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Contrary to the academic interests of other existing studies elsewhere, this study deals with how the 

alignment algorithms such as sensitivity or Differential Wavefront Sampling (DWS) can be better used 

under effects from field, compensator positioning and environmental errors unavoidable from the shop-floor 

alignment work. First, the influences of aforementioned errors to the alignment state estimation was 

investigated with the algorithms. The environmental error was then found to be the dominant factor 

influencing the alignment state prediction accuracy. Having understood such relationship between the 

distorted system wavefront caused by the error sources and the alignment state prediction, we used it for 

simulated and experimental alignment runs for Infrared Optical System (IROS). The difference between 

trial alignment runs and experiment was quite close, independent of alignment methods; 6 nm rms for 

sensitivity method and 13 nm rms for DWS. This demonstrates the practical usefulness and importance 

of the prior error analysis using the alignment algorithms before the actual alignment runs begin. The 

error analysis methodology, its application to the actual alignment of IROS and their results are described 

together with their implications.  
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I. INTRODUCTION

Over the last few decades or so, a number of computer- 

aided alignment estimation methods have been developed. 

Figoski et al. [1] used the sensitivity table method for 

alignment of a wide field, three mirror system. Liu et al. 

[2] found the best set of compensators by calculating the 

condition number of the sensitivity matrix combination for 

the target optical system. In the meantime, Kim et al. [3] 

reported the merit function regression (MFR) method 

utilizing an optimization algorithm benefitted from multiple 

wavefront error (WFE) measurements. Generally, they are 

used to estimate the misalignment state of the selected 

compensators by using the WFE measurement from 

multiple fields. On the other hand, Lee et al. [4] proposed 

Differential Wavefront Sampling (DWS) using the second 

derivative terms of astigmatism (i.e. diagonal astigmatism, 

Z5) and the single center field WFE measurement along 

the optical axis.

While their capability has been well documented however, 

aforementioned methods tend to neglect the combined 

effects of practical alignment errors onto the alignment 

state estimation. These include spatial and temporal variations 

of environmental conditions in WFE measurement, motion 

accuracies inherent from the use of alignment tools, etc. In 

earlier studies, researchers addressed the above effects 

individually and, to lesser extents, for performance 

verification of their computer-aided alignment algorithms 

used in alignment of their target optical system [4-7]. 

However, the actual alignment runs were made in inadequate 

accuracy range so that their algorithm performances were 

not investigated in detail. Furthermore, the effects of field 

positioning inaccuracy has never been taken into account. 

Hvisc et al. [8] attempted the singular value decomposition 
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FIG. 1. Schematic diagram of the infrared optical system 

(IROS).

(SVD) analysis to understand the aberration modes when 

aligning the wide field corrector of the Hobby-Eberly 

Telescope. Their study resulted in a relationship between 

the optical component position and their aberration effects, 

while it did not address the alignment effects from the 

aforementioned error sources.

There are three important error sources involved in the 

alignment experiment; field, compensator positioning, and 

environmental errors. The focus of the interferometer can 

be placed in an unintended position (i.e. field error) or the 

movement of compensators can have errors due to the 

imperfection or low resolution of motion stages (i.e. 

micrometer positioning error). More critically, the 

environmental conditions such as air turbulence or 

vibration during the WFE measurement may affect the 

resulting interferogram, which causes variations in the 

Zernike coefficients that are key values to computer-aided 

alignment (i.e. environmental error). These three errors 

tend to affect the alignment result in different manners, 

depending on the algorithm to be used. Therefore, it 

would be of great usefulness, if the alignment effects of 

these error sources and their relationships with the alignment 

state estimation algorithms were analyzed before computer- 

aided alignment experiment is commenced in optics shops.

In this paper, we first studied the alignment state 

estimation performances of two algorithms i.e. the 

sensitivity method and DWS technique under the presence 

of the above mentioned error sources. We then applied our 

findings to both simulated and actual computer-aided 

alignment runs for an infrared optical system (IROS) [9]. 

Since the two methods use different number of fields and 

different Zernike coefficients measured, we checked the 

usefulness of our findings by comparison of their per-

formance results. In Section 2, we describe the error 

analysis concept and methodology in details. These are 

followed by the IROS alignment experiment and results as 

shown in Section 3. Section 4 is concerned with discussion 

and implications of the analysis results. 

