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Study on the Influence of Random Phase Interference
on the Positioning Performance of a

Four-Quadrant Detector
Xiaoyun Wu , Xin Zhao , Tong Wang , Xiaoying Ding, Shu Chen, and Dewang Liu

Abstract—Random phase interference is the main factor leading
to uneven optical power distribution, which will affect the position-
ing accuracy of the four-quadrant detector. This paper uses the
power spectrum inversion method to simulate the light spot power
distribution affected by random phase interference, and studies the
subdivision capability characteristics of the four-quadrant detector
under different random phase interference. The simulation exper-
iment results show that when the radius of the light spot received
by the detector is 1/2 the radius of the detector, both detection
range and positioning accuracy can be taken into account. When
the random phase interference is enhanced, the detector’s subdivi-
sion capability decreases. When the random phase interference is
small, the detector can achieve more than 100 subdivisions. When
the random phase interference is large, the light spot can only
achieve 3 subdivision at the edge of the detector target surface.
An experimental system was built to test the subdivision capability
of the four-quadrant detector, the experimental test results were
basically consistent with the simulation results. The research results
provide a technical reference for the application of four-quadrant
detector. in free space environments.

Index Terms—Four-quadrant detector, random phase
interference, power spectrum inversion method, subdivision
capability.

I. INTRODUCTION

A S A position sensitive device, the four-quadrant detector
(4-QD) has many advantages, such as high sensitivity,

wide dynamic range and fast response speed [1], [2]. It has been
widely used in laser communication [3], laser guidance [4], and
laser navigation. There are many factors that affect the position-
ing performance of 4-QD. Reference [5] analyzes different light
spot position detection algorithms and considers the impact of
the gap size of the 4-QD in the model on positioning accuracy.
Reference [6] in an angle measurement system based on a 4-QD,
phase error caused by lens distortion affects the 4-QD position-
ing performance. Reference [7] studied the effects of inherent
errors and random errors on 4-QD performance, reduces the im-
pact of random errors such as background photocurrent and dark
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current on spot positioning accuracy. Reference [8] establishes
the mathematical model of azimuth standard deviation based
on Gaussian light spot, and studied the influence of light spot
position,the light spot radius, and signal-to-noise ratio on 4-QD
positioning accuracy. Reference [9] investigating the difference
in localization effects on 4-QD between Gaussian-distributed
spot energies and ideally uniformly distributed spot energies.
The current research status indicates that the spot size, spot
shape, and signal-to-noise ratio received by the detector all have
an impact on the performance of the 4-QD device. When laser
light is transmitted in free space, its phase will change randomly
due to the influence of the external environment, For example,
platform vibration, changes in atmospheric characteristics [10],
this random change in phase will also affect the positioning
performance of the detector.

In order to meet the application requirements of 4-QD in free
space positioning and automatic tracking, this paper conducts
a study on the impact of random phase interference on the
positioning performance of 4-QD. Taking the random phase
changes of light caused by turbulent channels as the research
background, simulating spot power distributions subject to ran-
dom phase interference using the power spectrum inversion
method, study the working performance of 4-QD under different
random phase interference intensities, establish the correspond-
ing simulation model and test system, and complete simulation
and experimental tests, and useful conclusions are obtained to
provide reference and basis for its application in the field of spot
detection, localization and tracking.

II. WORKING PRINCIPLE OF FOUR-QUADRANT DETECTOR

A. Four-Quadrant Detector Positioning Principle

When 4-QD detects the light spot position, it relies on the
phase or power of the optical signal received in its four quad-
rants. When position detection is performed based on the phase
difference of the received light signal in the four quadrants, using
the principle of interference between the he local oscillator light
and the incident light., the phase difference between the two
is detected to realize the position detection and localization.
Due to the use of coherent detection principle, so that the 4-QD
device detector sensitivity has been significantly improved, this
method is mostly used in the field of technology with less
external interference and higher requirements for localization
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Fig. 1. Principle of the four-quadrant detector spot positioning.

segmentation capability, such as the field of gravitational wave
detector technology [11].

The light spot detection based on optical power difference has
lower detection accuracy than phase detection, but its application
field is wider. The basic positioning principle is shown in Fig. 1.

When light shines on the 4-QD surface, each quadrant gen-
erates a corresponding photocurrent whose magnitude corre-
sponds to the optical power incident on each quadrant. The
optical power of the light spot in each quadrant produces
corresponding photocurrents IA, IB, IC, and ID. According
to the photocurrent generated in each quadrant, the position
coordinates of the light spot on the 4-QD surface can be
calculated [12].

