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ABSTRACT 

In recent years, compact camera modules (CCMs) have been widely used in consumer electrical and 
electronic products.  CCMs with low cost specially are necessary for portable devices.  Therefore, the 
present group recently developed a miniaturized open-loop controlled camera module with low cost for 
cellphone applications, in which the Lorentz force is balanced by a magnetic restoring force.  To en-
hance the performance of the camera module, this article reports a pattern structure to modify the linearity 
of the magnetic restoring force.  We fabricated a CCM prototype with the dimensions of 8.5 mm × 8.5 mm 
× 5 mm and demonstrated the usefulness of the pattern structure with the CCM prototype.  Its potential 
applications are foreseeable in portable devices, such as cellphones, web cameras, personal digital assis-
tants and other commercial electronics. 

Keywords: Camera, Compact camera module (CCM), Magnetic restoring force, Voice coil actuator 
(VCA), Autofocusing. 

1.  INTRODUCTION 

In recent years for our modern daily life, consumer 
electrical and electronic products have been necessary 
and play an important role.  In these devices, image 
capturing systems have become ubiquitous because peo-
ple can communicate and share information via them.  
As a result, the compact camera modules (CCMs), one of 
the image capturing systems, on the portable consumer 
electrical and electronic products (such as cellphones, 
web cameras, laptop/notebook computer, personal digital 
assistants, and so on) are found in an ever-increasing 
number and have become the basic equipment due to 
their low power, competitive price, and compactness 
[1-3]. 

For the CCMs, in particular, autofocusing is an im-
portant mechanism to achieve better image quality.  
Hence, various kinds of CCMs with autofocusing 
mechanism have been developed and proposed in recent 

decades [4-6].  To the best of our knowledge, these 
CCMs with autofocusing mechanism can been classified 
into numerous types, for example, adaptive liquid lenses 
[4, 7], voice coil actuators (VCAs) [8-10], piezoelectric 
actuators [11, 12], conducting polymer actuators [13, 14], 
and so on.  Amongst existing CCMs with autofocusing 
mechanism, VCA-type CCMs with autofocusing mecha-
nism are specially competitive and attractive because of 
their robust characteristics, mass-productivity, easy 
manufacture, and cheap cost [6, 13].  However, as 
shown in Fig. 2 of [15], for the conventional VCA-type 
CCMs with autofocusing mechanism, highly flexible 
diaphragms are adopted as a suspension with compli-
cated structure and thin thickness.  It needs a high- 
precision manufacturing technology to produce these 
flexible diaphragms.  As a result, these flexible dia-
phragms dominate the yield rate and cost of the conven-
tional VCA-type CCMs with autofocusing mechanism 
[16].  Moreover, to fulfill the design requirements of  
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Fig. 1 Components and 3D model of original VCA-type 
CCM. 

 
these devices with shock-resistance [17], a enough elas-
tic constant for these flexible diaphragms is essential and 
then it is difficult to reduce the power consumption [6, 
10]. 

Accordingly, to solve this issue, the present group 
proposed a novel VCA-type CCM in which the magnetic 
restoring force is used to replace the restoring force of 
these flexible diaphragms in the conventional VCA-type 
CCMs in a previous article [16].  However, with the 
continuing trend toward high-performance CCMs, it is 
necessary to improve the autofocusing accuracy of 
CCMs yet further.  Consequently, in this article, the 
autofocusing performance of the VCA-type CCM pre-
sented in [16] is further improved by modifying the line-
arity of the magnetic restoring force in the original de-
sign with a pattern structure.  The principle improving 
the linearity of the magnetic restoring force was first 
proposed and used in a novel force sensor in a previous 
article [18].  In this article, we use this principle to de-
sign a low-cost and enhanced-performance VCA-type 
CCM.  The performance of the proposed VCA-type 
CCM is characterized numerically using MagNet elec-
tromagnetic field simulation software and is then verified 
experimentally using a laboratory-built prototype. 