II. ALIGNMENT EXPERIMENT ERROR MODELS

2.1. Target Optical System: IROS

Figure 1 shows the f/2.7 IROS schematic diagram. It 

consists of three mirrors (M6, M7, and M8) and four 

lenses (L1, L2, L3, and L4). The front-end telescope, not 

shown in the figure, delivers the incident light beam onto 

a dichroic beam splitter (BS) where it is divided into the 

electro-optical (EO) and infrared (IR) wavelength bands. 

The EO band (400 nm~900 nm) is focused onto a CCD 

detector directly after being reflected from BS, while the 

IR band (3 μm~5 μm) is transmitted through BS and 

focused onto an IR detector via IROS. The front-end 

telescope and IROS can be developed separately and 

assembled together in modular manner. The IROS WFE 

requirement was to be around 225 nm rms. This was to 

ensure near-diffraction limited performance at the system 

level. 

2.2. Environmental Error

The WFE measurement with an interferometer is sensitive 

to air turbulence and instrument vibration while the 

measurement data is taken. The influences of environmental 

disturbances to the estimation of the alignment state were 

investigated as explained below and in Fig. 2. 

1. Amount of initial misalignment of each compensator 

is input. They are generally in sub-millimeter scale. 

This misalignment is to be estimated and then 

corrected from using the alignment algorithms. 

2. The Zernike coefficients of the misaligned optical 

system wavefront are computed. The sensitivity 

method uses 5 Zernike coefficients from 5 measurement 

fields (on-axis and 4 edge diagonal fields); 0°, 45° 

astigmatism (Z5, Z6), x, y coma (Z7, Z8) and 3
rd

 

order spherical aberration (Z9) coefficients. For the 

DWS method, the field is fixed at the center along 

the optical axis and the positions of compensators are 

deliberately perturbed back and forth to obtain two 

sets of 5 Zernike coefficients (Z5~Z9).

3. The misaligned system rms WFE (W) can be 

approximated from the root-sum-square (RSS) of the 

measured Zernike coefficients (Z5~Z9) obtained from 

all fields in the sensitivity method and all positions 

in the DWS method. 

4. The environmental error range (σ1) is then set. It is 

experimentally determined from using the standard 

deviation (SD) of repeatable WFE measurement in 

actual alignment practice.

5. The random numbers (αi) are generated according to 

a normal distribution with zero average and SD of σ1. 

These numbers are added to each Zernike coefficient 

to make an erroneous Zernike coefficient (Zi+αi). This 

is to simulate the random effects of environmental 

variation such as instrument vibration or air 

turbulence. We then calculate the RSS of the erroneous 
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FIG. 2. Flow chart for simulating the influence of environmental 

disturbances to the estimation of the alignment state.

FIG. 3. Simulation results of sensitivity and DWS methods 

related to the environmental error. Black dashed line is the 

requirement and δu is the range of deliberate perturbation.

FIG. 4. (a) Concept of multiple fields WFE measurement with 

iron ball (b) Schematic diagram of the field error at i-th field with 

given error range (σ2).

Zernike coefficients (WE). 

6. If the difference between W and WE is larger than σ1, 

other random numbers are generated to produce a 

new set of erroneous Zernike coefficients in step 5. 

This process is repeated until the criterion is met as 

in step 6 in Fig. 2.

7. Employing alignment algorithms, the amounts of 

current misalignments for each compensator is 

derived. The final rms WFE is then calculated after 

compensating for the estimated initial misalignments. 

8. The process step 5~7 are repeated 100 times to 

obtain the averaged rms WFE and its standard 

deviation. 

Figure 3 shows the analysis results at the four edge 

fields. The initial misalignments of compensators were set 

to 0.5 mm. The environmental error used varies from 0.1 nm 

to 30 nm rms. 0.1 nm was used to simulate the best 

measurement accuracy of a commercial interferometer, 

while 30 nm was to represent the measurement under the 

harsh environmental conditions. The total 100 iterative 

computations were carried out for each environmental error 

input. 

For the DWS method, two different perturbations (δu) 

of 100 μm and 500 μm for each compensator were used. 