σx =
(IA + ID)− (IB + IC)

IA + ID + IB + IC
(1)

σy =
(IA + ID)− (IB + IC)

IA + ID + IB + IC
(2)

In the formula, σx, σy is the coordinate of the centroid of
the light spot in the x-direction and y-direction. When the size
of the incident light spot is known, taking the x-direction as an
example, its position coordinates can be expressed as:

σx =
2

πω

[
x

√
1−

(x

ω

)2

+ w arcsin
(x

ω

)]
(3)

where ω represents the size of the light spot. The light spot
location x are far less than the radius of the spot. In the above
formulas, respectively, apply an approximation, (3) can be ap-
proximated as:

σx ≈ 2x

πω
(4)

From this, the relationship between the light spot coordinates
and the measured values can be obtained:

x =
πωσx

2
(5)

Let Δ be the minimum variation and Δx be the spatial
resolution in the x-direction, which can be expressed by the
following equation:

Δx =
πωΔσx

2
(6)

The above positioning analysis is based on the fact that the
optical power distribution form on the 4-QD surface is uniform
or Gaussian, and its spot position detection characteristics are

Fig. 2. Schematic diagram of the minimum distance that the spot moves on
the 4-QD target surface. (a) Schematic of spot movement. (b) The detector
recognizes the minimum spacing. (c) Corresponds to subdivision capability.

related to factors such as incident spot size, signal-to-noise
ratio, spot shape, spot position, etc. When the optical power
distribution on the 4-QD surface is random, the spot position
detection characteristics will be closely related to the random
phase changes of the optical power.

B. Four-Quadrant Detector Subdivision Capability

When 4-QD device are used in the field of precision tracking
technology, not only the light spot detection accuracy must be
studied, but its subdivision characteristics must also be studied.
The subdivision characteristics are related to the detection min-
imum resolution distance. The so-called minimum resolution
distance refers to the minimum distance that the detector can
identify when the light spot moves on the detector target sur-
face. Assuming that the instantaneously received optical power
distribution on the 4-QD surface is Gaussian,

f (x) =
1

σ
√
2π

e
(x−μ)2

2σ2 (7)

In the formula, x is the spot center position, σ is the optical
power variance, and μ is the optical power average value. The
minimum distance for this light spot to move on the 4-QD surface
is shown in Fig. 2 below.

Assume that when the light spot moves from position 1 (O1) to
position 2 (O2) on the detector target surface (shown in Fig. 2(a)),
its power distribution form remains unchanged. To ensure that
changes in position are reliably recognized, the distance between
position 1 and position 2 is required to be at least 6σ, which is
the minimum distance that the detector can identify (shown in
Fig. 2(b)). When the detector target surface is normalized, the
entire radius of the target surface is normalized to a distance of
1, and the subdivision capability of the 4-QD detector is defined
as 1/3σ (shown in Fig. 2(c)). This parameter can be used as an
important parameter to evaluate the performance of the 4-QD
detector.

The above analysis is obtained when the light spot moves
on the 4-QD surface and the optical power distribution remains
unchanged. In actual situations, due to the influence of random
phase changes, when the light spot moves on the 4-QD surface,
its optical power changes randomly. It is more reasonable to
use subdivision characteristic parameters to evaluate the random
phase variations on 4-QD performance.
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Fig. 3. Simulation of light intensity of the spot received by the detector at
different random interference intensities. (a) C2

n = 1× 10−13, (b) C2
n = 1×

10−15, (c) C2
n = 1× 10−17.

III. SIMULATION ANALYSIS OF THE EFFECT OF RANDOM

PHASE INTERFERENCE ON THE PERFORMANCE OF

FOUR-QUADRANT DETECTOR

A. Random Phase Interference Simulation

When 4-QD is applied in free space localization and automatic
tracking, random phase interference mainly comes from the
random undulation of the link channel on the beam, and the
study takes the turbulent channel as the application background,
The power spectrum inversion method is used to simulate the
random phase changes of turbulence of different intensities, and
random phase screens of different intensities are introduced in
the path of laser transmission, respectively. The laser wavelength
is 1064 nm, and the initial waist radius is ω = 0.5 mm. Strong
turbulence is taken as C2

n = 1× 10−13, medium turbulence is
taken as C2

n = 1× 10−15, and weak turbulence is taken as
C2

n = 1× 10−17. The intensity distribution characteristics of the
received light spot through simulation are shown in Fig. 3.

