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Abstract—Leveling error is critical for final alignment accuracy
in accurate assembly tasks, which needs to be sensed and further
compensated. In this paper, we propose an easy and cost-
saving leveling measurement method. The parameter sensitivity
is studied, and the leveling compensation approach in robotic
systems is stated. We conduct experiments to examine its accu-
racy performance, and show its effectiveness in a demonstration
assembly case.

Index Terms—leveling measurement; robotic system; accurate
assembly

I. INTRODUCTION

Automatic manufacturing in 3C (computer, communication,

and consumer electronics) industry, in particular, the small part

assembly operation, has become a booming application for

industrial robots. Different from the automobile industry, small

part assembly requires higher geometry alignment accuracy,

which can be up to 0.02 mm.

In a robotic assembly system, fixture (or pallet) is normally

provided for holding the parts so that they can be disposed

in the desired place and orientation. Conventionally, robots

are programmed by teaching with the golden fixture, which

is the most representative fixture available. The same robot

targets and movements are repeated in real production with lots

of (e.g. 100+) pallets running along the assembly line. This

solution works fine as long as all the pallets are consistent.

However, it asks for high manufacturing quality and cost.

Alternatively, we can lower the pallet manufacturing require-

ment and teach different robot targets for each pallet, or each

group of pallets. Such approach is obviously tedious and time-

consuming. Therefore, we want a convenient way to deal with

the pallet deviations.

Vision systems are often used to detect errors of translations

in x and y directions (Tx, Ty) and rotation about z axis (Rz).

Besides this, a small leveling error can also cause the final

alignment error, as illustrated in Fig. 1. Leveling describes

the amount of tilt of the current part from its expected

configuration. In other words, it can be interpreted as the error

of rotations about x and y axes (Rx, Ry). For example, when

assembling a 100 mm × 100 mm sheet, leveling error at 1◦

would cause about 0.015 mm alignment error, which really

matters for accurate assembly.

Traditionally, engineers detect the leveling by mounting 3

displacement sensors on robot end-effector and measuring the

heights of 3 points on the plane. It is a very intuitive approach.

Leveling error
Alignment error

Fig. 1. Leveling error will cause final alignment error.

However, this setup is expensive and bulky in robot station,

and brings high requirement on sensor installation.

Autocollimator is a precise optical instrument for non-

contact measurement of angles [1]–[3]. Light beam is pro-

jected from the autocollimator, reflected back into the instru-

ment by an external reflector, and focused onto a photo detec-

tor. Leveling of the external reflector is computed based on the

shift of reflected beams. Since the reflected beams have to be

converged by the lens, autocollimator has a relatively small

measurement range (usually about 0.5◦) and short distance

between autocollimator and external reflector. This, together

with the high cost, limits its application in robotic assembly

systems.

Angle measurement based on interferometry is a very pop-

ular kind of method. Rotation will result in the optical path

difference of two interfered light beams, which will further

lead to change in the interference pattern. Measurement based

on interferometry usually requires continuous detection of

phase change for large angles. Equipment using the Michelson

interferometer has been proposed [4]–[6], and Sasaki et al.
came up with a setup using Twyman-Green interferometer

for small rotation angles [7]. Dai et al. took the advantage

of a parallel interference pattern [8]. An angle measurement

method combining interferometry and fringe analysis was

reported in [9], which used Fourier transformation and phase-

shift technique.

Another widely used method is the total internal reflection

effect, which was firstly proposed by Huang et al. [10], [11].

In this method, two prisms are arranged orthogonally on a

rotary stage in which internal reflections occur. Small angle

of the rotary stage is estimated by measuring the reflectance

difference between the prisms. The total internal reflection
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method can only detect the rotation angle in 1-dimension.

A compact design of prism assembly was presented in [12]

that can always parallel retro-reflect the incoming light beams

and improve the method’s linearity. Instead of measuring the

intensity, Chiu et al. put forward the approach of measuring

the phase difference between s and p polarization states at

total internal reflection [13].