Initially, the 500 μm perturbation case was analyzed to set 

the reference response, even though it generated WFE too 

large to be measured with a commercial Fizeau type 

interferometer. Figure 3 shows remarkably stable results 

within the requirement from the sensitivity method, while 

the DWS method tends to increase rms WFE significantly 

beyond the requirement as the measurement error increases. 

We believe that the higher robustness of the sensitivity 

method than for DWS comes from the average-out effects 

of random environmental errors by using more parameters; 

the sensitivity method utilizes 25 parameters (i.e. 5 Zernike 

coefficients at 5 different fields), whereas there are only 

10 parameters used for DWS method (i.e. 1 Zernike 

coefficients, which is Z5, at 10 different positions - 5 

compensators per deliberate perturbation at single field).

2.3. Measurement Field Error

As the sensitivity method uses multiple field WFE 

measurements while DWS uses the single field, the 

measurement field error can be further amplified for the 

sensitivity method than for DWS. Figure 4(a) shows the 

concept of multiple field WFE measurement. A reference 

iron ball is placed at the measurement focal plane and the 

distance variation between the interferometer and the focal 

plane is continuously adjusted. In this arrangement, the 

field position error in the optical axis (Z) direction plays 

an insignificant role during the measurement. We can then 

consider x and y axis position errors as in Fig. 4(b). FX 

and FY are field directions along x and y axis. Fi is the 

ideal position, FE the actual position with the error included, 

σ2 the maximum field error in radius and α (α2i-1 and α2i 

means odd and even numbers) the error at each axis. After 

setting up the interferometer position, the iron ball is 

removed and the IROS WFE is measured. In this manner, 
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FIG. 5. Flow chart for simulating the influence of field error to 

the estimation of the alignment state.

FIG. 6. Simulated rms WFE versues field error for sensitivity 

method. Black dashed line is the requirement. FIG. 7.  Schematic diagram of the stage position error.

we can measure and analyze the field error for the 

sensitivity method. 

For analysis of field error in the sensitivity method, the 

following steps were applied as shown in Fig. 5. 

1. The analysis step 1 is as same as in the environmental 

error case already mentioned. The amount of initial 

misalignment is given to each compensator and it 

needs to be computed and corrected. 

2. The total 10 random field errors with given range (σ2) 

are generated and added to each normalized field to 

represent field error; ((0±

, 0±


), (1±


, 1±


), 

(1±

, -1±


), (-1±


, 1±


), (-1±


, -1±


)). 

The z-axis error is not considered, as it is calibrated 

with the iron ball at the focal plane.

3. We obtain 0° and 45° astigmatism (Z5, Z6), x and y 

coma (Z7, Z8) and 3
rd

 order spherical aberration (Z9) 

coefficients from 5 measurement fields (on-axis and 4 

edge diagonal fields) inclusive of the field position 

errors. 

4. The alignment algorithm is then used to estimate the 

current misalignment for each compensator. The final 

rms WFE is then obtained after compensating for the 

estimated current misalignments. 

5. The process steps from 2 to 4 are repeated to derive 

the average rms WFE and its SD.

Figure 6 shows the analysis results, showing the mean 

WFE and SD bar from 100 iterative simulations at 5 fields 

(4 edge fields and on-axis field). The aligned WFE is 

located within the requirement for all fields over the field 

error range from 100 microns to 2 mm. This implies that 

the sensitivity method is very well immune to the field 

position error in wavefront measurement.

2.4. Micrometer Positioning Error

For the case of the sensitivity method, the positioning 

error does not occur, as the compensators are stationary 

during the WFE measurement. On the other hand, the 

positioning error of compensator stages affects the alignment 

estimation performance of the DWS method as it requires 

for the deliberate perturbation of compensator location 

along the mount axis, in order to obtain the gradient of 0° 

astigmatism (Z5). The concept of the positioning error 

model is depicted in Fig. 7. Here the decenter of L3 and 

L4 in X and Y, and their lateral shift along the light path 

are of main interests to the analysis model. Their intended 

motion (δu) and its unexpected error (σ3) taking place 

during the alignment action are drawn in Fig 7. 

The model analysis steps follow the procedure listed 

below and as shown in Fig. 8. 

1. The analysis step 1 is as same as in the environmental 

error case already mentioned. The amount of initial 

misalignment is given to each compensator and it 

needs to be computed and corrected. 

