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Abstract 
 
The position errors in the axis direction of a vertical machine center have been measured by means of the 
VM101 linear encored measurement system. The character of the backlash error is discussed; results show 
that the backlash error has great influence on the position error. The position accuracy is enhanced after the 
backlash errors are compensated. 
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1. Introduction 
 
The laser interferometer is commonly used in the meas-
urement of various error components. Geometric errors 
have many different components like linear displacement 
error (positioning accuracy), straightness and flatness of 
movement of the axis, spindle inclination angle, square 
ness error, backlash error etc. The errors can be reduced 
with the structural improvement of the machine tool 
through better design and manufacturing practices. How-
ever, in most cases, due to physical limitations production 
and design techniques cannot solely improve the machine 
tool accuracy. Therefore, identification, characterization 
and compensation of these error sources are necessary to 
improve machine tool accuracy cost-effectively. Eung- 
Suk Lee et al. [1] used the interferometer in measuring 19 
of the 21 components on a three-axis CNC milling ma-
chine with the exception of angular roll. Ni et al. [2] de-
veloped an optical system consisting of a laser interfer-
ometer, beam splitters, flat mirrors and dual-axis lateral- 
effect photo detectors to facilitate simultaneous on-line 
measurement of five errors on each axis, which are linear 
and vertical straightness, roll, pitch and yaw errors. Shin 
[3], Ertekin et al. [4] also presented the results of accu-
racy characterization of a CNC Machining Center using 
laser interferometer. Other techniques such as disc checks 
[5] and double ball bar (DBB) [6] measurements are also 
used in the position error measurement. Knapp et al. [7] 
listed a few tests for assessing the quality of machine 
tools on a periodic basis. The diagonal displacement test 
was one of the means adopted to estimate the volumetric 
accuracy of the machine tool through evaluation of the 

positioning accuracy and repeatability along the body 
diagonals. The circular test can also be used in assessing 
the accuracy of the machine tools and the identification of 
backlash error, a software strategy that is able to com-
pensate the backlash error [8]. 

Backlash error can be obtained through some kinds of 
methods, it is either time-costly (laser interferometer) or 
only the maximum value obtained (DBB) and the effects 
of backlash error on the machine accuracy are not dis-
cussed in detail so far. The aim of the investigation pre-
sented in this paper was to illustrate the effects of the 
backlash error on the position accuracy of the machine 
tools and attracted more attention about the backlash 
error in the machine production process.  

VM101 Comparator System, which has the advantages 
of easy operation, time-less and also high accuracy, was 
used to measure the axis linear displacement and backlash 
error in this paper. A simple introduction about the sys-
tem and measurement process was given in the following 
section. The third part presents the experimental results. 
Two kinds of models including Back Propagation Artifi-
cial Neural Network (BP-ANN) and polynomial function 
model that can be used in different occasions were pre-
sented in the fourth part. The results after backlash error 
compensated were given in the fifth part. Then some con-
clusions have made in the final part of this paper. 

2. Experimental Procedures 

2.1. The VM101 Linear Encored Measurement 
System 

The VM101 Comparator System which has made in 
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HEIDENHAIN cooperation consists of a precision scan-
ning head, auxiliary carriage, interface electronics and 
sturdy storage case. The sturdy scale carrier is a U-shaped 
stainless steel extrusion. The material measure―a preci-
sion scale with a phase grating graduation and an 8 μm 
grating period―lies in the neutral stress zone of the 
U-shaped scale carrier. The scanning head which is usu-
ally connected to the spindle of the machine tools runs 
along the scale without making mechanical contact. It is 
an exposed incremental linear encoder with high accu-
racy. Its measuring lengths is 720 mm, accuracy grade is 
±1 μm at 20℃ (±0.00004 in. at 68°F) [9]. Figure 1 
shows the measurement setup on the X-axis. 
 

