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A novel antenna with ellipsoid-paraboloid surfaces configuration is designed for matching the incident 
radial radiation fiber laser distribution for maximum transmission efficiency. The on-axial and off-axial 
defocus effects on the optical antenna system, resulting in energy loss, are analyzed in detail. Knowledge 
of the effects of those defocuses on beam divergence, aberration and antenna transmission efficiency is 
of great importance to the long range communication systems.
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I. INTRODUCTION

Laser communications and radar systems employ conventional 
telescopes as optical antennas. These telescopes, such as 
Cassegrain telescopes, are always illuminated by an on-axial 
emission semiconductor laser and frequently have reflection 
caused by the secondary mirror center is shown in Fig. 
1(a). Intensity patterns of an input Gaussian laser beam 
and truncated Gaussian beam emitted from the antenna are 
given in Fig. 1(b) and (c), respectively. Because of the 
on-axial transmission, energy loss caused by the secondary 
mirror center reflection will greatly depress the emission 
efficiency in the optical communication system [1-3].

In recent years, fiber lasers attract very much attention 
[4, 5]. They are capable of producing stable,high power, 
allow design freedom, and produce good coherence radiation. 
They may prove to be an important new light source for 
applications in medical imaging, sensing, bio-sensing and 
optical communication systems[6, 7]. In April 2012, an 
important development in this area: a radial radiation laser 
using a hollow-core Bragg fiber in combination with 
organic dye-doped water plugs placed inside the fiber core, 
was reported in Nature Photonics[8]. This kind of fiber 

laser is on-axial pumped, resulting in a unique radiating 
field pattern characterized by cylindrical symmetry and a 
fixed polarization pointed in the azimuthal direction[9]. 
This new capability may prove to be an important new 
light source for applications in space optical communication 
systems.

In this paper, a novel optical antenna with ellipsoid-paraboloid 
mirror surfaces is constructed, which is assumed to be 
illuminated by a radial radiation fiber laser (as shown in 
Fig. 2(a)), producing stable, on-axially symmetric ring-like 
radiation (as shown in Fig. 2(b)).

By geometrical optical theory, the design details are proposed 
and the resultant curves that display the energy loss of the 
communication system due to defocus between primary 
and secondary mirrors of emitting antenna are presented. 
This new type of antenna illuminated by a radial radiation 
fiber laser, which produces a hollow beam of high precision 
collimation, may effectively avoid the energy loss caused 
by the secondary mirror central reflection in the traditional 
on-axial propagation optical antenna. The investigation results 
will offer fundamental research for the collimation accuracy 
and propagation efficiency enhancement of the free space 
optical communication.
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(a) (b) (c)

FIG. 1. Model of  Cassegrain antenna and energy distributions. (a) The schematic illustration of central reflection caused by the 
secondary mirror, (b) energy distribution of the input Gaussian beam, (c) energy distribution of the truncated Gaussian beam emits from 
antenna.

(a)

(b)

FIG. 2. Schematic illustration of novel optical emitting 
antenna illuminated by a radial radiation fiber laser. (a) 
Configuration of emitting antenna with ellipsoid-paraboloid 
mirror surfaces and (b) the cross section of the emitting laser 
beam.

FIG. 3. Two-dimensional structure of the ellipsoid mirror.

II. DESIGN OF THE ELLIPSOID-PARABOLOID 
SURFACES ANTENNA

Figure 3 shows the two-dimensional structure model of 
the ellipsoid mirror surface in the xy plane, which performs 
as a secondary mirror, and is illuminated by a radial radiation 
fiber laser. The center of the ellipse is at origin point 
O(0,0). The transmission axis of the pump light, which is 

along the fiber core, points in the x-axis direction. The 
radial radiation that surrounds the fiber on-axially symmetric 
leads to an azimuthally divergent angle labeled θ in the xy 
plane. By using the geometrical optical theory, here we 
directly image the laser light at the xy plane. 

