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This paper investigates the influences of phase shift on superresolution performances of annular filters. Firstly, it

investigates the influence of phase shift on axial superresolution. It proves theoretically that axial superresolution can

not be obtained by two-zone phase filter with phase shift 7w, and it gets the phase shift with which axial superresolution

can be brought by two-zone phase filter. Secondly, it studies the influence of phase shift on transverse superresolution.

It finds that the three-zone phase filter with arbitrary phase shift has an almost equal optimal transverse gain to

that of commonly used three-zone phase filter, but can produce a much higher axial superresolution gain. Thirdly,

it investigates the influence of phase shift on three-dimensional superresolution. Three-dimensional superresolution

capability and design margin of three-zone complex filter with arbitrary phase shift are obtained, which presents the

theoretical basis for three-dimensional superresolution design. Finally, it investigates the influence of phase shift on

focal shift. To obtain desired focal shifts, it designs a series of three-zone phase filters with different phase shifts. A

spatial light modulator (SLM) is used to implement the designed filters. By regulating the voltage imposed on the SLM,

an accurate focal shift control is obtained.
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1. Introduction

Airy spot is the diffraction-limited spot. Super-
resolution technique can make the diffraction spot
smaller than Airy spot. Superresolution technique
has been applied to many fields,!' ¢ such as opti-
cal data storage, lithography, confocal microscopy etc.
Since the first study of superresolution by Toraldo di
Francia at 1952, many kinds of superresolution fil-
ters have been proposed, and different superresolu-
tion performances have been investigated. Amplitude
filters were firstly investigated for their simplicity.!®!
Because phase-only filters yield better performance
than amplitude filters, attention has been centred on

g [9-11]

pure-phase filters in recent year Complex filters

have been investigated to achieve three-dimensional

[12]

superresolution.*“! Recently, in order to gain a higher

superresolution performance, continuous and discrete-

continuous phase filters have been studied.!*3:14]

Phase shift is an important parameter of pupil

filters.

filter’s superresolution performances will change cor-

If phase shift of a pupil filter changes, the
respondingly. Annular filters are the most useful
pupil filters for their simplicity and high superres-

olution performance.!!+2:5:6.9]

Axial, transverse and
three-dimensional superresolution performances of an-
nular filters with phase shift m have been widely

investigated.[10:12:15,16]

But when phase shift of an an-
nular filter is an arbitrary value in interval [0, 7], the
superresolution performances are rarely studied. So it
is meaningful to investigate influences of phase shift
on superresolution performances of annular filters. We
prove theoretically that axial superresolution can not
be obtained by two-zone phase filter with phase shift
7, and we get the phase shift with which axial super-
resolution can be brought by two-zone phase filter. We
find that three-zone phase filter with arbitrary phase
shift has an almost equal optimal transverse gain to
that of commonly used three-zone phase filter, but

it can produce a much higher axial superresolution
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gain. We get the three-dimensional superresolution
capability and design margin of three-zone complex
filter with arbitrary phase shift. At last, in order to
obtain desired focal shifts, we design a series of three-
zone phase filters with different phase shifts. By reg-
ulating the voltage imposed on a SLM which is used
to implement the designed filters, an accurate focal
shift control is obtained. We find that annular filters
with arbitrary phase shift have higher superresolution
capabilities, and our investigations present the the-
oretical basis for better superresolution performance

control and superresolution filter design.

2.Theory for superresolution and

filter design

According to scalar diffraction theory,!”) the nor-
malized field distribution U in the focal region is writ-
ten as