The remainder of this article is organized as follows.  
Section 2 reviews the design of the original VCA-type 
CCM presented in [16] based on a magnetic restoring 
force.  Section 3 introduces the VCA-type CCM pro-
posed in this article.  Section 4 describes the numerical 
comparison between the original and proposed 
VCA-type CCMs.  Section 5 discusses the experimental 
characterization and validity of the proposed VCA-type 
CCM prototype.  Finally, Section 6 presents some brief 
concluding remarks. 

2.  DESIGN OF ORIGINAL VCA-TYPE CCM 

The main principle and design of the original VCA- 
type CCM presented in [16] are reviewed in this section.  
The schematic components and 3D model of the original 
VCA-type CCM in [16] are illustrated in Fig. 1.  Com-
paring this figure and Fig. 1 of [16], it is obvious that  
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Fig. 2 Calculated results obtained for Fmr of original 
VCA-type CCM. 
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Fig. 3 Components and 3D model of proposed VCA-type 
CCM. 

 
there are not flexible diaphragms in the structure of the 
original VCA-type CCM and two shaft-hole pairs be-
tween the guide rods and the lens holder guide its mov-
ing part.  In the original design, the guide rods of the 
fixed part and the permanent magnet of the moving part 
give rise to a magnetic restoring force Fmr [16, 19].  
When the autofocusing function of the original VCA- 
type CCM is turned on, Fmr will balance the Lorentz 
force FVCM of the VCA and drive the lens module to dif-
ferent focusing position depended on the magnitude of 
the input current of the coils.  As stated in [16, 19], this 
is just like the behavior of these flexible diaphragms in 
the conventional VCA-type CCMs.  The linearity of the 
restoring force-displacement curve is a very important 
specification for commercial CCMs.  Figure 2 illus-
trates the calculated magnetic restoring force Fmr with 
the displacement for the original VCA-type CCM.  As 
shown, the linearity of the magnetic restoring force- 
displacement curve equals to 0.9903 and could be modi-
fied when compared to the linearity of the restoring 
force-displacement curve of the conventional flexible  
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Fig. 4 Schematic illustration of original, additional, and resultant magnetic restoring forces of proposed VCA-type 
CCM, respectively. 
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Fig. 5 Schematic illustration of key parameters of magnetic structure in proposed VCA-type CCM. 

 
 
diaphragms (It is equal to 1 for ideal case.).  As a result, 
in this article, a pattern structure is proposed to modify 
the linearity of the magnetic restoring force in the origi-
nal VCA-type CCM presented in [16]. 

3.  PROPOSED VCA-TYPE CCM WITH 
MODIFIED MAGNETIC RESTORING FORCE 

In order to modify the linearity of the magnetic re-
storing force-displacement curve, this article reports a 
compact VCA-type CCM with a pattern structure.  The 
schematic components and 3D model of the proposed 
VCA-type CCM in this article are illustrated in Fig. 3.  
From this figure, it is obvious that the proposed 
VCA-type CCM has not flexible diaphragms in its struc-
ture.  From Figs. 1 and 3, it is seen that there are two 
yokes in the proposed VCA-type CCM.  The proposed 
and original VCA-type CCMs have the similar structure 
except for these two yokes.  As shown in Figs. 3 and 4, 
there are two magnetic restoring forces in the proposed 
VCA-type CCM.  As the same as the original design 
[16], the guide rods of the fixed part and the permanent 
magnets of the moving part give rise to the first magnetic 

restoring force Fmr1 (i.e. original magnetic restoring 
force).  Especially, in the same time, the yokes of the 
fixed part and the permanent magnets of the moving part 
give rise to the second magnetic restoring force Fmr2 (i.e. 
additional magnetic restoring force) in the proposed 
structure.  The resultant magnetic restoring force Fmr 
(i.e. proposed magnetic restoring force) is given by 

 1 2 .mr mr mrF F F   (1) 

As shown, it can be observed that for the first mag-
netic restoring force Fmr1, the original magnetic restoring 
force-displacement curve is concave, and the trend of the 
magnetic restoring force-displacement curve is a result of 
the dimensions and relative positions of the magnetic 
structure.  It is characterized numerically using MagNet 
electromagnetic field simulation software.  If the addi-
tional magnetic restoring force-displacement curve could 
be designed to be convex for the second magnetic re-
storing force Fmr2, the linearity of the resultant restoring 
force-displacement curve of the proposed VCA-type 
CCM can be modified.  As a result, in this article, the 
autofocusing performance of the VCA-type CCM pre-
sented in [16] is further improved by modifying the line-
arity of the magnetic restoring force in the original de-
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sign with two additional yokes which are optimized to 
provide a convex magnetic restoring force-displacement 
curve.  The key parameters of the magnetic structure in 
the proposed VCA-type CCM are shown in Fig. 5. 