2. The random positioning error within the range (σ3) is 

generated and input to the deliberately perturbation 

of the compensator back (-δu) and forth (+δu). This 

is to represent the position accuracy of the compensator 

mount in alignment action.

3. We then obtain the erroneous 0° astigmatism (Z5) 
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FIG. 8. Flow chart for simulating the influence of micrometer 

positioning error to the estimation of the alignment state.

FIG. 9. Micrometer positioning error model applied to DWS 

method. Black dashed line is the requirement and δu is the range 

of deliberate perturbation.

coefficients from the on-axis field at back (ME(-)) and 

forth (ME(+)) positions. 

4. The gradients of Z5 are computed for each 

compensator movement. Z5(+) is obtained from the 

forward (ME(+)) perturbation positions and Z5(-) from 

backward (ME(-)) perturbation positions. For the 

calculation, the deliberate perturbation range is fixed 

to 2δu. 

5. The alignment algorithm is used to estimate the 

current misalignments of each compensator. The final 

rms WFE is then obtained after compensating for the 

estimated current misalignments. 

6. The process steps from 2 to 5 are repeated to obtain 

the average final rms WFE and its SD.

Figure 9 shows the model analysis results for two 

perturbation cases of 100 μm and 500 μm. Each point in 

the graph is the mean WFE and SD bar derived from 100 

iterative computations only at the on-axis field. The 

resulting rms WFE remains stationary over the positioning 

error range from 0.1 micron to about 5 microns and it 

increases marginally between 5 microns to 10 microns in 

range. Nevertheless, the trend is clear that it remains well 

below the requirement. This implies that the DWS method 

is practically insensitive to the micrometer positioning 

error when aligning IROS. In summary, we gathered 

convincing evidence that, for the actual IROS alignment 

run, we do not need to be concerned about the field error 

if the sensitivity method was to be used and the positioning 

error if the DWS method was to be applied.

III. ALIGNMENT EXPERIMENTS

Trial alignment runs were made for IROS with the 

sensitivity and DWS methods. Figure 10(a) shows the 

schematic diagram of the alignment set-up and Fig. 10(b) 

is a photograph of the actual experiment configuration. 

The IR interferometer sends a spherical wave of f/2.5 to 

the IROS focal plane. It passes through the transparent 

window and lens group from L4 to L1. The IR beam is 

reflected from M8 toward M6. As explained in Section 1, 

in order to simulate the front-end optics, a parallel plate 

and a spherical mirror of 100 mm in diameter and of 529 mm 

in curvature of radius are added; the parallel plate acts as 

a BS of front-end optics and a spherical mirror reflects the 

spherical wave generated by IROS back to the interferometer.

A Fizeau type IR interferometer operating at 3.39 μm in 

the wavelength of the He-Ne laser was used for the 

wavefront measurement. As expressed already, the initial 

sensitivity analysis defined the compensators for alignment 

as L3 decenter (x,y), L4 decenter (x,y) and L4 despace 

(see Figure 1) [10]. The tolerances were set to 0.05 mm 

for all the compensators. The main compensator L3 and 

L4 were mounted on a commercial two-axis linear stage 

with 10 μm in micrometer resolution. The IROS optical 

design defines 124 nm in rms WFE for the center field 

and 225 nm for the whole field target performance. The 

IROS is designed to operate 4200 nm in wavelength and, 

with the above mentioned WFE target, it is expected to 

show a near diffraction limited performance.

100 WFE measurements were made at each field and 

the resulting WFE data were averaged to understand the 

environmental error influence to the system wavefront. The 

measurements were made over all 5 fields and the results 

show 2 nm rms in SD. This leads to, according to Fig. 3, 

the IROS alignment state influence of 132 nm would be 

arising from the sensitivity method and of 223 nm with 

115 nm in SD from the DWS method under the deliberate 

perturbation of 100 μm. It would be further aggravated if 

we take the surface error of 30 nm rms in average for 

total 14 surfaces into consideration. In this case, the 

alignment state would worsen to 174 nm in RSS for the 

sensitivity method and 249 nm for the DWS method. 

Therefore, it was predicted that the application of 
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FIG. 11.  WFEs measured straight after the IROS integration, but 

before the fine alignment using alignment algorithms: (a) 995 

nm, (b) 1001 nm, (c) 216 nm, (d) 1004 nm, and (e) 966 nm. 

