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Intensity Gradient and Low Color Separation at the Cutoff Line

Byung-Yun Joo
1
 and Jae-Hyeon Ko

2
*

1
Department of Mechanical Engineering, Korea University of Technology and Education, 

Cheonan 330-708, Korea
2
Department of Physics, Hallym University, Chuncheon 200-702, Korea

(Received September 14, 2015 : revised December 2, 2015 : accepted December 3, 2015)

The shape and location of the cutoff shield in a projection-type headlight system were optimized by 

a ray-tracing technique. A shield based on a Petsval surface showed better cutoff characteristics than a 

flat or cylindrical shield, such as a sharp intensity gradient and less color separation at the cutoff line. 

Adjustment of the shield’s location between the reflector and the aspheric lens further improved its cutoff 

characteristics.
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I. INTRODUCTION

The automotive lighting system is an important part of a 

vehicle, for the driver’s safety and comfort. Recent develop-

ment of car headlights has been focused on improving the 

driver’s emotional satisfaction. For example, intelligent headlamps, 

such as AFS (adaptive front-lighting system), and matrix 

headlamps [1, 2], have been studied and developed, and 

can be used to reduce the glare that an oncoming driver 

may experience, as well as to enhance the illumination needed 

by the car’s own driver. In addition, it is necessary to reduce 

the color lines at the cutoff line; for example, the bluish 

line caused by high-intensity-discharge headlamps should 

be removed, using an appropriate optical design. The range 

of color coordinates in the illumination area of the headlamps 

is defined by regulations, the SAE and ECE white limits 

(SAE, 1995; ECE, 2001) [3]. In spite of the fact that color 

dispersion at the cutoff line is not dealt with in these 

regulations, reduction of color lines has been requested by 

car makers for better driver satisfaction. 

Figure 1(a) shows a schematic optical structure for a 

typical projection headlight. The light emitted from the source, 

which is located at one of the two foci, is collected on the 

other focus via the quasiellipsoidal mirror. This focus is 

the same as the focal point of the aspheric lens, realizing 

parallel rays after departing the lens. However, the rays 

incident on points near the focus of the aspheric lens are 

spreading along horizontal or vertical directions. In the 

case of the low beam emitted from a car headlight, there 

is a legal regulation that defines the intensity test points, 

and the headlight should satisfy the standard for the intensity 

distribution.

Figure 1(b) shows the intensity test points in the candela 

space, according to the ECE-R112 regulation [4]. Regarding 

the cutoff line in the figure, the intensity should be dark 

above this line and bright below, i.e. the intensity gradient 

should be very large along the cutoff line. As one specification 

for the intensity contrast at the cutoff line, the minimum 

value for the intensity gradient at X = -2.3
o
, which is the 

glare index G, is prescribed to be G = 0.08 in SAE and 

0.13 in ECE [5]. To form this cutoff line, a cutoff shield 

is located near the focus as an aperture stop to absorb 

light.

From the viewpoint of a car maker, reducing weight, 

number of components, and material cost have been very 

important in developing headlights with new optical designs 

and functionality. One approach is to switch the lens material 

from flint glass to plastic, and polycarbonate (PC) has been 

preferred over acrylic materials because of its high thermal 

stability. However, a PC lens sometimes suffers from color 

separation at the cutoff line due to the inherent dispersion 

of the material, i.e. the substantial dependence of its 
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(a)
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FIG. 1. (a) Schematic diagram of a typical projection headlight 

system, and typical ray paths therein. (b) A chart showing the 

intensity test points for beam pattern in the candela space, as 

included in the ECE-R112 regulation.

(a)

(b)

FIG. 2. (a) Schematic diagram for obtaining the approximate 

Petsval surface of a single PC lens, calculated by the 

ray-tracing technique. (b) Images of the single lens and its 

Petsval surface. 

refractive index on the wavelength of light. Reducing this 

color dispersion by adopting an appropriate optical 

structure is necessary for using PC lenses in car headlamps. 