4.  NUMERICAL SIMULATION 

MagNet electromagnetic field simulation software 
was utilized to calculate the Lorentz force FVCM and re-
sultant magnetic restoring force Fmr, and select the de-
sign parameters of the proposed VCA-type CCM.  In 
this design procedure, we must consider the linearity of 
the resultant restoring force-displacement curve, module 
sizes (for 8.5 mm  8.5 mm), power efficiency, lens di-
mension (for M6), full stroke (for 0.3 mm), and so on.  
This design procedure includes the analysis of static and 
dynamic mechanics.  From the design principle of [16], 
the resultant magnetic restoring force Fmr, the weight of 
the moving part Fw, and the Lorentz force FVCM must 
satisfy the following equations: 

 ,mr wF F  (2) 

 .VCM mr wF F F   (3) 

Table 1 shows the main structural and electromagnetic 
design parameters of the proposed VCA-type CCM. 
 

Table 1 Structural and electromagnetic design parame-
ters in proposed VCA-type CCM. 

Variable Corresponding value
Sizes (mm) 8.5 8.5  5.0 
Stroke (mm) 0.3 

Weight of moving part (mgw) 300 
Material 

Diameter (mm) 
420 grade stainless steel

0.6 Guide rods 
Length (mm) 5 

(BH)max (MGOe) 43~46 
Material Nd-Fe-B N46H 

Height (mm) 1.4 
Length (mm) 4 

Permanent 
magnet 

Thickness (mm) 0.6 

Yoke 

Material 
Height (mm) 
Length (mm) 

Thickness (mm) 

SAE1008 
1.3 
1.3 
0.5 

Height (mm) 1.4 
Length (mm) 8.4 

Thickness (mm) 0.3 
Core diameter (mm) 0.04 
Winding turns (turns) 125 

Coils 

Electrical resistance (Ω) 64 
Air gap width between permanent 

magnet and coil (mm) 
0.2 

 
Figure 6 shows the numerical model and simulation 

results for the magnetic flux density in the proposed 
VCA-type CCM.  From the numerical model and simu-
lation results, the resultant magnetic restoring force Fmr,  

1.47136

1.17709

0.882815

0.588543

0.294272

0

1.47136

1.17709

0.882815

0.588543

0.294272

0

Arrow Plot
B
1

Shaded Plot
Bl
1

 

Fig. 6 Numerical model and results for magnetic flux 
density in proposed VCA-type CCM. 
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Fig. 7 Calculated results for original, additional, and 
resultant magnetic restoring forces of proposed 
VCA-type CCM, respectively. 

 
 

the original magnetic restoring force Fmr1, and the addi-
tional resultant magnetic restoring force Fmr2 with the 
displacement, respectively, and the Lorentz force FVCM 
can be obtained for the proposed VCA-type CCM.  
Figure 7 illustrates the calculated original, additional, 
and resultant magnetic restoring forces with the dis-
placement, respectively, for the proposed VCA-type 
CCM.  As shown, it can be observed that the original 
magnetic restoring force-displacement curve is concave 
and its linearity equals to 0.9947; the additional magnetic 
restoring force-displacement curve is convex; and the 
linearity of the resultant restoring force-displacement 
curve of the proposed VCA-type CCM is modified as 
0.9978.  As a result, it verifies that the linearity of the 
magnetic restoring force in the original design could be 
further modified with two additional yokes, which agrees 
with the principle stated in Section 3.  Figure 8 illus-
trates the calculated FVCM and Fmr + Fw with the dis- 
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Fig. 8 Calculated results for FVCM and Fmr + Fw of 
proposed VCA-type CCM, respectively. 