Piston, tip-tilt, and defocus term removed.

 

FIG. 10. (a) Schematic diagram of the alignment configuration and (b) Experimental setup.

FIG. 12. WFE measurement results after alignment runs with 

sensitivity method:  (a) 157 nm, (b) 157 nm, (c) 130 nm, (d) 171 

nm, and (e)188 nm. Piston, tip-tilt and defocus errors removed.

FIG. 13. WFE measurement results after alignment runs using 

DWS method:  (a) 359 nm, (b) 275 nm (c) 116 nm (d) 209 nm (e) 

208 nm. Piston, tip-tilt and defocus error terms removed.

sensitivity method to the IROS alignment would satisfy 

225 nm in the target WFE requirement, while the DWS 

method would not produce such successful results.

Having understood the aforementioned environmental 

influences to the alignment state estimation, we measured 

rms WFE at the center and 4 edge fields before the 

commencement of the IROS fine alignment. As shown in 

Fig. 11, the results vary from 966 nm to 1004 nm over 4 

edge fields and 216 nm at the center. These are clearly 

beyond the requirement of 225 nm rms. From the 

measurement data, the Zernike coefficient set was extracted 

for the sensitivity method while, for the DWS method, Z5 

(0 degree astigmatism) was derived at the center field with 

100 μm of perturbation in both directions of compensators. 

This amount of perturbation was nearly the maximum limit 

of the practical WFE measurement with a commercial 

Fizeau type IR interferometer for IROS.
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FIG. 14. Evolution of rms WFE in simulated and experimental 

alignments of IROS. The simulation result is obtained with the 

measured environmental and surface figure errors mentioned 

above. Black dashed line is the requirement and δu the 

deliberate perturbation applied to DWS.

Figure 12 shows the WFE measurement results after the 

alignment run using the sensitivity method. The resulting 

WFE distribution varies from 157 nm to 188 nm for the 

off-axis fields (168 nm in average) and they are quite 

close to 174 nm that is the theoretical expectation. The 

alignment results with DWS method are shown in Fig. 13, 

ranging from 208 nm to 359 nm for the off-axis fields 

(262 nm in average) and 116 nm for the on-axis center 

field. These values also fall close to our expectation, 249 

nm, even though the application of DWS method to the 

IROS alignment would produce less successful results 

across all fields. Specially, the WFEs of 359 nm at (-1,1) 

field and 275 nm at (1,1) field do not meet the requirement 

of 225 nm, whereas the other field shows marginally close 

to satisfaction. In general, the above mentioned experimental 

results demonstrate that the prior analysis of practical error 

sources in alignment can be an effective tool for choosing 

the proper alignment algorithm and for efficient alignment 

process.

IV. DISCUSSION

Figure 14 shows both predicted and experimented rms 

WFE data of IROA just after the initial integration and 

after the fine alignment. The measured environmental 

wavefront error of 2 nm rms and the averaged surface 

figure error of 30 nm rms WFE for 14 surfaces in total 

were added to form the data shown in the figure. The 

initial wavefront error is the averaged value of all the 

wavefront error data appeared in Fig. 11, while those of 

“Experiment” and “Simulation” are from the data depicted 

in Fig. 12, Fig. 13. and Fig. 3. 

First, we note that the simulated average rms WFE is 

174 nm and it is very close to 168 nm from the experiment. 

And their field imbalances are 10 nm in simulation and 14 

nm from the measurement respectively. On the other hand, 

the average rms WFE from the DWS simulation turns out 

to be 249 nm but 262 nm in experiment. Their field 

imbalances are 112 nm in simulation and 71 nm in 

experiment respectively. The close proximity of predicted 

and experimental WFE tells us that all the influences from 

those practical alignment error sources have been well 

accounted for in both simulation and experiment analysis 

of the alignment state. We also note that the field error 

effects to the sensitivity method performance and the 

positioning error effects to the DWS method performance 

are negligible as predicted in section 2. However, the error 

analysis can suggest how the DWS method can be better 

used; for example, if the environmental error can be 

reduced to less than 1 nm rms or the optical system is 

capable of dealing with 400 μm or larger perturbation, 

then the IROS can be aligned to within the requirement by 

using the DWS method. To those extents, the error 

analysis method presented in this study is an efficient tool 

to increase the WFE estimation performance of the 

alignment algorithm and therefore the process efficiency of 

actual alignment run.