2

U =2 [ 1P<p>Jo<up>exp(—“‘T”) dp, (1)

where P(p) = T(p)explié(p)] is the pupil function,
T(p) is the transmittance function, ¢(p) is the phase
function, p is the normalized radial coordinate. The
variable v = krsina is the transverse coordinate,
k = 27/A, r is the radial distance and sin« is the
numerical aperture of the optical system, The vari-
able u = 4kz sin®(a/2) is the axial coordinate, z is the
axial distance. In the focal plane, the transverse field

distribution can be written as

1
U(,0) =2 [ P(e)olwp)pd. 2)
0

Along the axis, the axial field distribution can be ex-

pressed as

1 iup?
UOu)=2 [ Plp)exp( — —— Jpdp.  (3)
0

For superresolution, there are four figures of
merit: focal displacement Ugr, which is the displace-
ment of focus in axial direction; Strehl ratio S, which
is defined as the ratio of the intensity at the focal
point in superresolution pattern to that in Airy pat-
tern; transverse gain Gt and axial gain G, which
are defined as the ratio of the central spot radii in
superresolution pattern to that in Airy pattern along
transverse and axial directions respectively.

The nth moment of the pupil filter is defined as

1
I, = / 2P(p)p*"*'dp. (4)
0

Within the second-order approximation, the figures of

merit are written asl!3l

Im(I; 1)
Up = -2 )(k o1 2 (5)
Re(10]2) — |Il‘

S = |Io|> = UpIm(I} I}), (6)

G — ,Re(loI}) —SUFIm(IO 12)7 ™

Re(IpI3) — | ®
S b

where * denotes the complex conjugate.

Ga =12

In this paper, annular filters are designed accord-
ing to different superresolution performance require-
ment. We present a brief description to the filter
design method using by us. As shown in Egs.(4)-
(8), figures of merit are functions of filter parameters.
With these filter parameters, the concrete filter can
be gained. According to the requirement for figures of
merit, filter parameters can be obtained by an opti-
mizing procedure. For instance, when transverse gain
is required to be optimized and Strehl ratio is required
to be a constant ¢, three-zone phase filter can be de-

signed by the following optimizing procedure:

maxGr, S = c,01,605,03 € [0, 7],

p1 < p2 €1[0,1], (9)

where 0y, 05, 63 and py, ps are phases and radius of
the filter. The constrained nonlinear multivariable op-
timizing function named FMINCON is used in the pa-
per for its flexibility and high efficiency.

3. Influence of phase shift on axial

superresolution performance

Two-zone phase filter is the simplest phase filter.
Phase shift of commonly used two-zone phase filter is
m. According to Egs.(4), (5), (6) and (8), axial gain
G A of the filter can be expressed as

4(1 = 2p7)(1 = 2pf) — 3(1 — 2p7)?
(1-2p})? ’

Ga = (10)

where p; is radii of the first zone. Let a = 4(1 —
208)(1 —2p%) — 3(1 —2p%)? and b = (1 — 2p?)? respec-

tively, their difference a — b can be simplified to

a—b=4pi(pi — (py — pi +1). (11)



710 Liu Xi-Min et al

Vol. 15

Since (pf—1) < Oand pf—pi+1=(pf—1)?+p7 >0,
it can be verified that G, = % < 1. From the above
analysis, we can conclude that axial superresolution
can not be obtained by two-zone phase filter with
phase shift 7.

Axial superresolution performance of two-zone
phase filter with other phase shift has intrigued much
interest. When phase shift of the filter is 0.67, the ax-
ial superresolution performance has been investigated
recently.”)’. We investigate the axial superresolution
performance of two-zone phase filter with arbitrary
phase shift.
shift in interval [0, 7], we write the pupil function of
the filter as

Using ¢ to denote an arbitrary phase

1, 0<p<
P(p) = , pem (12)
exp(ig), p1<p<1.

From Eq.(4), Iy, I and I5 of the filter can be expressed

as

I =[p? + (1 = p}) cos ¢] + i[(1—p}) sing]

=ay + ibo, (13)
I :{p‘f +(1 —2p‘1*)cos ﬂ +i{(1—p‘%2) sincb}

—ay +iby, (14)
I — [p? +(1 —?)p?)cos ﬂ +i{(1—pi) sinﬂ

—ay + ibs. (15)

Substituting Eqs.(13)—(15) into Egs.(5)—(8), we get

—2(a0b1 — albo)

U =
F apag + b0b2 - a% - b%7

(16)

S = aj + by — Up(agby — ayby), (17)

Gr— 2(agay + boby —gF(aobz - azbo))’ (18)

12 boby — a2 — b2
(2002 + = ai —b%) (19)

Ga =

According to Eq.(19), we obtain the axial superreso-
lution region of two-zone phase filter with arbitrary
phase shift, which is shown in Fig.1. Figure 1 shows
that two-zone phase filter can produce axial super-
resolution when its phase shift is not 7, and it can
be seen that axial superresolution is only obtained in
the white region enclosed by phase shift ¢ and radii
p1. The above conclusions present theoretical basis for

two-zone phase filter’s axial superresolution design.