Optical simulation has been an important tool for developing 

and optimizing the optical structures of automotive lighting 

systems [6, 7]. This study aims at the optimization of the 

shield geometry at the cutoff shield for a projection headlight, 

to realize a high intensity gradient and low color separation 

at the cutoff line. For this purpose, we adopt a PC-based 

aspheric lens. The performance of the proposed Petsval- 

surface-based shield is compared to those of previous flat 

or cylindrical shields using the ray-tracing technique. In 

particular, cutoff characteristics of the intensity and degree 

of the color separation are analyzed and compared in detail. 

II. DESIGN STRATEGY: CONSIDERATION OF 

CUTOFF INTENSITY AND COLOR 

FORMATION

Understanding the Petsval surface of an aspheric lens is 

important for an analysis of the formation of the intensity 

gradient and color distribution at the cutoff line. The Petsval 

surface can be considered as the three-dimensional (focal) 

curved surface consisting of the focal points formed by the 

lens, depending on the angle of incidence of the oblique 

parallel ray bundle incident upon the aspherical surface of 

the lens. That is, there is a functional correspondence between 

the three-dimensional coordinates (x, y, z) of the points 

comprising the Petsval surface of the lens and the emitting 

angle (X, Y) of the beam pattern in the candela space. We 

can control the angular intensity distribution (X, Y) by 

making the rays emitted from the light source be appropriately 

incident upon the Petsval surface.

The Petsval surface of an aspheric lens with a diameter 

of 70 mm and a focal length of 40.187 mm can be obtained 

by using a ray-tracing simulation technique, as shown in 

Fig. 2(a). In this figure A, B, C, and D denote the parallel 

ray bundles at illumination angles of (0
o
, 0

o
) (abbreviated 

as X0Y0) and X10Y0, X20Y0, and X30Y0 respectively, 

which were incident on the lens from the opposite side, 
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(a)

(b)

FIG. 3. Linearity between intensity angular coordinate and 

Petsval-surface coordinate system in the region of glare-index 

evaluation.

(a)

(b)

(c)

FIG. 4. Color separation of cut-off line boundary, depending 

on the direction of the incident rays: (a) rays incident on the 

lower part of the lens, (b) rays incident on the upper part of the 

lens, and (c) rays incident on both parts of the lens.

i.e. the front side of the headlight. In this study we obtained 

the three-dimensional coordinates of the focal point of 

each ray bundle by positioning an illumination receiver 

near the focal point. The “calculated best focus” option in 

the commercial ray-tracing software (LightTools v. 8.2 [8]) 

was used for this process. Focusing the ray bundles was 

easy for paraxial rays, but the rays incident at high angles 

contributed to blurring, due to coma aberration. Accordingly, 

the Petsval surface obtained in this way may be considered 

to be approximate. Figure 2(b) shows the shape of the 

approximate Petsval surface. The X and Y ranges were 

chosen to be -38
o
–38

o
 and -14

o
–14

o
 respectively, by considering 

the necessary intensity distribution of the low beam required 

by the specification at the design stage. The angular resolution 

of the incident parallel ray bundle was 2
o
 and 1

o
 for the X 

and Y directions respectively. The inflection points at the 

right and left ends of the Petsval surface in the xz-view 

seem to be due to the approximation error caused by the 

lens aberration. The points shown on the xy-view of the 

Petsval surface are the focal points formed by the ray 

bundles, which were used for the approximation of the 

Petsval surface. 

Figure 3 shows the linear relationship between the intensity 

angular coordinate system and the Petsval surface coordinate 

system in the candela space. Figure 3(a) shows the linear 

relationship between Y and y. The glare index G of the 

headlight beam pattern can be obtained by calculating the 

logarithmic value of the intensity ratio according to Eq. (1), 

when the cutoff line is scanned in steps of 0.1
o
 along the 

Y direction at X = -2.3
o 

[8]. In this equation IY denotes the 

intensity along the Y direction, and Φy the flux at y on the 

Petsval surface. Figure 3(b) shows the scanning direction 

in the candela space and the corresponding change in y on 

the Petsval surface. The increment of 0.1
o
 along the Y 

direction in the intensity angular coordinate system corresponds 

to Δy = -0.096 mm in the Petsval-surface coordinate 

system. Similarly, the increment of -2.3
o
 along the X 

direction corresponds to Δx = +2.39 mm. In other words, 

the intensity ratio can be expressed as the flux ratio on the 

Petsval surface, and the cutoff intensity gradient can be 

controlled by controlling the flux on the Petsval surface.
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(a)

(b)

FIG. 5. (a) Emission spectrum of the light source and (b) 

wavelength dependence of the refractive index of the 

polycarbonate lens material. 