Surface plasmon resonance (SPR) is highly sensitive to op-

tical and structural properties of the metal interface, which can

also be used for angle measurement. Using this phenomenon,

several methods have been developed [14]–[16].

The aforementioned approaches can precisely measure

small rotation angles. However, the instruments are complex

in structure and not easy to use in robot work stations. In

this paper, we propose a leveling measurement method which

takes advantage of a reflective surface and vision system. It

is cost-saving yet has good accuracy performance. Moreover,

we can easily implement this method with robotic systems.

This paper is organized as follows. In Section II we describe

the working principle of the proposed leveling measurement

system, and conduct sensitivity analysis. In Section III the

leveling compensation approach in robotic assembly system

is presented. We use experiment to verify the accuracy of pro-

posed method in Section IV, and demonstrate its effectiveness

by applying it in a USB disk assembly case in Section V.

Finally, Section VI concludes this paper.

II. PROPOSED LEVELING MEASUREMENT SYSTEM

A. Leveling Parameterization

We can visualize leveling as the parallelism of two planes.

Any rigid body has 3 spatial rotation degrees of freedom. How-

ever, leveling measurement has only 2 degrees of freedom: any

rotation about plane’s normal vector does not alter its leveling

situation. As a consequence, we can obtain the tilted plane by

directly rotating the reference plane about an axis in it.

If we setup a frame with z axis normal to the plane,

as illustrated in Fig. 2, the leveling can then be naturally

parameterized by angle α and β, where

• α is the angle between z and z′;
• β is the angle between rotation axis and x axis;

Normal vector z′ of the tilted plane is

z′ =

⎛
⎝ sinα sinβ
− sinα cosβ

cosα

⎞
⎠ . (1)

B. Basic System and Leveling Calculation

The proposed leveling measurement method applies the

idea of reflection. As illustrated in Fig. 3, we apply a planar

reflective surface on the fixture by attaching a piece of mirror

or fine polishing the fixture’s surface, and observe a marker’s

image via camera. Any feature point or pattern distinguishable

from its surrounding environment can be used as the marker,

and to ease the system setup we can always select the camera

lens itself to be our marker in the system.

Fig. 2. Parameterization of leveling.

CalculationModule camera

reflectivesurface
fixture

Fig. 3. Basic leveling measurement system.

In this system, tilt of the reflective surface from reference

to current configuration is converted as the displacement of

marker’s image through reflection, as the camera view shown

in Fig. 4. Distance D of this displacement relates to the amount

of tilt; direction shows the tilting axis. Section view of the

system is shown in Fig. 5. Please notice that the reflected

virtual image by tilted surface may not be in the camera’s

image plane. But it would be observed as if it were in the

image plane along the extension line from the camera, which

is also the marker in our system.

D
x

y
β  

Image 2

Image 1

Fig. 4. Displacement of marker’s image in the camera view.
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Fig. 5. Section view of the ideal system.

We can calculate the amount of leveling as

α = tan−1

(
D

2H

)
, (2)

where H is the distance between marker and the mirror.

Movement of marker’s image would always be perpendicular

to the rotation axis, so we have (as in Fig. 4)

β = atan2 (−Dx, Dy) , (3)

where D = (Dx, Dy) is the image’s displacement vector in

the camera frame.

C. Sensitivity Analysis

In an ideal system as in Fig. 5, we should have

• precise values of H and D;

• reflective surface parallel with camera’s image plane.

But practical system is never ideal. We conduct the sensitivity

analysis on parameters as follows.

1) Imprecise H and D: Imprecise H and D will lead to

imprecise α. By taking derivative we can get

δα =
2H

D2 + 4H2

(
δD − D

H
δH

)
. (4)

As we can see, if in the measurement system the height H is

large, small errors in H and D would only have very limited

influence on α. This also tells us that we don’t need a camera

with very high resolution, since the error because of resolution

would be reflected in D.