3.0

2.5

2.0

1.5

Phase shift

1.0

0.5

0.0
0.0 0.2 0.4 0.6 0.8 1.0

Radii of the first zone

Fig.1. Region (white area) enclosed by radii p; and
phase shift ¢ in which the axial superresolution can be

obtained for a two-zone phase filter.

shift on

transverse superresolution per-

4.Influence of phase

formance

Three-zone phase filter is the most useful phase
filter for its simplicity and high superresolution

(1.5,6,10,12,15]  Phase shift of commonly

performance.
used three-zone phase filter is 7, pupil function of the

filter is given by

_17 0< p < p1,
P(p) = 17 p1 < p < p2, (20)
_]-7 p2 <p< ]-7

where p; and py are radius of the first and the second
zone. By Eqs.(4)—(8) and Eq.(20), figures of merit of
the filter can be obtained.[*0]

Recently, three-zone phase filter’s optimal trans-
verse gain has been obtained in Ref.[10]. We obtain
the axial gain corresponding to the optimal transverse
gain, which is shown in Fig.2. From Fig.2 , we find
that the axial gain decreases dramatically with the
increase of the optimal transverse gain. For example,
the corresponding axial gain G, = 0.0919 when the
optimal transverse gain Gt = 1.3643. It can strongly
decrease axial resolution, and damage axial imaging
One can also find that the

axial gain corresponding to the optimal transverse

quality correspondingly.
gain even turns to be negative. For instance, axial
gain Gp = —1.0137 when the optimal transverse gain
Gt = 1.6592. Negative axial gain means that light
intensity distribution does not present a peak at the
focus position, it will present a well surrounded by an-
nular bright lobs instead, which will damage the axial

imaging quality strongly.
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S
Fig.2. Optimal transverse gain (curve a) and its

corresponding axial gain (curve b) of commonly used

three-zone phase filter, the optimal transverse gain

(solid line), the corresponding axial gain (dotted line)

and the phase shift (dashed line, in units of ) of three-

zone phase filter with arbitrary phase shift.

In the following, we study the optimal transverse
superresolution of three-zone phase filter with arbi-
trary phase shift, and we compare the superresolution
performance of the commonly used three-zone phase
filter with that of three-zone phase filter with arbitrary
phase shift. Using ¢ to denote an arbitrary phase shift
in interval [0, 7] , we can express Iy, I; and I of the
filter as

Iy =[pYcos ¢ + p5 — pi + (1 — p3) cos ¢]
+1i[p? sing + (1 — p%) sin¢] = ag +1ibg,  (21)
Iy =[(p{ cos ¢ + p3 = pi + (1 = p3) cos §) /2]
st £ (1 physind) 2] + b0 22)
I =[(p} cos ¢ + p3 — p§ + (1 — p3) cos ¢) /3]
il(p8sin g + (1 — p8) sin §)/3] = az +iby.(23)

Substituting Egs.(21)—(23) into Egs.(16)—(19), one
can obtain the filter’s figures of merit. We designate
the maximal focal displacement 1.5. Using the con-
strained nonlinear multivariable optimizing method,
we obtain the optimal transverse superresolution gain
and the corresponding axial gain of three-zone phase
filter with arbitrary phase shift, and they are shown
in Fig.2. From Fig.2, one can see that the optimal
transverse gain increases with the increase of the phase
shift, and the corresponding axial gain increases with
the increase of phase shift too. It can also be seen
that the corresponding axial gain increases with the
increase of the optimal transverse gain.

