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Abstract:  
Remotely operated underwater vehicles (ROV) equipped 

with manipulator have been used for underwater operation 
increasingly. The ROV is usually operated manually with 
the aid of underwater camera to approach and grasp a target 
by its manipulator. Due to the low quality of underwater 
imaging, it is quite difficult for the human operator to 
determine the accurate distance and orientation between the 
ROV and the target interested.  This paper presents an idea 
of developing an automatic 3D measurement and guiding 
system for ROV in an effort to facilitate this process. Based 
on structure-light triangulation principle, dual laser line and 
a camera are utilized to calculate the position and orientation 
of a cylindrical target. The measurement model considering 
refraction compensation and system calibration method is 
proposed. A prototype measurement system is designed and 
tested in a simulated underwater environment by a glass 
water tank. The experiments show that the proposed system 
is feasible to determine the position and orientation of the 
target automatically on an accurate and efficient manner. 
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1.  INTRODUCTION 

With the development of deep exploration of ocean, 
remotely operated underwater vehicle has attracted 
increasing attention. The ROV is usually equipped with 
underwater manipulator for operation task for example grasp 
a handle in order to dock the ROV to an underwater 
platform. Currently, with the aid of an underwater camera 
the ROV and manipulator are operated manually to execute 
this kind of task. Due to the low quality of underwater 
imaging, it is difficult for the human operator to determine 
the accurate distance and orientation between the ROV and 
the target interested. Therefore, it is time-consuming to 
approach and grasp the target due to the process of trail and 
error. The underwater 3D measurement method contributes 
to overcoming these difficulties. 

Nowadays, the acoustic detection technology [1-2], laser 
radar technology [3], monocular vision technology [4] as 
well as structured-light technology [5-6] are used for 
underwater 3D measurement. Since the underwater 
structure-light technology possesses the advantages 
including high accuracy, low cost, non-contact measurement, 
suitable for close range measurement and so on [5], it is 
utilized in the paper. An underwater structure-light system 
with dual line is presented to measure the distance and 
orientation between a ROV and a cylindrical target. 

2.  METHODOLOGY 

 2.1 Proposed Measurement System 
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Fig. 1: Automatic 3D measurement and guiding system 
 
An automatic 3D measurement and guiding system for 

ROV in an effort to facilitate its manipulator to grasp an 
object was proposed as shown in Fig. 1. Based on line 
structure-light triangulation principle, the system consists of 
a camera and two laser diodes. The laser diode projects a 
light plane onto the target to form a laser line, which is 
imaged by the camera. The 3D coordinate on the target can 
be calculated by the intersection of a light ray and the laser 
plane. With two laser planes, the position and orientation of 
a target can be determined. 
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Fig. 2: Function description of the whole system 

 
This system is designed to function as shown in Fig.2. 

First, ROV is manually operated to approach the target at a 
distance to make the target appear in the field of view of the 
proposed measurement system. Then the automatic guiding 
mode is activated. The position and orientation of the target 
relative to the coordinate system of the ROV is calculated 
by the measurement system. This information will be feed 
back to the control unit of the ROV on a real time basis to 
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adjust the direction of ROV automatically in order to keep 
the target within the field of view of the measurement 
system. In this way, the ROV is guided to approach the 
target continuously. Finally, when the ROV is close to the 
target at an appropriate distance, the manipulator on the 
ROV will grasp the target accurately according to the 
measurement results. This function description is shown in 
Fig. 2. 

 2.2 Measurement Model 

Since a camera and two laser diodes respectively are 
enclosed in the waterproof housing, the refraction effect is 
inevitable when the whole system is utilized underwater. 
Considering the refraction influence, the measurement 
model of the automatic 3D measurement and guiding system 
is shown in Fig. 3. The model is based on the perspective 
projection model of a camera. Note that O1 is the center of 
the camera image plane, O represents the optical center of 
camera and z axis is the optical axis of camera lens. The 
relevant coordinate frames are defined as follows: O1XY is 
2D normalized image coordinate frame, ouv is 2D image 
plane coordinate frame, Owxwywzw is 3D world coordinate 
frame and Oxyz is 3D camera coordinate frame. Meanwhile, 
we define some known geometry relations in the model, 
such as Ox//O1X//ou, Oy//O1Y//ov and Oz⊥ouv(plane). 
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Fig. 3: Measurement model of the system 

 
When the refraction impact is neglected, the light path is 

described approximately as the dash line in the Fig. 3. Like 
this, a common perspective projection model is applicable. 
Given one point P in the 3D camera coordinate frame, its 
coordinate is denoted as P = (x, y, z) and the coordinate of 
corresponding perspective projection point in the 2D image 
plane coordinate frame is denoted as p1 = (u1, v1). 