 

 

Fig. 9  Picture of fabricated camera module prototype. 

 
 
placement, respectively, for the proposed VCA-type 
CCM.  From this figure, it can be observed that the 
proposed VCA-type CCM can reach the maximal dis-
placement of 0.3 mm with an input current of 24 mA, 
which has lower power consumption when compared to 
conventional VCA-type CCMs with autofocusing 
mechanism [20]. 

5.  EXPERIMENTAL CHARACTERIZATION 
AND VALIDITY OF PROTOTYPE 

In this article, we fabricated a laboratory-built VCA- 
type CCM prototype to evaluate the characteristics and  
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Fig. 10 Experimental results for FVCM and Fmr + Fw of 
proposed VCA-type CCM, respectively. 

 
performance of the proposed VCA-type CCM.  Figure 9 
shows the picture of the fabricated CCM prototype with 
dimensions of 8.5 mm  8.5 mm  5 mm.  We used a 
Transducer Techniques load cell (type: GSO-25) to 
measure the Lorentz force FVCM and the resultant mag-
netic restoring force Fmr, and a Keyence laser displace-
ment sensor (type: LK-G80) to measure the displacement 
of the proposed VCA-type CCM, respectively, in the 
experiments.  Figure 10 illustrates the experimental 
results for FVCM and Fmr + Fw with the displacement, re-
spectively, for the proposed VCA-type CCM.  It is 
noted that the measured data were repeated ten times and 
recorded at each measuring displacement.  As shown, it 
can be observed that the linearity of the resultant restor-
ing force-displacement curve of the proposed VCA-type 
CCM is measured as 0.9935 and it is in good agreement 
with the simulation value of 0.9978 given in Section 4.  
From this figure, it can be observed that the proposed 
VCA-type CCM can reach the maximal displacement of 
0.3 mm with an input current of 29 mA, which is a little 
greater than the simulation value of 24 mA.  This dis-
crepancy is reasonable between the physics model and 
fabricated prototype [16]. 

Moreover, as shown in Fig. 11, we used 45 degree, 
horizontal, and overturned experimental postures to 
measure the displacement-current motion characteristics 
of the proposed VCA-type CCM, respectively.  The 
experimental results are presented in Fig. 12.  As shown, 
the repeatability is not well due to the friction force be-
tween guild rods and lens holder.  However, the friction 
can result in indeterminate factor that is hard to over-
come in open-loop control for high precision.  There-
fore, in a future study, the proposed VCA-type CCM will 
be combined with a proper compliant translation joint in 
order to overcome the issue [16, 21, 22].  Figure 12 also 
shows the proposed VCA-type CCM has the lowest 
power consumption at overturned posture.  This is be-
cause the direction of the weight of the moving part is 
the same with the direction of its movement.  In addi-
tion, we used a Suruga Seiki optical autocollimator (type:  
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Fig. 11  Picture of three experimental postures. 
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Fig. 12 Experimental displacement-current motion 
characteristics of the proposed VCA-type 
CCM. 

 
HIP-550/025A, as shown in Fig. 13) to measure the dy-
namic tilt angle of the proposed VCA-type CCM.  Fig-
ure 14 shows the experimental results for measuring dy-
namic tilt angle.  It can be observed that the proposed 
VCA-type CCM has a dynamic tilt angle of 0.141 degree 
(equal to 8.46 arc-min) and is less than the standard of 10 
arc-min. 

 

Fig. 13 Picture of experimental setup for measuring 
dynamic tilt angle. 

 
Finally, we constructed a laboratory-built digital im-

age capturing and recording device to capture photo- 
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Fig. 14 Experimental results for measuring dynamic 
tilt angle. 

 

CCM prototype
 

Fig. 15 Picture of experimental setup for capturing 
photograph. 