FIG. 6. Headlight simulation model with 12 cut-off shield 

geometries. 

We carried out ray-tracing simulations for a point source 

located at the focal point of the lens under different emission 

angles, to investigate the color separation at the upper part 

of the cutoff line. Figure 4 shows this ray-tracing process. 

The emission spectrum of this point source is shown in 

Figure 5(a), which is a typical spectrum for an HID lamp. 

The dispersion of the refractive index of the PC lens is 

given by the Raurent model, as shown by Eq. (2) and in 

Fig. 5(b). 

λ λ
λ

⎛ ×= × + +⎜
⎝

-2

-3

2

2.7198 10
( ) 2.430668-1.31 10n

    λ λ λ
⎞× × ×+ + + ⎟
⎠

1/2
-4 -5 -6

4 6 8

3.09 10 7.23 10 5.5 10
 

(2)

The unit of wavelength in Eq. (2) is μm. According to 

the simulation result, it was found that the rays headed 

toward the lower part of the lens contributed to the bluish 

color above the cutoff line (Fig. 4(a)), while the rays 

headed toward the upper part of the lens contributed to the 

reddish color above the cutoff line (Fig. 4(b)). This is 

mainly due to the chromatic aberration of the PC lens, 

which cannot be avoided unless the PC is replaced with a 

low-dispersion material. Therefore, the only way to minimize 

the color-separation problem is to use color mixing of the 

rays incident on the lower and the upper parts of the lens, 

as shown in Fig. 4(c). This result indicates that the degree 

of color separation may be altered, depending on the 

z-offset (offset along the optical axis) of the cutoff shield. 

Accordingly, balancing the effects of the incident rays 

toward the upper and lower parts of the lens, and thus 

minimizing the color-separation problem, may become 

easier if we use the Petsval surface as the shape for the 

cutoff shield.

III. SIMULATION CONDITIONS

Figure 6 shows the simulation model of the projection 

headlight lamp. The geometric shape was constructed using 

the model “PES low beam; variable weights” in the ray- 

tracing simulator LucidShape [9]. H11 source modeling 

was used for the light source, the emission spectrum of which 

is shown in Fig. 5(a). The correlated color temperature 

was 3200 K, and the corresponding color coordinates were 

Cx = 0.454, Cy = 0.470. The reflectance of the bowl-shaped 

reflector was assumed to be 100%. The diameter and focal 

length of the PC aspheric lens were 70 mm and 40.187 

mm respectively, with k = -0.6099, c = 0.0305. The wave-
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TABLE 1. Geometric parameters of the 12 cut-off shields

Shield Type Parameter Note

F1 Flat z = 0 mm Placed at focal point

F2 Flat z = -0.50 mm Moved toward the light source

F3 Flat z = 0.25 mm Moved toward the lens

F4 Flat z = 0.50 mm Moved toward the lens

P1 Petsval sf = 0  % Approximate Petsval surface

P2 Petsval sf = 10 % Moved toward the light source

P3 Petsval sf = 15 % Moved toward the light source

P4 Petsval sf = 20 % Moved toward the light source

C1 Cylinder R = 27.78 mm Similar to P1

C2 Cylinder R = 38.46 mm Similar to P2

C3 Cylinder R = 57.14 mm Similar to P3

C4 Cylinder R = 117.64 mm Similar to P4

length dependence of the refractive index is given in Fig. 5(b).