From Fig.2, we can draw the following conclu-
sions: for three-zone phase filter with arbitrary phase

shift, its optimal transverse gain is almost equal to

that of commonly used three-zone phase filter, but
its corresponding axial gain is much larger than that
of commonly used three-zone phase filter. Moreover,
the corresponding axial gains are mostly larger than
1. For example, when Strehl ratio is 0.3, the optimal
transverse gain of commonly used three-zone phase
filter is 1.6390, and the corresponding axial gain is
—0.9250. The optimal transverse gain of three-zone
phase filter with arbitrary phase shift is 1.4339, and
the corresponding axial gain is 1.1076, which is much
larger than —0.9250. The axial gain corresponding to
the optimal transverse gain of commonly used three-
zone phase filter is too small, and even turns to be
negative. Three-zone phase filter with arbitrary phase
shift has overcome the limitation.

In a word, three-zone phase filter with arbitrary
phase shift has an almost equal optimal transverse
superresolution to that of commonly used three-zone
phase filter, but it can produce a much higher axial

superresolution than that of the commonly used filter.

shift on

three-dimensional superresolu-

5.Influence of phase

tion performance

Recently, a very useful three-dimensional super-
resolution filter has been proposed in Ref.[12], and it
is a three-zone complex filter. The radius of the three
zones are pi, p2 and 1, where p? + p2 = 1. Transmit-
tances of the three zones are t, 1 and 1 respectively,
the corresponding phase shift is 0.67.

There are three degrees of freedom for three-zone
complex filter, i.e. radii, transmittance and phase

shift.
free, the phase shift is designated to 0.6m. We investi-

In Ref.[12], only radii and transmittance are

gate the filter’s three-dimensional superresolution per-
formance when the filter’s phase shift is an arbitrary
value. Using ¢ to denote an arbitrary phase shift in
interval [0, 7], we can express Iy, I; and Iy of the filter

as

Iy =[tp3 cos ¢ + p3 — p + (1 — p3) cos @]
+iftp} sing + (1 — p%) sing] = ag +1ibo,  (24)

I, =[(tp} cos  + p3 — pi + (1 — p3) cos ¢) /2]
Ciltntng (1 pt)sin)/2 = os i, 25
Iy =[(tpS cos ¢ + p§ — pS + (1 — pS) cos ¢) /3]
)

+il(tpS sin + (1 — pB) sin @)/3] = az + ibs. (26)

Substituting Eqs.(24)—(26) into Egs.(16)—(19), one

can obtain figures of merit of the filter.
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° the filter’s three-dimensional superresolution capabil-
ity increases with the increase of phase shift. So in
7 the filter’s three-dimensional superresolution design,

P a larger phase shift should be chosen.
(3 5 In three-zone complex filter’s three-dimensional
) superresolution design, not only the three-dimensional
superresolution capability but also the design mar-
3 gin should be considered. The filter’s design mar-
gin can be expressed by the area of the filter’s three-
1 : . ‘ dimensional superresolution region, which is enclosed

0.0 0.2 0.4 0.6 0.8 1.0

Phase shift/m

Fig.3. The optimal three-dimensional superresolution capa-

bility of three-zone complex filter varying with phase shift.

We study firstly the three-dimensional superreso-
lution capability of three-zone complex filter with ar-
bitrary phase shift. Three-dimensional superresolu-
tion capability can be expressed in terms of G * Gz
(Gt > 1 and Gp > 1). When the filter’s phase shift
is an arbitrary value in interval [0, 7], we obtain the
filter’s optimal three-dimensional superresolution ca-

pability, which is shown in Fig.3. We can see that

by radii @ and transmittance t. When the filter’s phase
shift is an arbitrary value in interval [0, 7], we obtain
the areas of the filter’s three-dimensional superresolu-
tion regions, which are shown in Table 1. It can be
seen that area of the filter’s three-dimensional super-
resolution region increases when phase shift increases
from 0 to 0.857, but decreases when phase shift in-
creases in interval from 0.857 to m. A larger three-
dimensional superresolution region means a larger de-
sign margin, so we conclude that three-zone complex
filter’s design margin is maximal when its phase shift
is about 0.857.