The radial emitting region of the fiber laser, which can 
be regarded as a point course, is located at the right side 
focus of the ellipse, its coordinate is A(x0, y0), where x0=c, 
y0=0,   , a and b represent the lengths of long 
half-axis and short half-axis of the ellipse, respectively. 
The equations of emitting light   and the ellipse 
reflector as shown below
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  is the slope of the emitting 

light  .
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FIG. 4. Two-dimensional structure of the ellipsoid-paraboloid 
mirrors.

Two sets of solutions   
, derived by solving Eq. (1), 

represent two intersections of emitting light   and the 
ellipsoid mirror surface.

By deriving the ellipse equation the slope of the tangent 

at point
 

B(x1, y1) can be obtained as tan 
 B(x1,y1)=




 .

The slope angle of reflecting light   at point
 
B(x1, y1) 

can be written as    
 .

The two-dimensional structure of the ellipsoid-paraboloid 
mirror surfaces is shown in Fig. 4. The equations of 
reflecting light 

 
and the paraboloid mirror, which 

performs as a primary mirror of the emitting antenna, is 
shown below
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where k''|B(x1,y1) ″  tanis the slope of the reflecting 
light  , point p(xp,yp) is the apex of the parabola. 
Solution D(x3, y3) derived by solving the Eq. (2) represents 
the intersection coordinate of reflected light   and the 
paraboloid mirror. By deriving the parabola equation the 
slope of the tangent at point D(x3,y3) can be obtained as

3 3( , ) 3 5
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d ( )
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The divergence angle of the outer edge reflecting light 
below the x axis (labeled 1 in Fig. 4) is

1 180 2 D B
οβ η α= + − (3)

The divergence angle of the outer edge reflecting light 
above the x axis (labeled 1′  in Fig. 4) can be written as

1 2 E Cγ η α′ ′= − (4)

                                
The divergence angles of inner edge reflecting light 

below and above the x axis (labeled 2 and 2′ respectively 
in Fig. 4) can be obtained by the same method depicted 
above.

In any case, when   and,   then light converges, 
toward the x axis, otherwise   and   means that 
light diverges from the x axis.

III. SIMULATION RESULTS OF EMITTING 
ANTENNA WITH ELLIPSOID-PARABOLOID 

SURFACE CONFIGURATION
CONFOCAL SIMULATION OF 

ELLIPSOID-PARABOLOID SURFACES

Suppose the focus of the parabola overlaps with the left 
focus of the ellipse, it means that the coordinate of the 

parabola apex is  

 . Two-dimensional ray tracing 

simulation results, and the curves of the divergence angles 
of the edge emitting light are shown in Fig. 5.

In Fig. 5(a), color of lines from red to blue represent 
energy changes from high to low level. Fig. 5(b) shows 
that the divergence angles of inner and outer edge laser 
beam overlapped each other and all approach to 0 degrees, 
which means a precision collimated laser beam, which 
hopefully approaches the diffraction limit, will be produced 
by the confocal optical emitting antenna. This kind of novel 
antenna could greatly enhance the emission efficiency and 
collimation accuracy of optical antenna system for long 
range optical communication.

3.1. On-axial and Off-axial Defocus Analysis of Ellipsoid-
Paraboloid Surfaces

Some mechanical assembly errors could cause the on-axial 
defocus of the ellipsoid-paraboloid mirror surfaces. And 
some thermal expansion damages may cause off-axial defocus 
of the two reflectors [10].

Suppose the amount of on-axial defocusing is s, and the 
off-axial defocusing amount is t, the coordinate of the 

parabola apex can be written as  

 . Two-

dimensional ray tracing simulation results and the curves 
of the divergence angles of the edge emitting light with 
change in on-axial defocusing amounts are shown in Fig. 6. 