2) Non-parallel Reference Surface and Image Plane: As

in Fig. 6, when the camera’s image plane is γ degree of

angle away from being parallel with the reference surface,

the triangle is not right-angled. According to the law of sines,

D

sinα
=

2H

sin (π/2− α− γ)
(5)

H

H

D

α 

α 

Image 2 Image 1

Image 
plane

Reference
surface

Tilted 
surface

Marker

γ 

Fig. 6. Section view of the system when the reference surface is not parallel
with camera’s image plane.

α = tan−1

(
cos γ

2H/D + sin γ

)
. (6)

Around the working point of γ = 0, we have

δα|γ=0 = − D2

4H2 +D2
δγ. (7)

We should try to have the camera’s image plane as parallel

as possible with the reference surface (usually by adjusting

the camera calibration board). And a large H could decrease

the measurement error due to non-parallelism.

The sensitivity analysis implies that height H between

camera and reference surface should be large enough in order

to suppress noises and deviations in practical cases.

III. LEVELING COMPENSATION IN ROBOTIC SYSTEM

With the help of proposed measurement method, we can

get the leveling deviation of current pallet from the reference

pallet. The robot, usually a 6-axis robot, can then compensate

such difference by its movements. A typical application of

leveling measurement in a robotic system is shown in Fig. 7.

Comparing with the basic system in Fig. 3, here we conduct

the leveling calculation in the robot controller.

Direct result of leveling measurement is with respect of the

vision frame. For robot to compensate such deviation, we need

to transform the measurement result, specifically speaking the

angle β as in (3), to the robot coordinates system. Such

transformation can be obtained by robot-camera calibration.

Traditional robot-camera calibration needs the robot to

touch the origin of camera calibration board by a probe. We

may further notice that only the relative orientation of vision

and robot frames matters, and the translational relation is not

needed. Therefore, we can use any coordinate frame parallel

with the vision frame. Instead of using a physical probe, we

further propose to use a virtual probe, for instance a laser
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Fig. 7. Leveling measurement in a robotic system.

pointer. As shown in Fig. 8, we let the robot translate in

the xy plane, and the camera would detect and locate the

laser point. By robot movements and corresponding laser point

coordinates, relative orientation can be calculated. This can be

easily automated because no physical contact happens during

the identification process.

Fig. 8. Orientation identification with the help of laser pointer.

During robot teaching with the golden pallet, a good pro-

gramming practice is to setup a work object frame [17] at the

pallet, and define all the robot targets relative to this work

object frame. After we get the leveling results in production,

we can modify the coordinates of work object frame. In par-

ticular in the ABB system, we can simply apply the measured

orientation to the oframe field [17] of the work object frame.

All the taught targets will be automatically updated, thus the

leveling error can be compensated.

IV. LEVELING MEASUREMENT VERIFICATION

A. Experiment Setup

In this section, we come up with an experiment to verify

the proposed leveling measurement method. As the experiment

setup shown in Fig. 9, a piece of mirror is attached to the robot

end-effector. We use the Cognex smart camera with 1200 ×
1600 pixel resolution, and with two different lens of focal

length 16 mm and 35 mm. With a large focal length, we

Fig. 9. Verification experiment setup of leveling measurement.

Fig. 10. Error angle and error cone.

have a larger ROI1/FOV2ratio. Therefore, we would expect to

have finer measurements of displacements of marker’s image,

and thus smaller errors.

According to our sensitivity analysis, precision of value H
and parallelism between mirror and camera image plane are

not very important as long as H is large enough. As a result,

distance between camera and initial mirror plane is measured

by a ruler with H = 660 mm, and we use no special tool

to adjust the camera and calibration board (not shown in the

figure) with respect to mirror.