Table 1. Area of three-zone complex filter’s three-dimensional superresolution region and

the phase shifts.

Phase shift/m | 0.1 0.2 0.3 0.4 0.5
Area 74 235 413 582 718

0.6 0.7 0.75 0.8 0.85 0.9 1.0
835 912 930 946 974 889 834

In a word, we obtain the relationship between
three-zone complex filter’s three-dimensional super-
resolution capability and its phase shift, and the re-
lationship between the filter’s design margin and its
phase shift. The two relationships present theoretical
basis for three-zone complex filter’s three-dimensional

superresolution design.
6. Influence of phase shift on focal
shift of optical systems

Focal shift can be used to extend depth of focus of
optical systems,!®] and focal shift is meaningful in dy-
namic focusing system. In this section, we investigate
the influence of phase shift on optical systems’ focal
shift. The purpose of our study is to gain an accurate
focal shift control by means of three-zone phase filters
with different phase shifts.

We design a series of three-zone phase filters with
different phase shifts, which can produce focal shift
from 0 to 1.5 and guarantee transverse gains and ax-

ial gains invariable. The designed filters are shown in

Table 2, where ¢; and ¢o are phase shifts and Uy is
the focal shift which the designed filter can produce.
Axial intensity distributions of the designed filters are
shown in Fig.4. It can be seen that the designed filters
can produce desired focal shifts in interval [0, 1.5].
And the axial gains corresponding to different focal
shifts are almost invariable. Transverse intensity dis-
tributions of the designed filters are shown in Fig.5,
and transverse intensity distribution with no filter is
also depicted for comparison. It can be seen that the
transverse gains corresponding to different focal shifts
are almost invariable too.

Table 2.
phase shifts which produce defocusing amount from 0 to 1.5

Designed three-zone phase filters with different

and guarantee invariable transverse gains and axial gains.

P1 P2 1 P2 Ur
0.3300 0.9730 0.3338 0.2460 0.25
0.7586 0.8995 0.3794 0.3313 0.5
0.5819 0.8816 0.7745 0.6523 0.75
0.5457 0.8678 1.4914 1.2642 1
0.5678 0.8684 1.5403 1.3093 1.25
0.6110 0.8850 1.4666 1.3750 1.5
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By regulating the voltage imposed on a phase
SLM, phase modulation degree of the SLM can be
controlled. So we implement the designed filters with
different phase shifts by a phase SLM.*9~21] That is to
say, by regulating the voltage, three-zone phase filters
with different phase shifts can be implemented, and
different focal shifts can be obtained correspondingly.
By this method, the accurate focal shift control can
be obtained only by regulating the voltage imposed
on a SLM. It is a focal shift control method without
physical translation of optical systems’ elements, so it
can improve the accuracy of focal shift control greatly

and can be implemented easily.

1.000 |

0.995

0.990

0.985

Normalized intensity

0.980

Axial optical coordinate: u

Fig.4. Axial intensity distributions of the designed

three-zone phase filters that can produce focal shifts

from 0 to 1.5.
1.0
005k}
0.04 [§3
» 0.8 s
g 0.03
Q
s 06 0.02
B 0.01
5
El 0.4 0.00
g
=
[=]
-4
0.2
0.0 —l -
0 2 4 6 8 10

Transverse optical coordinate: v

Fig.5. Transverse intensity distributions of the de-
signed three-zone phase filters that produce focal shift
0.75 (solid line), 1 (dashed line), 1.25 (dotted line),
and 1.5 (dash-dot line) respectively. Transverse inten-
sity distribution with no filter is also shown by curve

a for comparison.