2.2. Measurement Process 
 
A new vertical machining centre tape DM4600 was cho-
sen for the tests. Its working volume was 600 × 400 × 
420 (mm). After the workspace was defined, accuracy 
and repeatability were tested for each axis direction. To 
minimize the error that might arise due to the temperature 
change during the measurements because of the axis mo-
tions. The machine was put in operation for three hours 
with a programmed exercise. This routine activated all the 
axis motions simultaneously before any measurements 
have been taken so that the machine could pass the ther-
mal transition state to reach its equilibrium state. 

In order to keep errors resulting from uneven guide 
ways (Abbe error) at a minimum, the comparator system 
must be installed as near as possible both to the point of 
tool contact as well as to the encoder. The sides of the 
scale carrier should be aligned with the axis to be meas-
ured within 0.1 mm.  

To eliminate the influence of speeds, the machine was 
programmed to move with a lower feed rate of 50 mmpm, 
after the warm-up cycle, position displacement meas-
urements were taken in both travel directions. The data 
was captured at equal intervals (20 mm) and the meas-
urement cycle CNC part program composes a sequence 
of moves beginning at one limit of the axis in forward 
direction (f), extending to the opposite limit, and return-
ing to the beginning position in reverse direction(r). The 
commanded machine position is nominal axis position, 
which is determined by the part program being executed. 
A PC reads the absolute machine positions directly into 
 

 

Figure 1. The X-axis measurement setup. 

the database from the VM101. A sample measurement 
cycle CNC program for X-axis is given in Table 1. 

 
3. Experimental Results 

 
3.1. Axis Linear Displacement Error 

 
The X-axis linear displacement error plots are shown in 
Figure 2. In the legend of the error graphs, Error 1-f and 
Error 1-r indicates that errors were measured when the 
machine was in the first cycle motion for forward (f) and 
reverse (r) directions after about 3 hours warm-up period. 
The error plots show that positional errors are generally 
lower at the beginning of axis travel (home position) and 
have linearly increasing trend with increasing axis no- 
minal position. It was found that the position error in 
forward direction was bigger than the position error in 
the reverse direction at the same point. The maximum 
displacement error is about 40 μm at the end of the axis. 

The Y-axis linear displacement error (Figure 3) and 
the Z-axis linear displacement error (Figure 4) showed 
similar linear trends with increasing nominal axis posi-
tion as in X-axis. The Y-axis linear displacement error was 
the smallest among the three axes being tested and the 
magnitude was approximately 25 μm. Maximum linear 
displacement error of the Z-axis was almost the same 
value as the end of the X-axis. The slope of the error line 
of the Y-axis is the smallest when the machine is moving 
in the forward directions. There are obviously two  

 
Table 1. VM101 measurement cycle CNC program. 

N001 #1 = 0 N010 X560 

N002 G92 X0 Y0 Z0 N011 G04 P10 

N003 WHILE #1 LT 28 N012 WHILE #1 LT 20 

N004 G91 G01 X20 F50 N013 G91 G01 X-20 

N005 G04 P10 N014 G04 P10 

N006 #1 = #1 + 1 N015 #1 = #1 + 1 

N007 ENDW N016 ENDW 

N008 #1 = 0 N017 M30 

N009 G90 G01 X562  

 

 

X-Axis Nominal Position (mm) 
Figure 2. X-axis linear displacement error. 
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Y-Axis Nominal Position (mm) 
Figure 3. Y-axis linear displacement error. 

 

  

Z-Axis Nominal Position (mm) 
Figure 4. Z-axis linear displacement error. 

 
groups error line on the axis linear displacement error 
plot. That means there are two different error values at 
the same location in the axis. The main reason of these 
results is the backlash error. 
 
3.2. Backlash Error 
 
Backlash error is a position dependent error affecting the 
contouring accuracy. When the axis changes direction 
from one side to the other, there is a lag before the table 
starts moving again, that would cause position error- 
backlash error. The backlash error was the major reason 
why there are two groups of error lines on the displace-
ment error plot. It has great influence on the accuracy of 
the machine and should be compensated. Figure 5 shows 
the backlash error of the axes. Bex means the X-axis 
backlash error, Bey is the Y-axis backlash error and the 
Z-axis backlash error is Bez. 