 
 
graphs.  As shown in Fig. 15, the proposed VCA-type 
CCM prototype was fixed on a custom-made image sen-
sor demo board (PixArt Imaging Inc., Taiwan), in which 
the function of the proposed VCA-type CCM prototype 
is to moving the lens module to focusing position and 
capture a sharp photograph.  Figure 16 shows two cap-
tured photographs when the autofocusing mechanism is 
activated and not activated, respectively.  It can be ob-
served that the quality of the captured photograph is bet-
ter with the autofocusing mechanism.  Consequently, 
the experimental results have verified the performance of 
the proposed VCA-type CCM.  Its potential applica-
tions are foreseeable in portable devices, such as cell-
phones, web cameras, personal digital assistants and 
other commercial electronics. 

6.  CONCLUSIONS 

This article has reported a low-cost and enhanced- 
performance VCA-type CCM, in which the linearity of 
the magnetic restoring force is further modified with two 
additional yokes.  Its performance has been character-
ized using numerical simulation and then verified using a 
laboratory-built prototype.  The experimental results 
have shown that the proposed VCA-type CCM has a 
compact dimensions of 8.5 mm × 8.5 mm × 5 mm, a  

Not activated

Activated
 

Fig. 16  Experimental results for capturing photograph. 

 
 

high power efficiency (with a maximal input current of 
29 mA for the displacement of 0.3 mm), a high linearity 
of the magnetic restoring force with 0.9935, and an ex-
cellent dynamic tilt angle of 8.46 arc-min.  Therefore 
they have proven that the proposed VCA-type CCM has 
many foreseeable applications in portable devices. 

ACKNOWLEDGEMENTS 

The authors gratefully acknowledge the financial 
support provided to this study by the National Science 
Council of Taiwan under Grant No. NSC 102-2221-E- 
194-023 and the Ministry of Science and Technology of 
Taiwan under Grant Nos. MOST 103-2221-E-194-006- 
MY3 and MOST 105-2221-E-194-013-MY5. 

REFERENCES 

 1. Wang, J. L., Chen, T. Y., Chien, Y. H. and Su, G. D. 
J., “Miniature optical autofocus camera by micro-
machined fluoropolymer deformable mirror,” Optics 
Express, 17, pp. 6268-6274 (2009). 

 2. Tsai, F. S., Cho, S. H., Lo, Y. H., Vasko, B. and 
Vasko, J., “Miniaturized universal imaging device 
using fluidic lens,” Optics Letters, 33, pp. 291-293 
(2008). 

 3. Yoon, H. S. and Park, T. H., “A fast focusing method 

https://doi.org/10.1017/jmech.2016.121 Published online by Cambridge University Press

https://doi.org/10.1017/jmech.2016.121


482   Journal of Mechanics, Vol. 33, No. 4, August 2017 
 

for CCM autofocusing handlers,” International 
Journal of Advanced Manufacturing Technology, 43, 
pp. 287-293 (2009). 

 4. Liu, C. S. and Lin, P. D., “Miniaturized auto-focusing 
VCM actuator with zero holding current,” Optics 
Express, 17, pp. 9754-9763 (2009). 

 5. Cheng, H. C., Xu, F., Liu, Y. F., Levi, S. and Wu, S. 
T., “Adaptive mechanical-wetting lens actuated by 
ferrofluids,” Optics Communications, 284, pp. 2118- 
2121 (2011). 

 6. Liu, C. S., Ko, S. S. and Lin, P. D., “Experimental 
characterization of high-performance miniature 
auto-focusing VCM actuator,” IEEE Transactions on 
Magnetics, 47, pp. 738-745 (2011). 

 7. Abdullah, S. J., Ratnam, M. M. and Samad, Z., “Er-
ror-based autofocus system using image feedback in 
a liquid-filled diaphragm lens,” Optical Engineering, 
48, 123602 (2009). 

 8. Yu, H. C. et al., “Low power consumption focusing 
actuator for a mini video camera,” Journal of Applied 
Physics, 99, 08R901 (2006). 

 9. Yu, H. C., Chen, T. C. and Liu, C. S., “Adaptive 
fuzzy logic proportional-integral-derivative control 
for a miniature autofocus voice coil motor actuator 
with retaining force,” IEEE Transactions on Mag-
netics, 50, 8203204 (2014). 

10. Liu, C. S., Kuo, L. and Tsai, B. J., “New electro-
magnetic design of miniature AF VCM actuator with 
low cost,” Journal of Mechanics, 32, pp. 421-426 
(2016). 

