average value curve and

standard deviation curve show the gradual increase up to

approximately 0.12, 0.08 and 0.02 Nm, respectively, at

borehole no 557 of drill no. 05. By increasing the group

length, the feature curves can be getting smooth and the

correlation of toque and tool wear can be clearly visible in

this front panel.

5.1 Evaluation of analyzed features

Additional calculations have been done for extracted fea-

tures. It was clearly found that the Torque signal is more

influenced to the drill wear status, see Fig. 12. These

graphs were created in group no in the X axis and the

average amplitude in the Y axis. The signals from 25

borehole cycles are collected in one group and the average

value is calculated for each feature as presented in the

Fig. 13.

6 Conclusion

At the beginning of this project, the proposed monitoring

system, shown in Fig. 1, is described in project. It was

mentioned to use the API (Application Programming

Interface) of OpenCNC utility to integrate the monitoring

system to the machine which is illustrated in dotted line in

Fig. 1. However, after the monitoring program has devel-

oped, the alternative possibility has been found that the

hardware communication to interface between DAQ device

and OpenCNC machine. So this part is replaced by hard-

ware connection by using the function of DAQ device in

Digital input output channel 0 and channel 1.

References

Abele E, Versch A, Ekinovic S, Kulas N (2002) Drilling at the

stability limits with mechatronic toolholders. In: Cebalo R,

Zagreb HS. International Scientific Conference on Production

Engineering. Computer integrated manufacturing and high speed

machining, June 13–14, 2002, Brijuni, Croatia

Al-Habaibeh A, Liu G, Gindy N (2002) Sensor fusion for an

integrated process and machine condition monitoring system,

15th Triennial World Congress, Barcelona, Spain

Bishop H (2001) Robert: student edition LabVIEW 6i. National

Instrument, Prentice Hall, Austin, TX

Carr JJ (1988) Data acquisition and control. In: Microcomputer

applications for scientists and engineers, Tab Books Inc., Blue

Ridge Summit, PA

Dominguez AR, DeMiguel Gonzalez LJ (2002) Fault diagnosis of

multi-tooth machine tool based on statistical signal processing,

2002 IFAC 15th Triennial World Congress, Barselona, Spain

Dornfeld DA (1998) Monitoring of ultraprecision machining pro-

cessses. 8th International Machine Tool Engineers Conference

(IMEC), Osaka

Kirchheim A, Wlfer P (1998) Sensor fused intelligent monitoring

system for machining, Kistler

Landers RG, Ulsoy AG (2002) Process monitoring and control of

machining operations, The University of Michigan, Ann Arbor,

Michigan

Liang SY, Hecker RL, Landers RG (2002) Machining process

monitoring and control: the state-of-the-art, Proceedings of

IMECE2002, New Orleans, Louisiana

Narayanan SB, Fang J, Bernard G, Atlas L (1994) Feature represen-

tations for monitoring of Tool Wear, Proceedings of the 1994

IEEE ICASSP, vol 6, pp 137–140

Pontuale G, Farrelly FA, Petri A, Pitolli L, Krogh F (2001) Properties

of acoustic emission signals for tool condition monitoring

(TCM) applications In: Proceedings of 17th international

congress on acoustics, Rome

Smith GT (1993) CNC machining technology, Springer-Verlag,

London

Thyer GE (1988) Computer numerical control of machine tools.

Heinemann Professional Publishing Ltd, London

Fig. 12 Average Force in grouping drill no 05

Fig. 13 Average Torque in grouping drill no. 05

Int J Syst Assur Eng Manag (Jan-Mar 2011) 2(1):78–83 83

123


	Development of process monitoring system in drilling process using fuzzy rules
	Abstract
	Introduction
	Proposed monitoring system
	Strategy of tool breakage monitoring system
	Collection of process fault data
	Decision making part
	Input states
	Output states

	Operator define values or default values in rules
	If, Then rules (The limits are defined for KHSS-E drill)


	Tool life test in deep hole drilling
	Experimental setup for tool life test in deep hole drilling
	Strategy of collecting the signals
	Tested drills: drill no. 05


	Results of tool life test
	Evaluation of analyzed features

	Conclusion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /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 <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