Firstly, the coordinate of point p1 in the 2D normalized 
image coordinate frame is solved by 

   
0111

v-vdYY ,u-udXX 01                                   
(1) 

where (u0, v0) is the coordinate of principal point O1 in the 
2D image plane coordinate frame, dX and dY represent the 
physical size of a pixel along the X and Y axis, respectively. 

Secondly, correct the camera lens distortion in the focal 
length normalized plane. First and foremost, the focal length 
normalized plane is defined as follows: the optical axis of 
camera lens is vertical to this plane, the distance of the 
camera focal point to this plane is 1mm and the coordinate 
frame in this plane is analogous to the 2D normalized image 
coordinate frame. Hence, the coordinate of point p1 in this 
plane is solved by 

   
y01dx01d

av-vY ,au-uX                                    (2) 
where ax = fx / dX is the normalized focal length in the X 
axis, ay = fy / dY is the normalized focal length in the Y axis, 
fx and fy respectively represent the effective focal length in 
the X and Y direction. Then we utilize the following model 
to handle lens distortion effects. 
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where (Xp, Yp) is the ideal coordinate of point p1 in the focal 
length normalized plane, k1 and k2 are the coefficients of the 
radial distortion, p1 and p2 are the coefficients of the 
tangential distortion. 

Thirdly, solve the coordinate of point P in the 3D camera 
coordinate frame. In the 3D camera coordinate frame, point 
P is located on the line through point O and ideal point p1(Xp, 
Yp) in the focal length normalized plane. Meanwhile, point 
P is located on the laser plane (see Fig. 3). So utilize the 
equation of the line and the equation of the laser plane, the 
coordinate of point P in the 3D camera coordinate frame is 
solved. 

1zYyXx pp                                                         (4) 

1czbyax                                                           (5) 
In section 2.3, the paper describes how to solve the equation 
of the laser plane. 

Considering the refraction effect, the optical path 
becomes the full line from the dash line (see Fig. 3). At the 
same time, the perspective projection point of point P in the 
2D image plane coordinate frame becomes point p. Hence, 
point p should be changed back to point p1 in order to 
calculate the coordinate of point P in the 3D camera 
coordinate frame. The process is defined as refraction 
compensation. Utilize Equation (1) to solve the coordinate 
of point p in the 2D normalized image coordinate frame. 
Then based on the geometric relation, the coordinate relation 
between point p1 and point p in the 2D normalized image 
coordinate frame is described as (X1, Y1) = k(X, Y). From 
the geometric relation, the compensation coefficient k is 
solved by 

    113332 OOpOOOMOtanβOOtanαtanγk   
When OO3 >> OO2, utilize following equations, then the 
coefficient k can be obtained: 

    sinβsinαn,2fff,fYXtanβk wyxaa
22       (6) 

where (X, Y) is the coordinate of point p in the 2D 
normalized image coordinate frame, nw is the refractive 
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index of water, α and β represent refraction angle and 
incidence angle respectively.  

After finishing the refraction compensation of point p, 
the coordinate of point p1 in 2D normalized image 
coordinate frame is obtained, then Equation (2) ~ (5) are 
utilized to calculate the coordinate of point P in 3D camera 
coordinate frame. 

 2.3 System Calibration 

In order to realize the function of the automatic 3D 
measurement and guiding system, first and foremost, 
calibrate the sealed system that a camera and two laser 
devices respectively enclosed in the waterproof housing in 
air is essential. In the paper, with water-tank simulating the 
sealed environment, collect a kind of calibration pictures as 
shown in Fig. 4. During collecting calibration pictures, 
obtain pictures of the target in different positions and 
guarantee the laser bar is projected on the black portion of 
the target in every picture. 