11. Oh, C. H., Choi, J. H., Nam, H. J., Bu, J. U. and Kim, 
S. H., “Ultra-compact, zero-power magnetic latching 
piezoelectric inchworm motor with integrated posi-
tion sensor,” Sensors and Actuators A, 158, pp. 306- 
312 (2010). 

12. Cao, W. Z., Yang, X. H. and Tian, X. B., “Numerical 
evaluation of size effect in piezoelectric micro-beam 
with linear micromorphic electroelastic theory,” 
Journal of Mechanics, 30, pp. 467-476 (2014). 

13. Ikushima, K., John, S., Ono, A. and Nagamitsu, S., 
“PEDOT/PSS bending actuators for autofocus micro 
lens applications,” Synthetic Metals, 160, pp. 1877- 
1883 (2010). 

14. Wang, J. L., Chen, T. Y., Liu, C. W., Chiu, C. W. E. 
and Su, G. D. J., “Polymer deformable mirror for op-
tical auto focusing,” ETRI Journal, 29, pp. 817-819 
(2007). 

15. Song, B. Y. et al., “Auto-focusing actuator and cam-
era module including flexible diaphragm for mobile 
phone camera and wireless capsule endoscope,” Mi-
crosystem Technologies, 16, pp. 149-159 (2010). 

16. Liu, C. S., Chang, Y. H. and Li, H. F., “Design of an 
open-loop controlled auto-focusing VCM actuator 
without spring plates,” International Journal of Ap-
plied Electromagnetics and Mechanics, 51, pp. 61- 
70 (2016). 

17. Liu, C. S. and Ko, S. S., “Miniature auto-focusing 
VCM actuator with excellent shock resistance,” Ad-
vanced Science Letters, 8, pp. 83-88 (2012). 

18. Liu, C. S., Tsai, B. J. and Chang, Y. H., “Design and 
applications of novel enhanced-performance force 
sensor,” IEEE Sensors Journal, 16, pp. 4665-4666 
(2016). 

19. Liu, C. S. and Li, H. F., “Design and experimental 
validation of novel force sensor,” IEEE Sensors 
Journal, 15, pp. 4402-4408 (2015). 

20. Lai, L. K., Tsai, C. L. and Liu, T. S., “Design of 
compact linear electromagnetic actuator for auto- 
focusing in phone camera,” IEEE Transactions on 
Magnetics, 47, pp. 4740-4744 (2011). 

21. Hao, G. and Li, H., “Nonlinear analytical modeling 
and characteristic analysis of a class of compound 
multi-beam parallelogram mechanisms,” Journal of 
Mechanisms and Robotics, 7, 041016 (2015). 

22. Hao, G., Li, H., He, X., and Kong, X., “Conceptual 
design of compliant translational joints for high- 
precision applications,” Frontiers of Mechanical 
Engineering, 9, pp. 9331-9343 (2014). 

 
 
 
 

 
 

 

(Manuscript received August 26, 2016,
accepted for publication November 25, 2016.)

https://doi.org/10.1017/jmech.2016.121 Published online by Cambridge University Press

https://doi.org/10.1017/jmech.2016.121


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /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 false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /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 false
  /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 false
  /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 (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHT <FEFF005B683964DA300C0032003400300030006400700069002D0036300D005D00204F7F752890194E9B8A2D7F6E5EFA7ACB7684002000410064006F006200650020005000440046002065874EF69069752865BC9AD854C18CEA76845370524D5370523786557406300260A853EF4EE54F7F75280020004100630072006F0062006100740020548C002000410064006F00620065002000520065006100640065007200200035002E003000204EE553CA66F49AD87248672C4F86958B555F5DF25EFA7ACB76840020005000440046002065874EF63002>
  >>
  /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 true
      /AddColorBars true
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks true
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions false
        /ConvertStrokesToOutlines true
        /ConvertTextToOutlines true
        /GradientResolution 175
        /LineArtTextResolution 2400
        /PresetName (2400dpi)
        /PresetSelector /UseName
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed true
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.275 841.890]
>> setpagedevice