We chose 12 cutoff-shield geometries in total, i.e. 4 flat 

shields, 4 Petsval-surface-based shields, and 4 cylindrical 

shields. The Petsval-surface-based and cylindrical shields 

were trimmed to match the shape of the flat shields when 

they were observed in the xy-plane, which means that all 

shield geometries were trimmed to meet the ECE R15 cutoff 

condition. These shapes are the same as the “ECE RHT 

15 shield geometry” incorporated in LucidShape. Geometric 

parameters of the 12 cutoff shields are tabulated in Table 

1. The z-coordinate of F1 is located at the focal point of 

the lens, and F2, F3, and F4 denote the offsets of the 

same shape along the optical axis. P1, P2, P3, and P4 

were formed by scaling the Petsval surface along the 

optical z-axis. The correction equation for the z-coordinate 

of the curved shield surface z(x, y) is given by Eq. (3), 

where zpetsval(x, y) denotes the z-coordinate of the Petsval 

surface and sf the scaling factor. 

( )2 2( , ) ( , )  
Petsval

z x y z x y sf x y= + + (3)

The reason for scaling the Petsval surface along the 

optical axis is that the Petsval surface obtained by ray 

tracing is an approximate surface that includes the blurring 

effect caused by lens aberration, an effect that can be 

reduced by increasing the z-scale factor. We also made 

cylindrical shields C1, C2, C3, and C4, the curvatures of 

which are similar to those of the corresponding Petsval 

surfaces.

The ray-tracing simulator used in this study was LightTools 

(Synopsis, v. 8.2), and the number of rays was 50,000,000. 

An intensity receiver of the photometric type A was used 

to monitor the simulation result. The angular resolution of 

the receiver was 0.3
o
 and 0.1

o
 along the X and Y directions 

respectively.

IV. RESULTS AND DISCUSSION

Figure 7 shows the extended view of the beam patterns 

formed by the 12 cutoff shields. As can be seen by comparing 

the results for the F1, F2, F3, and F4 shields, bluish color 

separation occurs near the cutoffs formed by shields F1 

and F2. F2 was offset along the z-direction by -0.5 mm, 

which blocked the rays incident on the upper part of the 

lens and allowed more rays to impinge on the lower part 

of the lens. This made the result for the F2 shield bluer 

than that for F1. On the other hand, shields F3 and F4  

are offset by 0.25 mm and 0.5 mm along the z-axis 

respectively, which made the cutoff region become a bit 

red. There is no noticeable color separation in the results 

of the Petsval-surface-based shields P1, P2, P3 and P4. 

This suggests that the light fluxes incident on the upper and 

lower parts of the lens are well balanced. However, we 

can see blurring on the horizontal cutoff line in the beam 

pattern of the P1 shield, which is caused by the rays with 

high X angles via lens aberration. Shields P2, P3, and P4 

were modified along the -z direction by using z-scale 

factors of 10%, 15%, and 20% respectively, which made 

the horizontal cutoff line clearer compared to the case of 

the P1 shield. All of our cylindrical shields C1, C2, C3, 

and C4 show bluish color separation in the central region. 

This can be explained by using the formation of the 

Petsval surface in Fig. 2: The Petsval surface due to ray 

condition A is well focused, while that due to condition B 

is blurred. The rays incident on the well-focused Petsval 

surface along the X0Y0 direction are more sensitive to 

color dispersion, resulting in the color separation.

Figure 8 shows the entire view of the beam intensity 

patterns formed by F3, P3, and C3, which displayed better 

cutoff characteristics among their respective shield types. 

The central regions formed by shields F3 and C3 are a bit 

reddish and bluish, respectively, while that formed by the 
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FIG. 7. Simulated beam patterns for the 12 shield geometries 

(a portion of the entire view). 

FIG. 8. Simulated beam patterns for the F3, P3, and C3 shields 

(entire view). 
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FIG. 9. Intensity change as a function of Y at (a) section 1 and (b) section 2, as shown in Fig. 8. 

P3 shield does not produce any noticeable color separation. 

The horizontal line formed by the F3 shield in the range 

X = -10–-15
o
 is blurred to some degree, while those formed 

by the P3 and C3 shields look clearer. The changes in 

intensity and color coordinates in sections 1 (X = -2.3
o
) 

and 2 (X = -10
o
) were analyzed quantitatively (see the 

lowest panel in Fig. 8).
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(a)

(b)

FIG. 10. Color change on the chromaticity diagram at (a) 

section 1 and (b)  section 2, as shown in Fig. 8. 