Since the mirror is mounted on the robot, we rotate it a

little bit (1◦ in our case) about the x axis and y axis in robot

frame respectively. The corresponding coordinates of marker’s

1ROI: Region of Interest
2FOV: Field of View
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Fig. 11. Mean and range of experiment errors for both lens.

image in the vision frame are recorded, based on which we

can identify the relative orientation of robot and vision frames.

In the experiment, robot is programmed such that α varies

from 0.05◦ to 2◦ with step 0.05◦, and β varies from −175◦ to

180◦ with step 5◦. Since the rotation range is small, we can

treat the robot motion command as actual rotation values, and

compare the measured leveling at each mirror configuration.

We repeat the experiment procedure for 5 times for both lens

of focal length 16 mm and 35 mm.

B. Experiment Results

It is not good to directly compute the errors of α and β
angle, since we would meet the parameterization singularity

around α = 0:

∂z′

∂β

∣∣∣∣
α=0

=

⎛
⎝sinα cosβ
sinα sinβ

0

⎞
⎠
∣∣∣∣∣∣
α=0

=

⎛
⎝0
0
0

⎞
⎠ . (8)

In other words, when α ≈ 0, a small difference in leveling

situation may lead to a large error in β. Instead, we calculate

the angle between actual and measured normal vectors, as the

angle between solid and dashed z′ in Fig. 10. This presents

an error cone (see also in Fig. 10) within which the measured

normal vector locates around the actual one.

Mean value and the ranges of error angle at each tilt

configuration are shown in Fig. 11. Color of red represents

large error and blue stands for small value. From the results

we can conclude that the proposed leveling method has quite

good accuracy performance. Maximum error angles for both

16 mm and 35 mm lens are about 0.06◦. The small the α
angle is, the better accuracy we can get. Error distributes

Fig. 12. Error of β in the region of small α angle.

unevenly with different β, and with similar pattern, for both 16

mm and 35 mm lens. The unevenness and difference between

two lens could be caused by residual camera distortion after

calibration, slight non-parallelism of mirror and calibration

board at reference configuration, and the non-flatness of mirror

surface.

Surprisingly, the mean performance of 16 mm lens is at the

same level as the 35 mm lens. It may be resulted from the

large value of H . However, the max error of 16 mm lens is

slightly larger. In addition, from the figure of error range we

can see that 35 mm lens has more stable performance.

If we check the error of β in the region of small α angle,

as shown in Fig. 12, we do observe much larger errors with

16 mm lens than the 35 mm one. But the error angles

are small as in Fig. 11 in the neighborhood of reference

mirror configuration, which coincides with our discussion of

parameterization singularity.

V. LEVELING COMPENSATION VALIDATION

In order to validate our leveling measurement and compen-

sation method, we apply it to our demonstration line which

assembles USB disks. In one robot station as shown in Fig. 13,

a pallet holding the PCB board, USB housing and cover inside

would be lifted and well positioned by a lifting mechanism.

The robot will sequentially pick up the PCB board and place

it into the housing, and pick up the cover and assemble it

with the housing by snap-fit connection. We place a piece of

mirror on the pallet and use the Cognex camera to measure

its leveling.

For better visual observation, we intentionally block up

one side of the lifting mechanism to create the tilt about

1◦, as shown in Fig. 14. This leveling will be measured and

compensated by robot movements. We compare the assembly

performance with or without the leveling compensation. Fig.

15 shows the moment before snap-fit. Obviously as in Fig.

15(a), if we do not sense and compensate the pallet leveling,

the gap between cover and housing on the left hand side is

much larger than that on the right hand side. This will lead

to a failure of snap-fit and a product in bad quality. As a

comparison, with leveling compensation the gaps on both sides

are nearly the same as in Fig. 15(b), which demonstrates the

effectiveness of the proposed method.
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Fig. 13. Validation experiment setup of leveling compensation.

Fig. 14. Blocking up one side of the lifting mechanism to create leveling.