It has been presented in part II that    and   
mean that light converges toward the x axis, otherwise 
   and   mean that light diverges away from the x 
axis. It can be inferred from Fig. 6 that the emitting light 
from the emitting antenna is convergent when the on-axial 
defocusing amount is negative (as shown in Fig. 6(a) and 
in the left half of Fig. 6(c)) and is divergence when the 
on-axial defocusing amount is positive (as shown in Fig. 6 
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(a)

(b)

FIG. 5. Simulation results of the confocal optical emitting 

antenna, the coordinate of the parabola apex is  

  , 

p=375 cm, a=75 cm, b=50 cm, and the azimuthal angle of the 
edge light emitted from the radial radiation fiber laser is 
  . (a) Two-dimensional ray tracing of the confocal 
optical emitting antenna. (b) The curves of the divergence 
angles of inner and outer edge laser beam emitted from 
confocal optical emitting antenna change with radial radiation 
azimuthal angle θ, the observation plane is at position of 
x=100 cm.

(a)

(b)

(c)

FIG. 6. Two-dimensional ray tracing simulation results and 
curves of the divergence angles of the edge emitting ray from 
emitting antenna models vs. different on-axial defocusing 
amounts. The observation plane is at position of x = 100 cm. 
(a) Two-dimensional ray tracing simulation result of on-axial 
defocusing amount s = -25 cm and (b) on-axial defocusing 
amount s = 25 cm, (c) the curves of the divergence angles of 
the edge emitting light vs. on-axial defocusing amount s 
changes from -50 cm to 50 cm.

(b) and in the right half of Fig. 6(c)).
Figure 7(a) and Fig. 7(b) shows two-dimensional ray 

tracing simulation results of an antenna with two different 
off-axial defocusing amounts. The emitting light tilts down-
ward when the off-axial defocusing amount is t = -17 cm 
(as shown in Fig. 7(a)) and tilts upward when the off-axial 
defocusing amount is t=17 cm (as shown in Fig. 7(b)). In 
this time, β and γ are regarded as the deviation angles 
between the tilted emitting light and the x axis, as shown 
in Fig. 7(c). 

It can be seen from Fig. 7(c) that when the off-axial 
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(a)

(b)

FIG. 8. Curves for defocusing amounts vs. emission efficiency 
of emitting antenna. (a) Curves of negative defocusing 
amounts vs. emission efficiency. (b) Curves of positive 
defocusing amounts vs. emission efficiency.

(a)

(b)

(c)

FIG. 7. Two-dimensional ray tracing simulation results and 
curves of the deviation angles of the edge emitting light of 
emitting antenna models vs. different off-axial defocusing 
amounts. (a) Two-dimensional ray tracing simulation result of 
off-axial defocusing amount t = -17 cm and (b) off-axial 
defocusing amount t = 17 cm, (c) the curves of the deviation 
angles of the edge emitting light vs. off-axial defocusing 
amount t change from -50 cm to 50 cm.

defocusing t is between -10 cm and 10 cm, curves of 
deviation angles vs. off-axial defocusing almost overlapped, 
from which it can be inferred that the tilted emitting light 
is still collimated when the off-axial defocusing t is in this 
range. It also can be inferred from Fig. 6 and Fig. 7 that, 
light blocking by the secondary mirror occurs in the defocused 
antenna, which causes energy loss of the emitting antenna 
system. Figure 8 shows the curves of emission efficiency 
of emitting antenna vs. different on-axial and off-axial 
defocusing amounts. 

The curve for the on-axial defocusing presented by the 
solid line in Fig. 8(a), when the on-axial defocusing amount 
s is negative, the larger absolute value of on -axial defocusing 
is, the greater divergent emitting light there is. Because of 
the secondary mirror blocking, the emission efficiency of 
antenna monotonically decreases with increase of the absolute 
value of the on-axial defocusing. If the on-axial defocusing is 
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(a) (b) (c)

(d) (e) (f)

FIG. 9. Spot diagrams with different defocusing amounts. (a) On-axial defocusing amount is s = 0, (b) s = -28 cm, (c) s = -50 cm. (d) 
Off-axial defocusing amount is t = -17.5 cm, (e) t = -28 cm, (f) t = -50 cm.

positive, no blocking of the secondary mirror on the divergent 
emitting light, emission efficiency remains 100%, as shown 
by solid line in Fig. 8(b).