 

  
Fig. 4: Images for system calibration 

 
Firstly, finish the camera calibration. In the paper, the 

method of camera calibration refer to Ref. [7] is utilized to 
calibrate the camera with checkerboard as calibration target. 
So obtain camera intrinsic parameters, lens distortion 
coefficients and external parameters of the target in 3D 
camera coordinate frame in every picture.  

Secondly, the laser plane equation in the 3D camera 
coordinate frame is calibrated. In the paper, utilize the 
centroid method to extract the coordinate of every central 
point on the laser line in the 2D image plane coordinate 
frame. Then based on Equation (1) ~ (5), the coordinate of 
every central point in the 3D camera coordinate frame is 
solved. However, the equation of the laser plane need 
replace with the equation of the target plane. In every 
picture, obtain the equation of the target plane through 
utilizing external parameters of the target in 3D camera 
coordinate frame. Finally, utilize the coordinate of every 
central point in the 3D camera coordinate frame to fit the 
laser plane equation with the least square method. 

3.  EXPERIMENTAL STUDY  

 3.1 Prototype System Design 

In this paper, a prototype system is designed in order to 
investigate whether the proposed method is applicable in the 
simulated environment. Based on actual application 
requirements, a CCD camera with a 6mm lens and two 
50mW laser diodes whose wavelength is 650nm and 532nm 
respectively are chosen. Fig. 5 shows the prototype system. 
A camera and two laser devices are fixed on an aluminum 

alloy plate. In addition, a water-tank is utilized to simulate 
the waterproof housing and underwater application 
environment (Fig. 6). 

 

Fig. 5: Prototype system Fig. 6: Simulated 
underwater environment  

 3.2 Refraction Compensation Experiment  

In order to verify whether the refraction compensation 
method is feasible, the experiment is designed as follows. 
First, take images for system calibration. Utilize the 
prototype system and the empty water-tank to collect 
calibration pictures in air. Then, inject an appropriate 
volume of clear water into the water-tank and immerse the 
calibration target in the water to collect calibration images. 
Second, respectively calibrate the system parameters in air 
and underwater. Third, verify whether the proposed method 
is feasible. Utilize the refraction compensation method to 
measure every square side length along the row direction on 
the checkerboard of underwater calibration images (Fig. 7), 
where the real value of square side length is 15mm. The 
result of experiment is shown in Table 1. By the experiment, 
feasibility of the proposed refraction compensation method 
is proved. 

 
Table 1: Measurement error of square side length(mm) 

 Min Max Mean 
Standard 
deviation 

1 0.0045 0.2809 0.0840 0.0756 
2 0.0002 0.1729 0.0509 0.0406 
3 0.0028 0.1463 0.0481 0.0355 
4 0.0019 0.2435 0.0950 0.0707 
5 0.0042 0.3424 0.1111 0.0758 
6 0.00008 0.1504 0.0531 0.0398 
7 0.0002 0.1313 0.0381 0.0279 
8 0.00008 0.1572 0.0496 0.0387 
9 0.0021 0.1161 0.0383 0.0269 

10 0.0008 0.1511 0.0404 0.0331 
11 0.0053 0.1862 0.0609 0.0410 
12 0.0011 0.3581 0.0421 0.0477 
13 0.0075 0.3109 0.1708 0.0711 
14 0.0093 0.3393 0.1697 0.0654 
15 0.0611 0.3495 0.1894 0.0666 
16 0.0260 0.3306 0.1778 0.0610 
17 0.0366 0.4188 0.2243 0.0646 
18 0.0203 0.3275 0.1720 0.0597 
19 0.0401 0.3423 0.1696 0.0654 
20 0.0078 0.3413 0.1606 0.0692 
21 0.0037 0.2698 0.1110 0.0692 
22 0.0163 0.2808 0.1449 0.0704 
23 0.0101 0.2542 0.1285 0.0636 
24 0.0095 0.3081 0.1484 0.0701 
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Fig. 7: Measured square side length underwater image 