The figure consists of a three-dimensional view of a Gaussian
spot with different random interference intensities and the corre-
sponding top view. The z-axis in the figure is the light intensity.
It can be seen that the random interference in the transmission
path causes the detector to receive a change in the optical power
distribution, and the degree of phase distortion increases with the
strengthening of the turbulence intensity. When the turbulence

Fig. 4. Simulation of the four-quadrant detector positioning under different
intensity phase interference.

intensity reaches a certain level, even phenomena such as spot
splitting will occur, resulting in an imbalance of the received
optical power in each quadrant, which will have an important
impact on the operating performance of the 4-QD device and
reduce its spot detection accuracy and subdivision capability.

B. Positioning Accuracy of the Four-Quadrant Detector
Under Random Interference

The simulation results of Fig. 3 are applied to 4-QD for center
coordinate solving to analyze the influence of phase interference
of different intensities on the positioning performance of 4-QD.
Make the light spot of each group move along the horizontal
direction (x-axis) of the detector, and the positioning calculation
(σx) is completed every 0.05 mm, and the simulation results of
4-QD positioning of phase interference of different intensities
are shown in Fig. 4.

The x-axis of the graph indicates the distance of the spot from
the center of the detector, and the y-axis is the positioning result
(σx) calculated by (1) and (2). Fig. 4 shows the trend of 4-QD
performance with atmospheric turbulence intensity, when the
atmospheric turbulence is weak, the position and shape of the
light spot is relatively stable, and the positioning accuracy near
the center of the 4-QD is higher, and when the light spot is far
away from the center of the detector, the detection accuracy of
the device decreases. Under the same conditions, the increase in
turbulence leads to a decrease in the accuracy of 4-QD detection.

C. Optimal Light Spot Size Under Random Interference

Different light spot sizes affect the detection accuracy and
detection range. Let the radius of the light spot received by
the detector be ω and the radius of the detector target surface
R = 1 mm. Under C2

n = 1× 10−17 weak turbulence conditions,
the light spot moves along the x-axis positive direction on the
detector. When the light spot radius is selected ω < R/2 (ω =
2/10R, ω = 3/10R, ω = 4/10R), ω = R/2(ω = 5/10R), ω >
R/2(ω = 6/10R, ω = 7/10R, ω = 8/10R, ω = 9/10R, ω = R),
respectively, the output simulation results of the 4-QD device
are shown in Fig. 5.



6802506 IEEE PHOTONICS JOURNAL, VOL. 16, NO. 4, AUGUST 2024

Fig. 5. Calculation results of different light spot radius positioning.

The x-axis of the graph indicates the the distance of the spot
from the center of the detector, and the y-axis is the positioning
result (σx). As can be seen from Fig. 5, when the spot radius
(ω) is small, the corresponding detection accuracy is high, but
the detection range is small. On the contrary, when the radius of
the light spot is larger, it has a large range of movement in the
x-axis direction, the detection range is large, but its detection ac-
curacy is relatively low. Therefore, to synthesize the constraints
between the detection accuracy and the detection range, the light
spot radius can be set to 1/2 of the radius of the target surface.

D. Impact of Random Phase Interference on Subdivision
Capability

The above analysis assumes that the light spot phase interfer-
ence is a specific value, and the corresponding input and output
are smooth curves. When the phase interference is randomly
varying, the turbulence intensity is randomly varying, the 4-QD
output exhibits the characteristic of subdivision capability. When
the light spot is at the center of the detector coordinates,the weak
turbulence varies randomly from C2

n = 1× 10−16 to C2
n =

1× 10−17 (Fig. 6(a)), the medium turbulence varies randomly
from C2

n = 1× 10−15 to C2
n = 1× 10−16 (Fig. 6(b)), and the

strong turbulence varies randomly from C2
n = 1× 10−13 to

C2
n = 1× 10−14 (Fig. 6(c)). Simulations are performed for each

of these three cases and the simulation results are shown in Fig. 6.
The x-axis of the graph is the range of variation of C2

n, and
the y-axis is the positioning result (σx). It can be seen that
random phase interference has a great impact on the performance
of 4-QD detection. The variance of the data in Fig. 6(a) is
calculated to be 0.0161 (1σ), In order to be able to distinguish
the position between the two spots, a minimum distance of 6σ
between the two spots is required, the subdivision capability
1/3σ ≈ 20, When turbulence intensity is weak C2

n = 10−17,
4-QD can achieve more than 100 subdivision capability. In the
same way that the subdivision capability of Fig. 6(b) is 7, and
the subdivision capability of Fig. 6(c) is 6. The results indicate
that as the intensity of the random phase interference increases,
the minimum resolution of 4-QD device detection decreases.