For the off-axial defocus case, the emitting light tilts 
downward when the off-axial defocusing amount t is 
negative and tilts upward when the t is positive, the secondary 
mirror blocking always exists. With increase of the absolute 
value of off-axial defocusing, emission efficiency is gradually 
reduced. When the secondary mirror blocking is bypassed, 
the emission efficiency gradually increases once again. Curve 
of negative off-axial defocusing amounts vs. emission efficiency 
(as shown by circle line in Fig. 8(a)) is symmetrically 
distributed compare with the curve of positive off-axial 
defocusing amounts (as shown by circle line in Fig. 8(b)). 
When the on-axial and off-axial defocusing amounts are 
-28 cm and -17.5 cm, respectively, the emission efficiency 
reduced to 80%. When the off-axial defocusing amount is 
-28 cm, the emission efficiency reduced to minimum 75%. 

Figure 9 shows spot diagrams with different defocusing 
amounts, obtained at the plane positioned at x =100 cm.

When the confocal condition is satisfied, transmitting 
light is a high-precision collimated hollow beam, and just 
in time to avoid the secondary mirror blocking (as shown 
in Fig. 9(a)). The emission efficiency is 100% (corresponding 

to point A in Fig. 8(a)). For the case of negative on-axial 
defocusing amounts, i.e. s<0, emitting light is convergent, 
the inner boundary of the light is blocked by the secondary 
mirror. When s=-28 cm (as shown in Fig. 9(b)), the emission 
efficiency approaches to 80% (corresponding to point B in 
Fig. 8(a)). When s=-50 cm(as shown in Fig. 9(c))，the 
emission efficiency reduces to 60% (corresponding to point 
C in Fig. 8(a)). For the case of t<0, light tilts downward, 
but the collimation degree is almost unchanged, serious 
energy loss is caused by the secondary mirror blocking. 
When t =-17.5 cm (as shown in Fig. 9(d)), the secondary 
mirror blocking leads to emission efficiency reduction appro-
aching 80% (corresponding to point D in Fig. 8(a)). When 
t =-28 cm (as shown in Fig. 9(e)), emission efficiency reduces 
to 75% (corresponding to point E in Fig. 8(a)). Afterwards, 
the area of the secondary mirror blocking is reduced, and 
the emission efficiency increases. When t=-50 cm (as shown 
in Fig. 9(f)), emission efficiency approaches 82% (corresponding 
to point F in Fig. 8(a)), but the beam has deviated from 
the x axis by 5.3 degrees (as shown in Fig. 7(c)), long range 
optical communication cannot be realized. The spot diagrams 
of negative off-axial defocusing amounts are symmetrically 
distributed as those of the positive off-axial defocusing 
amounts.
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(a) (b) (c)

FIG.  10. Simulation results of emitting antenna aberration. (a) Spot diagram at the Gaussian plane  for the confocal case and (b) coma 
aberration of emitting antenna with off-axial defocusing amount is t = 1 cm, (c) coma and astigmatism aberrations of emitting antenna 
with off-axial defocusing amount is t = 17 cm.

(a)

(b)

FIG. 11. Schematic diagram of Cassegrain antenna and effective 
receiving plane. (a) Structure of receiving antenna and (b) 
effective receiving plane.

By introducing of an berration-free ideal converging lens 
at the exit pupil of the emitting antenna, optical aberration can 
be exactly visible at its image plane. Figure 10 shows spot 
diagrams obtained at the Gaussian plane of the ideal 
converging lens.