VI. CONCLUSION

We propose a leveling measurement method in this paper,

which takes advantage of a reflective surface and vision

system to convert the plane leveling into displacement of the

marker’s image. We describe the basic system with its working

principle, and analyze the parameter sensitivity. Implementa-

tion issue and leveling compensation approach with robotic

systems are stated.

To examine the measurement performance, we conduct a

verification experiment and compare the measured leveling

with robot motion. Results show quite good accuracy of

the proposed methods. A further validation experiment of

deploying it in a USB disk assembly station demonstrates that

our measurement system can effectively sense and compensate

the leveling error.

(a)

(b)

Fig. 15. Validation result. (a) assembly without leveling compensation; (b)
assembly with leveling compensation.

REFERENCES

[1] Wikipedia. Autocollimator. https://en.wikipedia.org/wiki/
Autocollimator.

[2] P. R. Yoder, E. R. Schlesinger, and J. L. Chickvary. Active annular-beam
laser autocollimator system. Applied optics, 14(8):1890–5, 1975.

[3] J. Yuan and X. Long. CCD-area-based autocollimator for precision
small-angle measurement. Review of Scientific Instruments, 74(3):1362–
1365, 2003.

[4] P. Shi and E. Stijns. New optical method for measuring small-angle
rotations. Applied Optics, 27(20):4342–4344, 1988.

[5] M. Ikram and G. Hussain. Michelson interferometer for precision angle
measurement. Applied Optics, 38(1):113–20, 1999.

[6] F. Cheng and K. C. Fan. High-resolution angle measurement based on
michelson interferometry. Physics Procedia, 19(19):3–8, 2011.

[7] O. Sasaki and T. Suzuki. Two-dimensional rotation angle measurement
using a sinusoidal phase-modulating laser diode interferometer. Optical
Engineering, 42(4):1132–1136, 2003.

[8] X. Dai, O. Sasaki, J. E. Greivenkamp, and T. Suzuki. Measurement of
small rotation angles by using a parallel interference pattern. Applied
Optics, 34(28):6380–6388, 1995.

[9] Z. Ge and M. Takeda. High-resolution two-dimensional angle measure-
ment technique based on fringe analysis. Applied Optics, 42(34):6859–
6868, 2003.

[10] P. S. Huang, S. Kiyono, and O. Kamada. Angle measurement based
on the internal-reflection effect: a new method. Applied optics,
31(28):6047–55, 1992.

[11] P. S. Huang and J. Ni. Angle measurement based on the internal-
reflection effect and the use of right-angle prisms. 34(22):4976–4981,
1995.

[12] W. Zhou and L. Cai. Interferometer for small-angle measurement based
on total internal reflection. Applied Optics, 37(25):5957–5963, 1998.

[13] M. H. Chiu, J. Y. Lee, D. C. Su, and K. H. Lee. Angle measurement
using total-internal-reflection heterodyne interferometry. Optical Engi-
neering, 36(6):1750–1753, 1997.

[14] G. Margheri, A. Mannoni, and F. Quercioli. High-resolution angular and
displacement sensing based on the excitation of surface plasma waves.
36(19):4521–4525, 1997.

[15] J. Guo, Z. Zhu, and W. Deng. Small-angle measurement based on
surface-plasmon resonance and the use of magneto-optical modulation.
38(31):6550–6555, 1999.

[16] S. F. Wang, M. H. Chiu, C. W. Lai, and R. S. Chang. High-sensitivity
small-angle sensor based on surface plasmon resonance technology and
heterodyne interferometry. Applied Optics, 45(26):6702–6707, 2006.

[17] ABB. 3HAC050917-001, Technical reference manual - RAPID
Instructions, Functions and Data types. Revision A. Online
available at http://developercenter.robotstudio.com:80/Index.
aspx?DevCenter=DevCenterManualStore&OpenDocument&Url=..
/RapidIFDTechRefManual/Custom/RapidIFDTechRefManual.html.

1849



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