Figures 9(a) and (b) show the change in intensity as a 

function of angle Y for sections 1 and 2 respectively. The 

P3 shield shows clearer change in intensity at the cutoff, 

compared to shields F3 and C3 at section 1. In the case of 

the intensity distribution at section 2, shields P3 and C3  

exhibit better cutoff characteristics than F3. Based on Eq. 

(1), the glare index for shields F3, P3, and C3 was 

calculated to be 0.45, 0.65, and 0.50 respectively. These 

results satisfy the minimum value for glare index prescribed 

in the ECE and SAE regulations. The present study shows 

only that the cutoff of P3 exhibits the largest gradient; it 

is not certain, however, what glare index is favorable for 

reducing the glare that human eyes perceive. The exact 

evaluation of the glare sensed by human eyes is beyond 

the scope of this study. 

Figures 10(a) and (b) show the change in the color 

coordinates (Cx, Cy) on the chromaticity diagram at sections 

1 and 2 respectively. The color coordinates of the light 

source located at the lower part of the cutoff line are Cx 

= 0.454 Cy = 0.470, and they gradually change with the 

shift toward the upper part of the cutoff line. One interesting 

result is that the final color coordinates at the ends of the 

two sections near the cutoff lines are very similar. However, 

the P3 shield shows a relatively shorter path, while the 

other two shields F3 and C3 exhibit longer paths on the 

chromaticity diagram. In particular, F3 and C3 display 

longer paths for the changes in color coordinates near the 

cutoff lines, which indicates that several colors can be 

perceived at the cutoff lines. On the other hand, the 

perception of the color separation near the cutoff line is 

expected to be small for the P3 shield, because of the 

shorter path for the change in the color coordinates. The 

color separation is more easily recognized in the dark 

region near the cutoff line, which indicates that a shorter 

path for the color change is more desirable in this region. 

V. CONCLUSIONS

A projection headlight consisting of a bowl reflector, a 

cutoff shield, and a convex aspheric lens was studied by 

optical simulation to optimize the shape of the cutoff shield. 

Four flat, four Petsval-surface-based, and four cylindrical 

shields were studied by ray tracing. We found that the 

shield based on a Petsval surface exhibited a clear intensity 

gradient and less color separation at the cutoff line. Relocation 

of the shield between the reflector and the lens further 

improved the cutoff characteristics. This study shows that 

color separation caused by the dispersion of the lens material 

and blurring at the offline may be removed by optimizing 

the shape and location of the cutoff shield in the headlight. 

REFERENCES

1. F. Luo and F. Hu, “A comprehensive survey of vision 

based vehicle intelligent front light system,” Int. J. on 

Smart Sensing and Intelligent Systems 7, 701-723 (2014). 

2. P. V. Adhav and S. A. Shaikh, “Adaptive front lighting 

system using CCD,” IOSR Journal of Electronics and 

Communication Engineering 9, 20-25 (2014). 

3. M. Sivak, M. J. Flannagan, B. Schoettle, and G. Adachi, 

“Chromatic aberrations near the cutoff of low-beam headlamps,” 

Report No. UMTRI-2004-6 (2004). 

4. ECE Regulation No. 112 Revision (2010). 

5. O. Dross, A. Cvetkovic, J. Chaves, P. Benitez, and J. C. 

Minano, “LED headlight architecture that creates a high 

quality beam pattern independent of LED shortcomings,” in 

Proc. SPIE (San Diego, USA, Jul. 2005), vol. 5942, p. 59420D. 

6. F. Chen, K. Wang, Z. Qin, D. Wu, X. Luo, and S. Liu, 

“Design method of high-efficient LED headlamp lens,” 

Opt. Express 18, 20926-20938 (2010). 

7. X. Zhu, J. Ni, and Q. Chen, “An optical design and 

simulation of LED low-beam headlamps,” Journal of Physics: 

Conference Series 276, 012201 (2011). 

8. Core Module User’s Guide (LightTools v8.2, Synopsys, 

2014).

9. User’s Guide (LucidShape v2.0, Synopsys, 2015). 



<<
  /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