The backlash error value of the axis was not constant 
and has different value at different axis nominal posi-
tions. Maximum backlash error is about 27 μm at the 
beginning of travel in X-axis, the backlash error is 18 μm 
and 11 μm at the home point of the Y-axis and Z-axis. It 
leads to the relatively large error of the axis in the 
forward direction. The Z-axis has the smallest average  

 

Axis Nominal Position (mm) 
Figure 5. The value of backlash error. 

 
backlash error among the three axes and obtained maxi-
mum Bez at the end of the axis travel with a magnitude of 
14 μm.  
 
4. The Models of Backlash Error  
 
4.1. The ANN Models of Backlash Error 
 
The neural net using the back-propagation algorithm has 
been used to predict the total positioning error at any 
given thermal state and location of the cutting tool from 
knowledge of that error at some specified point in the 
workspace as measured by the laser ball bar [10]. The 
neural network which utilizes the learning ability to pre- 
dicate the backlash error value from the knowledge of 
the error as measured by the VM101 system was devel-
oped. The neural networks developed in this study have 
three layers―one input layer, one hidden layer, and one 
output layer. The input layer comprises the units that 
represent the nominal position of the axis. The output 
layer has three output units that represent the backlash 
errors of the three axes. The hidden units of the network 
are used to extract the underlying features of relation-
ships between the nominal position and the backlash 
errors of the machine tools. The Figure 6 shows the flow 
chart of the neural net work.  

Training of the networks can proceed only after the 
entire experimental data is obtained. The training process 
of the net was shown in Figure 7.  

During learning, the nominal position value of the axis 
was input into the self-learning and prediction unit, the 
output of the neural net is the backlash error value. Then 
the backlash error compensation can be taken. However 
because the training time is relatively long, the ANN 
model can only be used in the off-line compensation, the 
advantage of the net model was very high-nonlinear 
mapping ability. 

 

 
Figure 6. The flow chart of the neural net. 
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Figure 7. The training process of the neural network. 
 

4.2. The Polynomial Models of Backlash Error 
 
For on-line compensation, the backlash errors (Bex, Bey, Bez) 
can also be modeled as polynomial functions with the 
position along each axis. As the Equations (1), (2) and (3) 
expressed. 

Bex = a0 + a1x + a2x
2 + a3x

3                  (1) 

Bex = b0 + b1y + b2y
2 + b3y

3            (2) 

Bex = c0 + c1z + c2z
2 + c3z

3             (3) 
The error models then can identify using the least- 

squares criterion method. The calculation process of the 
backlash error value was very fast, but the drawback of 
the polynomial model was its relatively lower accuracy.  
 
5. Accuracy after Backlash Error  

Compensated 
 
After the models have been developed, the backlash error 
then can be compensated. The procedure can be divided 
into three stages: calibration of the backlash errors (part 
2), modeling of the errors (part 4), and compensation 
control implementation. 

The principle of the error compensation control im-
plementation is as the following steps: the backlash er-
rors on the nominal position of the axis at any given 
thermal stage are collected and the errors are estimated 
by the models. Then the resultant errors between the 
commanded position and the real position are calculated. 
Finally, the compensation singles are sent to the CNC 
controller to shift the origins of the slide axes to imple-
ment the error compensation. The results of the position 
accuracy after the backlash error compensated using the 
ANN model were measured using the same procedure as 
mentioned above. Figures 8-10 show the X-axis, Y-axis 
and Z-axis measurement results. 

All three plots show that the backlash errors were well 
compensated and the accuracy of these axes was highly 

increased. All linear positional errors increasing linearly 
with respect to axis nominal position and are the highest at 
the end of the axis travel range. These results correspond 
with the most previous work and the assumption that the 
linear errors components change linearly with position. 
Machine home position gave best linear accuracy; maxi-
mum linear displacement error was about 10 μm in the X 
and Y-axes, the Z-axis maximum linear displacement was 
about 25 μm at the end of the axis position.  

The variation of the linear displacement error (position 
systematic deviation) was about ±2 μm at the same 
position in the axis when the backlash errors were com-
pensated. The repeatability of position of the axes was 
obtained with a magnitude of about 4 μm. This is the limits 
 

 
X-Axis Nominal Position (mm) 

Figure 8. X linear displacement error after compensated. 
 

