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Abstract:

This lecture deals with the application problems of convertibility GPS system at paddle excavator K 800. The claims of
the modern operating surface mining of the excavators requires a lot of information for monitoring of mining process,
capacity mining, selective extraction etc. The utilization of monitoring the excavator setting by GPS system proved to be
the only one proper because the receivers are resistant to the vibration, dust, temperature divergence and weather
changeable. Only the direct contact with communications satellite is required. It means that they can’t be located in a
metal construction space (shadow caused by construction elements, influence of electrical high voltage cables) even
they can’t be located close to the paddle wheel on the paddle boom (shadow possibility caused by cutting edge created
during lower gangplanks mining). This is the reason that GPS receivers are set uppermost on the metal construction
excavator and the mathematical formulation is required for determination of paddle wheel petting. The relations for
calculation of the paddle wheel coordinate were defined mathematically and after that the mathematical model was

composed.
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INTRODUCTION

We need exactly determine the location of paddle axes
possibly the lower edge of paddle to get objective control
of mining process. The global convertible systems allow
accomplish the requirements that are set for the control of
paddle wheel excavator. This systems work with precision *
3 cm even at vertical axis nowadays.

The problems of the application GPS systems at paddle
excavators for surface mining are put on technology and
technique itself. The machines usually work deep under the
horizon terrain which markedly makes worse the signal
receiving. When we place GPS receiver at the paddle boom

near the paddle wheel, the quality of signal is affected by
near high voltage electrical cables and significant vibration
of paddle boom. The receivers must be placed uppermost
on the metal construction but because of that the mathe-
matical formulation for determination of paddle wheel is
considerably complicated. The geometrical parameters of
machine must be considered which most of them are varia-
ble. The inclination of machine has impact for that signifi-
cantly which change during every machine transposition.

This thesis deals with GPS application at paddle excava-
tor K800/N1/103 (Fig. 1) that is fixed at coal cutting DNT
TuSimice from the point of view mathematical relation be-
tween GPS data and paddle wheel position [3, 4, 5].

Fig. 1 Bucket-wheel excavator K800/N1/103
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Fig. 2 The point cloud

MEASUREMENT

Data processing

By registering, we combined point clouds from individu-
al scanning positions and placed them in the chosen coordi-
nate system. To connect individual frames, control points
were used, focussing on classical geodetic methods. Control
points are scanned during measurement

with higher density, automatically calculating the exact
position in space. Levelling and error analysis can be done
from redundant control points. The average results of the
analysis give the limits of identifying control elements after
transformation to a value of 3 mm in space.

The maximum correction to control elements then has
the value of 6 mm in the area.

Series data taken from individual positions were combi-
ned into one unit and at the same time, unwanted objects
and surrounding terrain were cut out (Fig. 2). Point clouds,
which formed the structure of the excavator bucket wheel
contained 600 million points.

Subject to subsequent evaluation, there was determi-
ned the spatial relationship between the turntable axis te-
lescopic arm, the turntable axis of the wheel and the front
and rear GPS antenna devices located on the excavator.

Fig. 3 Bucket-wheel excavator vector model

Using the modular system Cyclone, there were modeled,
the individual details and intended intersections of the
wheel axis with the axis of the telescopic arm, intersections
of the shoulder rotating axis with the axis of the retractable
shoulder and the GPS antenna reference points. The wheel
circumference was also determined. One of the outputs is a
3D drawing of the relationship between the rotating axes
and GPS devices (Fig. 3).

The data series gathered from different scanner stations
were combined (Fig. 2) and the following step was data
filtering and data processing. The CloudWorx for AutoCAD
application allows simple tools to be used for the pro-
cessing of large point clouds, such as selecting sections of
the point cloud. Time consuming and demanding for com-
puter hardware as the processing of large data volumes is,
it is crucial to select appropriate point field density in each
point cloud section. In this application, the main structural
elements of the excavators were gradually vectorized, until
a generalized 3D model was created (Fig. 3).