 3.3 System Function Simulation Experiment 

In the practical application, the position and orientation 
of a cylindrical target need be determined with this system. 
Therefore utilize this method to respectively detect 3D 
center points on two laser lines. Then use two sets of points 
to fit an ellipse respectively and calculate the coordinate of 
ellipse center point in the 3D camera coordinate frame. So 
the position and orientation of a cylindrical target can be 
determined using the coordinate of two ellipse center. Then 
this information will be feed back to the control unit of the 
ROV. Finally, the target can be grabbed. So design the 
experiment as follows. Detect the direction cosine of a 
cylindrical target (Fig. 8) in three positions. And calculate 
the distance between the optical center of camera and the 
midpoint of the line that is between two ellipse center points 
in the initial position. The result of experiment is shown in 
Table 2. The experimental results is in the 3D camera 
coordinate frame. Define the center point of ellipse on the 
650nm laser plane as C1, while another center point is C2. 
With the vector quantity C2C1, calculate the direction cosine. 

 

 
Fig. 8: Utilize a cylindrical target in the experiment 

 
The results show that the proposed method and the 

measurement system can complete the required function in 
the practical application accurately. 

 
 
 
 
 
 

Table 2: Experimental results 
Position  1 2 3 

x -153.4537 -153.3718 -151.2845 
y -63.6602 -59.2456 -45.5995 C1(mm) 
z 911.0508 872.2841 797.4018 
x -203.2136 -203.0872 -196.4807 
y -34.5751 -32.3290 -11.6193 C2(mm) 
z 956.0498 909.0484 829.7648 
x 0.6805 0.7372 0.6937 
y -0.3978 -0.3991 -0.5216 

Direction 
cosine 

z -0.6154 -0.5452 -0.4967 
Distance(mm) 951.6993 909.4771 832.4491 

4. SUMMARY 

This paper presents an automatic 3D measurement and 
guiding system, which consists of a camera and two laser 
diodes. And the measurement system is enclosed in the 
waterproof housing. Hence, the refraction effect is inevitable. 
The paper proposes to utilize the overall system calibration 
parameters in air and the refraction compensation to 
calculate the coordinate of a point on the laser line in the 3D 
camera coordinate frame. By the refraction compensation 
experiment, feasibility of this method is proved. Meanwhile, 
the system function simulation experiment proves that the 
proposed system in the paper can accomplish the requested 
function. 

 

ACKNOWLEDGEMENTS 

The authors would like to express their sincere 
appreciation to National Science Foundation for 
Distinguished Young Scholars of China (Grant No. 
51205243 ) for supporting this research.  

 

REFERENCES 

[1] Yongting Wu, Xinghua Zhou, Long Yang, “Underwater 
Acoustic Positioning System and its Application”, 
Hydrographic Surveying and Charting, vol.23(4), pp. 18-21, 
2003. 

[2] Son-Cheol Yu, “Development of real-time acoustic image 
recognition system using by autonomous marine vehicle”, 
Ocean Engineering, vol.35(1), pp. 90-105, 2008. 

[3] Duo-Min He, Gerald G.L. Seet, “Divergent-beam Lidar 
imaging in turbid water”, Optics and Lasers in Engineering, 
vol.44(1), pp. 217-231, 2004. 

[4] Yanzhang Lei, Huijie Zhao, Hongzhi Jiang, “A Three-
Dimensional Measurement Method by Combing Binocular 
and Monocular Vision Systems”, Acta Optica Sinica, 
vol.28(7), pp. 1338-1342, 2008. 

[5] Zexiao Xie, Xuyong Li, Shaohui Xin, Shang Xu, 
“Underwater Line Structured-Light Self-Scan Three-
Dimension Measuring Technology”, Chinese Journal of 
Lasers, vol.37(8), pp. 2010-2014, 2010. 

[6] Zongyi Wang, “Structured Light Sensor and Underwater 3D 
Inspecting System”, Harbin Engineering University, 2005. 

[7] Zhengyou Zhang, “A Flexible New Technique for Camera 
Calibration”, Pattern Analysis and Machine Intelligence, 
vol.22(11), pp. 1330-1334, 2000. 

 

15mm 

Row 



<<
  /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 1.50000
  /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 1.50000
  /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 <>
    /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