 

Y-Axis Nominal Position (mm) 
Figure 9. Y linear displacement error after compen-
sated. 

 

Z-Axis Nominal Position (mm) 

Figure 10． Z linear displacement error after compensated. 
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accuracy through the off-line software for the software- 
compensation. 

The experimental results show that the accuracy was 
enhanced after the backlash error eliminated. So more 
attention should be paid to the backlash error during the 
production and assemble processing of the machine tools. 
 
6. Conclusions 
 
From the results of this research, the following conclu-
sions can be drawn: 
 All linear position errors increased almost linearly 

with respect to axis nominal position and are the highest 
at the end of the axis travel range even the backlash error 
compensated. 
 The backlash errors cause relatively large linear dis-

placement error deviation between different directions at 
the same point in the axis. The backlash errors value is 
the function of the point in the axis. 
 The accuracy of the machine increased after the 

backlash error compensated, so more attentions should 
be paid to the backlash errors in the machine tool pro-
duction procession. 
 
7. Acknowledgements 

 
This work was financially supported for the research of 
geometric error measurement and compensation on CNC 
machine tool by National 863 Subject Plan under grant 
2002AA423260. 
 
8
 

. References 

[1] E. S. Lee, S. H. Suh and J. W. Shon, “A Comprehen-
sivemethod for Calibration of Volumetric Positioning 
Accuracy on CNC Machines,” The International Journal 
of Advanced Manufacturing Technology, Vol. 14, No. 1, 
1998, pp. 43-49. 

[2] J. Ni and S. M. Wu, “An On-Line Measurement Tech-
nique for Machine Volumetric Error Compensation,” 
Journal of Engineering for Industry, Vol. 115, 1993, pp. 
85-92. 

[3] Y. C. Shin, H. Chin and M. J. Brink, “Characterization of 
CNC Machining Centers,” Journal of Manufacturing 
Systems, Vol. 10, No. 5, 1992, pp. 407-421. 

[4] Y. M. Ertekin and A. C. Okafor, “Vertical Machining 
Center Accuracy Characterization Using Laser Interfer-
ometer, Part 1. Linear Positional Errors,” Journal of Ma-
terial Processing Technology, Vol. 105, No. 3, 2000, pp. 
394-406. 

[5] W. Knapp, “Test of the Three-Dimensional Uncertainty 
of Machine Tools and Measuring Machine and its Rela-
tion to the Machine Errors,” Annals of CIRP, Vol. 32, No. 
1, 1983, pp. 459-464. 

[6] Y. Kakino, Y. Ihara and Y. Nakatsu, “The Measurement 
of Motion Errors of NC Machine Tools and Diagnosis of 
their Origins by Using Telescoping Magnetic Ball Bar 
Method,” Annals of the CIRP, Vol. 36, No. 1, 1987, pp. 
377-380. 

[7] W. Knapp, “Interim Checks for Machine Tools,” Pro-
ceedings of the 3rd International Conference on Laser 
Metrology and Machine Performance―LAMDAMP, 1997, 
pp. 161-168. 

[8] Y. S. Tarng, J. Y. Kao and Y. S. Lim, “Identification of 
and Compensation for Backlash on the Contouring Ac-
curacy of CNC Machine Center,” The International Jour-
nal of Advanced Manufacturing Technology, Vol. 13, No. 
2, 1997, pp. 359-366. 

[9] “HEIDENHAIN Mounting and Operating Instructions— 
VM 101 Incremental Comparator System,” Germany, 
2000. 

[10] N. Srinnivasa, J. C. Ziegert and S. Smith, “Prediction of 
Position Errors of a Three Axis Machine Tool Using a 
Neural Network,” Proceedings of the Japan/USA Sympo-
sium on Flexible Automation, San Francisco, 1992, pp. 
203-209. 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.66667
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /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 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.66667
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /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 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /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.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /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 [595.276 807.874]
>> setpagedevice