Selected geometric parameters obtained from laser
scanning are checked against the parameters obtained on
the basis of Geodesy, GPS and inclinometer measurements
(Table 1).
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Table 1
K800/N1/103 bucket-wheel excavator geometric parameters, in [m]

Geodesic surveying, Laser

Dimension Symbol GPS, inclinometers scanning Difference

Bucket-wheel boom length Iv 35.966 35.95 -0.02
Distance f.rom IRC centre, ha.vmg a point of intersection on GPS1 vertical, to a o 7557 757 +0.01
parallel with the boom running through IRC centre
Vertical distance of GPS1 sensor from the joint of bucket-wheel boom in upper

" hio 4.29
position
Vertical distance between bucket-wheel centre and IRC centre h, 10.2
GPS1 head over the notional point of intersection on GPS1 vertical determining | h, 1.770 1.8 +0.03
Horizontal distance of GPS1 sensor from the joint of bucket-wheel boom in upper

" Lio 7.16
position
Horizontal distance between GPS sensors hgps 41.18
Vertical distance between GPS sensors with excavator in horizontal position Zpso
Vertical distance between GPS sensors Zeps 12.4
Bucket-wheel axis distance from GPS1 L, 41.64
Bucket-wheel boom travel hoist angle o 19.648° 19.2° -0.4°
Vertical distance between GPS1 sensor and ball bearing slewing ring Zirc 12.43
Bucket-wheel max. diameter to teeth edge Dy 7.52
GPS sensor positions relative to excavator vertical axis — bucket-wheel boom joint | 13.29
distance from excavator axis in upper position 3 ’
GPS sensor lengthwise positions — distance from excavator lengthwise plane 0.01
Ball bearing slewing ring head above undercarriage bottom edge Zvo 6.8 -0.0
ESTABLISHING KEY BUCKET-WHEEL EXCAVATOR Geometric parameters were referred to by the following
GEOMETRIC PARAMETERS machine features:

Key bucket-wheel excavator geometric parameters were — PS receiver locations;
derived from the 3D vector model by means of the — Bucket-wheel;
Microstation V8 software and with the help of auxiliary — Centre of the ball-bearing slewing ring;
dimension-giving elements added to the vector model. The — Bucket-wheel boom hoisting direction;
abbreviation IRC is a marked sensor of the Incremental — Boom travel rails;
Rotary Encoder. Movement of the wheel boom causes — IRC (incremental sensor positions);
movement of its joint (IRC) on the beam, which records the — Undercarriage bottom edge.
number of encoder pulses. The number of pulses can be GPS sensor vertical distance Zgps indicates excavator
subsequently translated along the length of the extended lengthwise tilt. What is needed is the GPS sensor vertical
boom using an impulse conversion constant. distance Zgps, relative to the excavator in absolutely

horizontal position.
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Fig. 4 Bucket-wheel excavator sketch
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DATA EVALUATION [1, 2, 4, 6]

A suitable mathematical model is required to calculate
the 3D position of the centre of the bucket wheel from the
data described in the previous section. The definition of the
bucket-wheel position is based on GPS sensor data. The
formula definitions are based on Figure 4.

The parameters to calculate include:

— Bucket-wheel geodesic head;

— Bucket wheel-to-machine axis horizontal distance;

— Bucket-wheel horizontal incline from vertical plane

running through GPS1;

— 3D bucket wheel position.

All variables and some constant parameters will change
with the slewing motion while excavator superstructure is
off horizontal, i.e. almost every time. This is why the impact
of excavator tilt on length projections in the horizontal and
vertical planes must be accounted for. Let us now carry out
a rough calculation of what the tilt impact on the lengths is.
Different excavators feature different max values of le-
ngthwise and crosswise working tilt determined by indivi-
dual design. For max tilt values in selected excavators see
Table 2

Table 2
Geometric parameters
Type of Excavator Lengthwise tilt Cross tilt
K 10000 1:143=7%
KU 800 7%
K 2000 5.6%
K 800 N 3%
KU 300 14% 5%

The 3% tilt in case of K 800/N1/103 corresponds to an
angle of 1.72°. The excavator superstructure design does
not allow bigger tilts without compromising machine
stability. Let us calculate the maximum inclinations for the
superstructure axis and for its perpendicular plane for
maximum allowable tilt:

a) Horizontal inclination:

Difference between maximum distance of bucket wheel
from GPS1 sensor in horizontal plane and at maximum tilt
of superstructure axis. The result is 0.025 m.

b) Vertical inclination:

GPS1 sensor shift from the horizontal plane at
maximum tilt perpendicular to superstructure axis relative
to the plane of travel. The result is 0.011 m. The resulting
differences are not very big, but the horizontal inclination
will be taken account for in the following four scenarios of
relative positions of the bucket-wheel boom and the
excavator:

I. Bucket-wheel excavator in horizontal position

Il. Bucket-wheel excavator inclined with bucket wheel

below horizontal plane intersecting IRC centre (|y| <

IBI)

lll. a) Bucket wheel below horizontal plane (sign B =
sign'y)
b) Bucket wheel above horizontal plane (sign B = -
signy)

Regarding calculation formulas, the present article will
only show formulas with input data and after derivation of
formulas. The input data descriptions are based on Table 1.

Option I - Bucket wheel excavator in horizontal position
(Fig. 4)
The following calculation is based on Figure 4 and Table

y — excavator tilt in horizontal plane:
y=SKL,=0
B — SKL, inclinometer angle reading; absolute value will
be used:
B = SKL,
o — bucket-wheel boom travel tilt angle:
a=19.151°
I, — horizontal distance between GPS; and bucket-wheel
boom joint in deliberate position:
I, = I,-cosa
l, — distance between IRS centre with point of
intersection on GPS; vertical and between a parallel line
to the beam running through IRC centre:

|- 12,03

powe 40423

I, — horizontal distance between IRC and bucket-wheel
axis:

I,=1,-cos g
L — bucket-wheel axis distance from GPS;:
L=1 +1,

L=1,-cosa +1,-cosf
12,03
40423

The Z coordinate of bucket-wheel centre comes from:
ZK = Zl—(hl+h2)

L:(IpO+IRC j-005a+lv-cos[ﬁ’

Z1="Z g

h =h, +1, -sina
h, =1,804 +(7,575+ IRC -%j-sina
40423

h, =I,-sing
h, =35,952-sin g

By substituting we obtain a general formula for the Z
coordinate of the bucket-wheel centre as follows:

ZK — geodesic gead of bucket-wheel axis

Z — coordinate of bucket-wheel centre

ZK =Z1-h, —(Ipo-r IRC~%)-sina—lv-sinﬂ

Option I - Bucket-wheel excavator not in horizontal
position with bucket wheel below horizontal plane
intersecting IRC centre ([y[ < [B]) (Fig. 5)

Now the L value is required to calculate the X and Y
coordinates.

L — bucket-wheel axis distance from GPS;:

L=1,cos(a+y)-h,siny+l, cos s

ZK =Z1-h, cosy -1 sin(a +y)-1,sin g
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Fig. 5 Nclined bucket-wheel excavator with bucket -wheel below IRC plane (|y| < |8]) and IRC joint detail image

Option 11l Bucket-wheel excavator in inclined positions, 111
a), 1L b)

L=h,-siny+l -cos(a—y)+l,-cosp

Ill. a) Bucket wheel below horizontal plane (signf =
signy) (Fig. 6).

The Z coordinate calculation will be different for
position 1 with the bucket wheel below the horizontal
plane and sgnf = —sgny.

Thus:

ZK =Z1-h, —h,

ZK =Z1-h,-cosy—| Il ,+IRC- 12,03
P 40423

)sin(a—y)—lvsinﬁ

lll. b) Bucket wheel above horizontal plane (signf = —
signy) (Fig. 7).

In position 2, bucket wheel above horizontal plane and
sgnPB = —sgny, in absolute values |B| < |y|, we get:

ZK =Z1-h, —h,
12,03
40423

ZK:Zl—ha-cos;/—(lpOHRC- j-sin(a—y)—lv~sinﬂ
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Fig. 6 Bucket wheel below horizontal plane sign8 = signy
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Fig. 7 Bucket wheel below horizontal plane sign 8 = sign y

Bucket-wheel centre X and Y coordinate calculation (Fig.