When the light spot moves along the positive direction of
x-axis at 0.1 intervals on the detector coordinate axis, the phase

Fig. 6. Simulation of 4-QD output results under random changes in phase
interference. (a) Weak turbulence varies randomly from C2

n = 1× 10−16 to
C2

n = 1× 10−17. (b) Medium turbulence varies randomly from C2
n = 1×

10−15 to C2
n = 1× 10−16. (c) Strong turbulence varies randomly from C2

n =
1× 10−13 to C2

n = 1× 10−14.

random interference is taken as C2
n = 1× 10−15 to C2

n = 1×
10−17 variation (Fig. 7(a)) andC2

n = 1× 10−13 to C2
n = 1×

10−15 variation (Fig. 7(b)), respectively, and the output results
of the corresponding 4-QD devices are simulated as shown in
Fig. 7.

The x-axis of the graph indicates the distance of the spot from
the center of the detector, and the y-axis is the positioning result
(σx). It can be seen that the subdivision capability is higher
when the light spot is located in the center of the detector,
and the subdivision capability decreases when the light spot is
away from the center of the detector. Fig. 7(a) the subdivision
capability decreases from 12 at the center to 4 at the edge;
Fig. 7(b) the subdivision capability decreases from 6 at the
center to 3 at the edge, and the detection accuracy decreases
significantly. Therefore, when the 4-QD device is used in a
random phase interference environment, the detection light spot
should be kept at its center position as much as possible.

IV. EXPERIMENTAL TESTING OF THE IMPACT OF RANDOM

PHASE INTERFERENCE ON THE PERFORMANCE OF THE

FOUR-QUADRANT DETECTOR

An experimental system was built to complete the 4-QD per-
formance test in the atmospheric channel, and the experimental
principle is shown in Fig. 8 below, providing a practical basis
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Fig. 7. Simulation of 4-QD output during forward movement of light spot
in x-axis with random phase interference variation. (a) Random phase interfer-
ence changes from C2

n = 1× 10−15 to C2
n = 1× 10−17. (b) Random phase

interference changes from C2
n = 1× 10−13 to C2

n = 1× 10−15.

Fig. 8. Schematic diagram of 4-QD performance testing experiment.

Fig. 9. Transmission and reception experimental terminal.

for spot detection, localization, and tracking. Transmission and
reception experimental terminal in Fig. 9.

The experimental system consists of two parts, the launch and
reception. Due to the long distance of the experiment, rough
alignment was first achieved at the launching end by viewing
the target mirror, design of the same optical axis for 4-QD and
CCD cameras at the receiving end, the incident light spot will
be adjusted to the center of the CCD to ensure that the light
spot at the same time incident experiments to the center of
the 4-QD. A high-frame-frequency CCD camera was also used
to statistically process the optical power and obtain the light
intensity scintillation variance:

σ2
I =

< I2 > − < I>2

< I>2
(8)

Fig. 10. Experimental results.

Where I is the intensity of the CCD received light spot,
< · > represents the averaging operation. Combined with C2

n =
σ2
I

1.23K7/6L11/6 , the C2
n value is calculated in real time. where

K = 2π/λ is the wave vector and L is the link distance.
The output of the experiment, which measured the range of

C2
n variation in 0.6× 10−15 ∼ 1.2× 10−17 variation when the

incident light spot was located near the center of 4-QD, its output
is shown in Fig. 10 below.

The x-axis of the graph is the number of samples sampled,
and the y-axis is the positioning result (σx). As a result, the ex-
perimentally measured subdivision capability varies between 10
and 6, and the experimental test results are basically consistent
with the simulation results.

V. CONCLUSION

In this paper, for the impact of random phase interference
on 4-QD performance, the power spectrum inversion method is
used to simulate the spot power distribution subject to random
phase interference, and the 4-QD positioning and subdivision
characteristics are studied.The simulation results show that the
random phase interference has a large impact on the 4-QD
performance, and the detector can balance the detection range
and localization accuracy when the spot radius received by the
detector is 1/2 of the detector radius. When the random phase
interference is small, the detector can realize more than 100
subdivision, and the subdivision capability decreases with the in-
crease of phase interference intensity, and only 3 subdivision can
be realized at the edge of the target surface at the minimum.The
experimental system is built to complete the 4-QD subdivision
capability test in an outdoor environment, and the phase ran-
dom undulation intensity is measured at the same time during
the experiment as the basis for the evaluation of subdivision
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capability, and the experimental results are basically consistent
with the simulation results when the random phase interference
intensity is medium.The research results provide a reference
for 4-QD devices in free space localization and auto-tracking
applications, especially in technical fields involving the light
spot detection, localization, and tracking.