For the confocal case, spot diameter at the Gaussian plane 
of the ideal converging lens is approximately 0.4×10-12 (as 
shown in Fig. 10(a)), the confocal antenna can be regarded 
as an aberration-free system. Obviously, convergent or 
divergent output beam caused by on-axial defocusing may 
shows spherical aberration at the Gaussian plane. For the 
off-axial defocusing case, small off-axial defocusing amount 
cause coma aberration (as shown in Fig. 10(b)), too large 
off-axial defocusing amounts may terminate coma and astig-
matism aberrations at same time (as shown in Fig. 10(c)). 
Thus the smaller the amount of defocusing is, the higher 
the optical quality of the antenna system is. According to 
the Strehl criterion, when the receiving efficiency is 
greater than 80%, the imaging quality of the optical system 
can be regarded as perfect.

In order to further study the light transmission efficiency 
in the whole optical communication system, we must not 
only consider the impact of defocusing amounts and aber-
rations, but also consider the impact of the transmission 
distance on the receiving efficiency of the receiving antenna.

IV. SIMULATION RESULTS OF RECEIVING 
ANTENNA

A receiving antenna always uses a typical Cassegrain 
telescope as shown in Fig. 11(a). The apertures of the 
primary mirror and secondary mirror are =150 mm and 
=30 mm，respectively. The obscuration ratio is =0.2. 
The effective receiving plane can be considered as a 
concentric ring with outer and inner radii of 150 mm and 
30 mm, respectively, as shown in Fig. 11(b).
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(a) (b) (c)

(d) (e) (f)

FIG. 12. Spot diagram on the effective receiving plane at x = 5000 m with different defocusing amounts, (a) s = -0. 5 mm (b) 
s = 0 mm, (c) s = 0.2 mm, (d) t = 0.1 mm, (e) t = 0.2 mm, (f) t = 0.3 mm.

Figure 12 shows the spot diagrams on the effective 
receiving plane, which is a distances of 5000 m from the 
emitting antenna.

In Fig. 12(a), when s =-0.5 mm, the spot diagram at the 
effective receiving plane is concentrated near the inner ring 
edge. The inner part of hollow beam energy is blocked by 
the secondary mirror of the receiving antenna. In Fig. 12(b), 
when s=0 mm, a precision collimated laser beam is completely 
received by the effective receiving plane. In Fig. 12(c), 
when s =0.2 mm, the spot diagram at the receiving plane 
is near the outer ring edge, the outer edge of the hollow 
beam failed to enter the effective receiving plane. It can be 
seen that, positive on-axial defocusing (i.e. s>0) has greater 
influence on the receiving efficiency than the negative 
on-axial defocusing. From Fig. 12(d) to Fig. 12(f), the 
off-axial defocusing t changes from 0.1 mm to 0.5 mm, 
the spot diagram at the effective receiving plane moves 
upward, part of the light is blocked by the secondary mirror 
of the receiving antenna. By integral calculation of spot 
energy at the effective receiving plane, and comparison with 
emitting energy of confocal emitting antenna, the relationship 
between energy loss of the optical antenna system and trans-
mission distance L with different defocusing amounts could 
be obtained, as shown in Fig. 13.

It can be inferred from Fig. 13(a), that when the on-axial 
defocusing is s =0.1 mm, the maximum transmission distance 
achieves L=5000 m and the receiving antenna efficiency is 
reduced to 80%. From Fig. 13(b), when off-axial defocusing 
is t =0.1 mm, the maximum transmission distance achieves 
L=4680 m and the receiving efficiency is reducesd to 
80%. According to the Strehl criterion, to realize long 
range optical communication (L>5000 m), the on-axial 
defocusing and off-axial defocusing must be less than 0.1 
mm, which could be caused by thermal expansion damages 
or mechanical assembly errors of the emitting antenna.

It can be also inferred that curves shown in Fig. 13(a) 
present linear distribution, and curves shown in Fig. 13(b) 
present nonlinear distribution, which means the effects of 
off-axial defocusing on the receiving efficiency is greater 
than that of the on-axial defocusing. Curves of off-axial 
defocusing t vs. receiving efficiency at different transmission 
distances are shown in Fig. 14.