V. CONCLUSION

While environmental, measurement field and micrometer 

positioning errors play important roles in decreasing the 

process efficiency of the computer-aided alignment, earlier 

studies [1-7] gave less academic attention to these very 

subjects. On the contrary, this study addresses detailed 

modeling and analysis of such error sources influencing 

the alignment estimation performance for actual alignment 

run. The analysis results show that the environmental error 

plays the most significant role in degrading the alignment 

process efficiency, whereas the influences from the field 

and positioning error can be negligible depending on the 

choice of alignment algorithm used. 

We applied these findings to the application of sensitivity 

and DWS algorithms for alignment of IROS both in 

simulation and in experiment. The results show that the 

sensitivity method gave the aligned WFE thus satisfying 

the requirement, while the DWS method was less successful. 

This demonstrates that, with prior error model analysis of 

the target optical system using the alignment algorithms, a 

proper alignment method can be selected depending on 

what plays the role of the primary alignment error source, 

even before the actual alignment run commences. We 

believe that the work and findings presented in this study 

would contribute greatly to the increasing process efficiency 

for actual alignment run during the final integration and 

testing phase for high performance optical systems. 



Journal of the Optical Society of Korea, Vol. 17, No. 6, December 2013532

ACKNOWLEDGMENT

This work was mainly supported by Korea Research 

Council of Fundamental Science & Technology – Grant funded 

by the Korean Government (KRCF-2012-CAP-1345194477). 

The manuscript preparation was supported, in part, by 

NRF grant 2012-0006632 and the SRC program 2010-0027910 

of Center for Galaxy Evolution Research. 

REFERENCES

1. J. W. Figoski, T. E. Shrode, and G. F. Moore, “Computer- 

aided alignment of a wide field, three-mirror, unobscured, 

high-resolution sensor,” Proc. SPIE 1049, 166-177 (1989)

2. J. Liu, F. Long, and W. Zhang, “Study on computer-aided 

alignment method,” Proc. SPIE 5638, 674-681 (2005).

3. S. Kim, H.-S. Yang, Y.-W. Lee, and S.-W. Kim, “Merit 

function regression method for efficient alignment control 

of two-mirror optical systems,” Opt. Express 15, 5059-5068 

(2007).

4. H. Lee, G. B. Dalton, I. A. J. Tosh, and S.-W. Kim, 

“Computer-guided alignment II: Optical system alignment 

using differential wavefront sampling,” Opt. Express 15, 

15424-15437 (2007).

5. B. F. C. de Albuquerque, R. V. F. Lopes, H. K. Kuga, E. 

G. de Carvalho, L. C. N. Scaduto, and M. A. Stefani, 

“Misalignment parameters estimation in refractive optical 

systems,” Proc. SPIE 7068, 70680P (2008).

6. D. C. Redding, N. Sigrist, J. Z. Lou, Y. Zhang, P. D. 

Atcheson, D. S. Acton, and W. L. Hayden, “Optical state 

estimation using wavefront data,” Proc. SPIE 5523, 212-224 

(2004).

7. N. Sigrist, D. C. Redding, J. Z. Lou, Y. Zhang, and S. 

Basinger, “Optical system alignment via optical state 

estimation using wavefront measurements,” Proc. SPIE 

5965, 596524 (2005).

8. A. M. Hvisc and J. H. Burge, “Alignment analysis of 

four-mirror spherical aberration correctors,” Proc. SPIE 

7018, 701819 (2008).

9. H.-S. Yang, H. Kihm, I. K. Moon, G.-J. Jung, S.-C. Choi, 

K.-J. Lee, H.-Y. Hwang, S.-W. Kim, and Y.-W. Lee, 

“Three-shell-based lens barrel for the effective athermal-

ization of an IR optical system,” Appl. Opt. 50, 6206-6213 

(2011).

10. H.-S. Yang, H. Kihm, I. K. Moon, J.-B. Song, and Y.-W. 

Lee, “Stand-alone assembly of IR camera,” 61st IAC 10, 

BI.3.8 (2010).



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /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 false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts 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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 Adobe PDF documents for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