REFERENCES

[1] J. Zhang, W. X. Qian, and G. H. Guo, “Quadrant response model and
error analysis of four-quadrant detectors related to the non-uniform
spot and blind area,” Appl. Opt., vol. 57, no. 24, pp. 6898–6905, 2018,
doi: 10.1364/AO.57.006898.

[2] Z. B. Qiu et al., “Neural-network-based method for improving measure-
ment accuracy of four-quadrant detectors,” Appl. Opt., vol. 61, no. 9,
pp. FF9–F14, 2022, doi: 10.1364/AO.444731.

[3] Q. Li, S. X. Xu, and J. W. Yu, “An improved method for the position
detection of a quadrant detector for free space optical communication,”
Sensors, vol. 19, no. 1, 2019, Art. no. 175, doi: 10.3390/s19010175.

[4] S. Y. Wang, L. J. Li, and W. Chen, “Improving seeking preci-
sion by utilizing ghost imaging in a semi-active quadrant detec-
tion seeker,” Chin. J. Aeronaut., vol. 34, no. 12, pp. 171–176, 2021,
doi: 10.1016/J.CJA.2020.11.020.

[5] X. Wang, X. Q. Su, G. Z. Liu, J. Han, and R. Wang, “Investigation of
high-precision algorithm for the spot position detection for four-quadrant
detector,” Optik: Int. J. Light Electron Opt., vol. 203, 2020, Art. no. 163941,
doi: 10.1016/j.ijleo.2019.163941.

[6] J. Zhang et al., “The effect of lens distortion in angle measurement
based on four-quadrant detector,” Infrared Phys. Technol., vol. 104, 2020,
Art. no. 103060, doi: 10.1016/j.infrared.2019.103060.

[7] M. F. Xiao et al., “High-precision spot positioning algorithm based on four-
quadrant detector,” J. Phys.: Conf. Ser., vol. 1633, 2020, Art. no. 012122,
doi: 10.1088/1742-6596/1633/1/012122.

[8] D. K. Li and Y. M. Zhang, “Research on factors influencing the positioning
accuracy of four-quadrant detector,” J. Phys.: Conf. Ser., vol. 1983, 2021,
Art. no. 012087, doi: 10.1088/1742-6596/1983/1/012087.

[9] X. Guo et al., “Study of laser location based on four-quadrant detector
APD,” Proc. SPIE, vol. 10153, pp. 153–162, 2016, doi: 10.1117/12.
2246317.

[10] M. N. Alavinejad et al., “The influence of phase aperture on Beam
propagation factor of partially coherent flat-topped beams in a tur-
bulent atmosphere,” Opt. Commun., vol. 311, pp. 275–281, 2013,
doi: 10.1016/j.optcom.2013.08.043.

[11] R. H. Gao, Y. K. Wang, and Z. Cui, “Zero-offset analysis on dif-
ferential wavefront sensing technique in gravitational wave detec-
tion missions,” Microgr. Sci. Technol., vol. 35, no. 1, p. 6, 2023,
doi: 10.1007/S12217-023-10036-1.

[12] Z. B. Qiu et al., “An active method to improve the measurement accuracy of
four-quadrant detector,” Opt. Lasers Eng., vol. 146, 2021, Art. no. 106718,
doi: 10.1016/j.optlaseng.2021.106718.

https://dx.doi.org/10.1364/AO.57.006898
https://dx.doi.org/10.1364/AO.444731
https://dx.doi.org/10.3390/s19010175
https://dx.doi.org/10.1016/J.CJA.2020.11.020
https://dx.doi.org/10.1016/j.ijleo.2019.163941
https://dx.doi.org/10.1016/j.infrared.2019.103060
https://dx.doi.org/10.1088/1742-6596/1633/1/012122
https://dx.doi.org/10.1088/1742-6596/1983/1/012087
https://dx.doi.org/10.1117/12.2246317
https://dx.doi.org/10.1117/12.2246317
https://dx.doi.org/10.1016/j.optcom.2013.08.043
https://dx.doi.org/10.1007/S12217-023-10036-1
https://dx.doi.org/10.1016/j.optlaseng.2021.106718


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 900
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00111
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00083
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00063
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Suggested"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