It can be inferred from Fig.14 that for long transmission 
distance L>100 km, curves of off-axial defocusing in range 
of -0.05 mm < t < 0.05 mm have the same distribution. 
When the off-axial defocusing is in the range of -0.01 mm
< t < 0.01 mm, the receiving efficiency is higher than 80%, 
long range optical communication could be guaranteed.
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(a)

(b)

FIG. 13. Relationship between receiving efficiency and 
transmission distance L. (a) Curves of receiving efficiency vs. 
transmission distance L with different on-axial defocusing s, 
(b) curves of receiving efficiency vs. transmission distance L 
with different off-axial defocusing t.

(a)

(b)

FIG. 14. Curves of off-axial defocusing t vs. receiving 
efficiency at different transmission distance L in long range 
optical communication, (a) three-dimensional distribution (b) 
two-dimensional distribution.

V. CONCLUSION

A novel antenna with ellipsoid-paraboloid surfaces con-
figuration is designed for matching the incident radial 
radiation fiber laser distribution for maximum transmission 
efficiency. It can be inferred from simulation results that 
the effects of off-axial defocusing between the primary and 
secondary mirrors of emitting antenna on the receiving effici-
ency is greater than that of the on-axial defocusing. When 
the absolute value of off-axial defocusing is less than 0.05 
mm, curves of receiving efficiency for long transmission 
distance L>100 km have the same distribution. When the 
absolute value of off-axial defocusing is less than 0.01 mm, 
the receiving efficiency is higher than 80%, long range 
optical communication could be guaranteed.

ACKNOWLEDGMENT

This work is supported by the National Natural Science 
Foundation of China under Grant No. 61271167 and No. 
61307093, and also supported by Research Foundation of 
the General Armament Department of China under Grant 
No. 9140A07040913DZ02106 and the Fundamental Research 
Funds for the Central Universities under Grant No. 
ZYGX2013J051.

REFERENCES

1. Y. M. Duan, H. J. Yang, P. Jiang, and P. Wang, “Research on 
the solar concentrating optical system for solar energy 
utilization,” J. Opt. Soc. Korea 17, 371-375 (2013).

2. S. Choi, “New type of white-light LED lighting for 
illumination and optical wireless communication under 
obstacles,” J. Opt. Soc. Korea 16, 203-209 (2012). 

3. Z. H. Chen, H. J. Yang, X. Y. Wang, J. Wang, and X. P. 
Huang, “Theoretical analysis and test for off-axisal 
Cassegrain optical antenna,” Int. J. Light Elect. Opt. 123, 



Journal of the Optical Society of Korea, Vol. 18, No. 5, October 2014494

268-271 (2011).
4. S. D. Jackson, “Towards high-power mid-infrared emission 

from a fibre laser,” Nat. Photonics 6, 423-431 (2012).
5. S. K. Turitsyn, S. A. Babin, A. E. El-Taher, P. Harper, D. 

V. Churkin, S. I. Kablukov, J. D. Ania-Castañón, V. 
Karalekas, and E. V. Podivilov, “Random distributed 
feedback fibre laser,” Nat. Photonics 4, 231-235 (2012).

6. C. Jauregui, J. Limpert, and A. Tünnermann, “High-power 
fibre lasers,” Nat. Photonics 7, 681-867 (2013).

7. M. E. Fermann and I. Hartl, “Ultrafast fibre lasers,” Nat. 
Photonics 7, 868-874 (2013).

8. A. A. Fotiadi and P. Mégre, “Surface-emiting fibre lasers: 
Perfect ring-like beam,” Nat. Photonics 6, 217-219 (2012).

9. A. M. Stolyarov, L. Wei, O. Shapira, F. Sorin, S. L. Chua, J. 
D. Joannopoulos, and Y. Fink, “Microfluidic directional 
emission control of an azimuthally polarized radial fibre 
laser,” Nat. Photonics 6, 229-233 (2012).

10. H. Sun, H. J. Yang, Y. Peng, X. L. Li, and S. S. Li, “3-D 
simulation research for off-axisal Cassegrain optical 
antenna and coupling systems,” Optoelectr. Adv. Mat. 6, 
284-287 (2012).



<<
  /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