8)

The two sensors, GPS1 and GPS2, form a straight line

represented by the following formula:

Bucket-wheel axis distance from GPS1:
L =|GPSL,K]|

Bucket-wheel centre parameter t, comes from the
following rule of proportion:

p: x=X1+(X2-X1)-t Ve, t=t,—t =1
=2
y=Y1t (Y2-Y1)t Lt t,
for GPS1: t _L
t=0 : x=X1 , y=Y1 v
Substituting the result in the p-line parametric formula,
for GPS2: we get the X and Y coordinates of bucket-wheel centre K as
t,=1 . x=X2 , y=Y2 follows:

Distance GPS1 to GPS2:

XK = X1+ (X2-X1)-t,

v=|GPSLGPS2| = (X 2= X1’ +(Y2-Y1)

K is the bucket-wheel centre.

YK =Y1+(Y2-Y1)-t,

Fig. 8 GPS1, GPS2 and bucket-wheel K centre horizontal plan



20

Management Systems in Production Engineering 3(11)/2013

|. ONDERKOVA, I. CHOLEVOVA, J. JURMAN - Mathematical model of attitude control bucket-wheel excavator

Proposed mathematical model

The mathematical model is based on geometric
dimensions and on mathematical formulas shown in the
preceding sections using the following input data:

— GPS1 receiver data;

— GPS2 receiver data;

— IRC incremental sensor data;

— SKL1 bucket-wheel boom mounted inclinometer;

— SKL2 support-frame mounted inclinometer;

— Excavator geometric data.

The output consists of the following bucket-wheel
centre coordinates:

XK = X1+ (X2-X1)-,
YK =Y1+(Y2-Y1)-t,
/K = Zl— hl + h2

CONCLUSIONS

A  mathematical model describing bucket-wheel
excavator movement in 3D space was built on the basis of
3D laser scanning and on additional data measurements.
The mathematical model was processed by means of the
MATLAB software. The exercise also aims at creating a
useful technique for the surveying of bucket-wheel
excavators. Such data will enable creating 3D visualisations

of bucket-wheel excavator positions required to monitor
the quality of extracted coal in real-time control of the
excavation process.

REFERENCES

[1] Jurman J,. Urban P., Onderkova I.: New Trends in Dis-
integrating Process Control with GPS Application in
the Case of Giant Machines. Sbornik védeckych praci
VSB-TU Ostrava. C. 1, roénik LI, fada strojni, ¢lanek &.
1506, 2006, s. 99-102.

[2] Kapica R., Sladkova D., Jurman J.: Stanoveni metodiky
pro zaméfeni rypadla K800/N1/103 a odvozeni
matematickych vztahd vzhledem k dynamice pohybu
rypadla v tfirozmérném prostoru. (Vyzkumna zpréva).
VSB-TUO. Ostrava 2011.

[3] Jurman J, Onderkova I.: Méfeni na rypadle K 800 1N a
definovani matematickych vztahd. (Vyzkumna zprava).
VSB-TUO. Ostrava 2011.

[4] Onderkova I.: Matematicky model fizeni polohy kolesa
rypadla s vyuzitim GPS. (Disertacni prace). VSB-TUO.
Ostrava 2012.

[5] Sladkova D.: The utilisation of gnss technology for min-
ing process automation. Management Systems in Pro-
duction Engineering. No 2(2), 2011, pp 3-7.

[6] Hamfikova R, Jurman J.: Effective energy utilisation
with the excavator wheel. Management Systems in
Production Engineering. No 2(2), 2011, pp 8-11.

Mgr. lvana Onderkova, Ph.D.

Mgr. Iveta Cholevova, Ph.D.

VSB — Technical University of Ostrava

Department of Mathematcs and Descriptve Geometry

e-mail: ivana.onderkova@vsb.cz
iveta.cholevova@vsb.cz

Prof. Ing. Josef Jurman, CSc.

V3B — Technical University of Ostrava

Faculty of Mechanical Engineering

Department of Producton Machines and Design

17. listopadu 15/2172, 708 33 Ostrava-Poruba, CZECH REPUBLIC

e-mail: josef.jurman@vsb.cz




<<
  /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 0.1000
  /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 false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 450
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /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 false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 540
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /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 false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /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 <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /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.)
  >>
  /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 [612.000 792.000]
>> setpagedevice