In a word, in order to obtain different focal shifts
with invariable transverse and axial gains, we design
a series of three-zone phase filters with different phase
shifts, and we use a phase SLM to implement the de-
signed filters. By regulating the voltage imposed on

the SLM, accurate focal shift control can be obtained.
7. Conclusion

In conclusion, phase shift is an important pa-
rameter of pupil filters, and annular filters are the
most useful pupil filters. When annular filters’ phase
shift is an arbitrary value, their superresolution per-
formances are rarely studied. So we investigate influ-
ences of phase shift on superresolution performances
of some typical annular filters. Firstly, we investi-
gate the influence of phase shift on axial superres-
olution performance of two-zone phase filter. We
prove that the axial superresolution can not be ob-
tained by two-zone phase filter with phase shift .
We get the phase shift with which axial superreso-
lution can be brought by two-zone phase filter. Sec-
ondly, influence of phase shift on transverse superres-
olution performance of three-zone phase filter is in-
vestigated. We find that the three-zone phase filter
with arbitrary phase shift has an almost equal op-
timal transverse superresolution capability to that of
commonly used three-zone phase filter, however it can
produce a much higher axial superresolution capabil-
ity. Thirdly, we study the influence of phase shift
on three-dimensional superresolution performance of
three-zone complex filter. We obtain the relationship
between the filter’s three-dimensional superresolution
capability and its phase shift, and we find the relation-
ship between the filter’s design margin and its phase
shift. The two relationships present theoretical basis
for three-dimensional superresolution design. At last,
influence of phase shift on focal shift of optical systems
is investigated. In order to obtain different focal shifts
with invariable transverse and axial gains, we design
a series of three-zone phase filters with different phase
shifts. By regulating the voltage imposed on the SLM
which is used to implement the designed filters, an ac-
curate focal shift control is obtained. Our investiga-
tion finds that the annular filters with arbitrary phase
shift have higher superresolution capabilities, and our
investigation presents the theoretical basis for better
superresolution performance control and superresolu-

tion filter design.



714 Liu Xi-Min et al Vol. 15
References [12] Yun M J, Liu L R, Sun J F and Liu D A 2005 J. Opt.
Soc. Am. A 22 272
(1] Wang H F and Gan F X 2001 Appl. Opt. 40 5658 [13] de Juana D M, Oti J E, Canales V F and Cagigal M P
[2] i};;;)pard C J R and Choudhury A 2004 Appl. Opt. 43 2003 Opt. Lett. 28 607
3] Neil M A A, Juskaitis R, Wilson T and Laczik z J 2000  114] Zhou S M and Zhou C H 2004 Opt. Lett. 29 2746
Opt. Lett. 25 245 [15] Liu L, Deng X Q, Wang G Y and Xu Z Z 2001 Acta Phys.
[4] Canales V F, de Juana D M and Cagigal M P 2004 Opt. Sin. 50 48 (in Chinese)
Lett. 29 935 [16] Xiao F R, Yuan J H, Wang G Y and Xu Z Z 2004 Acta
[5] Jia J, Zhou C H, Sun X H and Liu L R 2004 Appl. Opt. Phys. Sin. 53 1731 (in Chinese)
43 2112 [17] Sales T R M and Morris G M 1997 J. Opt. Soc. Am. A
[6] Jia J, Zhou C H and Liu L R 2003 Opt. Comm. 228 271 14 1637
[7] di Francia G T 1952 Nuovo Cimento Suppl. 9 426
[8] Sheppard C J R and Hegedus Z S 1988 J. Opt. Soc. Am. [18] Chowdhury D R, Bhattacharya K, Chakroborty A K and
A 5 643 Ghosh R 2003 Appl. Opt. 42 3819
[9] Cagigal M P, Oti J E, Canales V F and Valle P J 2004 [19] Zhao X F, Li C F and Ruan H 2004 Chin. Phys. Lett. 21
Opt. Comm. 241 249 1515
[10] Canales V F, Oti J E and Cagigal M P 2005 Opt. Comm. [20] Gundu P N and Hack E 2005 Opt. Ezp. 13 2835
247 11
[11] Liang W X, Zhang J J, Lit J F and Liao R 2001 Chin. [21] Davis J A, Escalera J C, Campos J, Marquez A, Yzuel M

Phys. 10 1129

J and Iemmi C 1999 Opt. Lett. 24 628




<<
  /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


