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Abstract

Purpose: Short-circuit current of a solar module that is widely used as a power source for wireless environmental sensors is
proportional to solar radiation although there are a lot of factors affecting the short-circuit current. The objective of this
study is to develop a model for estimating solar radiation for using the solar module as a power source and an irradiance
sensor. Methods: An experiment system collected data on the short-circuit current and environmental factors (ambient
temperature, cloud cover and solar radiation) during 65 days. Based on these data, two linear regression models and a
non-linear regression model were developed and evaluated. Results: The best model was a linear regression model with
short-circuit current, angle of incidence and cloud cover and its overall RMSE(Root Means Square Error) was 66.671 W/m®.
The other linear model (RMSE 69.038 17/m*) was also acceptable when the cloud cover data is not available.
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Introduction

Modern farmers have been struggling with the pro-
duction cost and quality of the produce. Since Willits et al.
(1980) started to use a micro processor for environment
control in greenhouse, various computer and sensor
based environment control systems have been developed
for those needs.

Solar radiation, which is one of the sensing parameters,
has been used to save HVAC (Heating, Ventilating and Air
Conditioning) energy and to produce high quality farm
products. (Pan et al., 2004) Real time solar radiation is
used for C'O, concentration control (Klaringa etal.,, 2007),
supplementary lighting control (Yuehua et al, 2010),
while accumulated solar radiation is used for yield pre-
diction (Seshu and Cady, 1983), irrigation system control
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(Roh and Lee, 1996).

Solar radiation was not considered as a sensing
parameter until the past few years due to high price of
pyranometer. Since Whillier (1964) and ].P. Kerr et al.
(1967) tried to develop a pyranometer using a Si solar
cell, pyranometers have been integrated compensation
devices for better accuracy and independency to spectrum
change. Nowaday two types of pyranometer are available
in the market. A thermopile pyranometer is very expensive
because of its great accuracy and insensitivity to spectrum
change. A photodiode pyranometer is sensitive to spec-
trum change and relatively inexpensive compared to
thermopile pyranometer. Accuracy and response time of
solar radiation measurment are not of big concern in
horticulture, however sensors with affordable price and
less accuracy are not available in the market.

Meanwhile the solar power systems have been widely
used as a renewable energy source not only in urban but
also in rural area. A remote controlled weeder using solar
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module was developed and evaluated (Kim and Jang,
2007). Some environment monitoring systems adopt a
solar module for power source of remote sensors.
Various wireless sensors with solar power source have
been developed and used due to their low cost and long
service life (Kim et al.,, 2008; Sun et al., 2009).

This research was to develop a low cost remote
environment monitoring system for farmers. Si solar
module was selected as a power source of the tem-
perature, humidity and CO; sensors as well as a possible
radiation sensor. In principle, a solar module can be used
as a sensor for solar radiation because a solar module is a
set of solar cells. However, other factors affecting on the
current of the solar module causes significant errors in
measurement. In this paper, behavior of the short-circuit
current of Si solar module was theoretically investigated,
and a simple form of statistical model for estimating solar
radiation was proposed, experiments to test the models
were accomplished and the developed models were
evaluated to check if the models are acceptable for the
horticultural purpose.

Materials and Methods

Modelling the short-circuit current of a
solar cell

The short-circuit current of a silicon solar cell is
directly proportional to the incident solar radiation (Kerr
etal, 1967), butitis significantly affected by many factors
such as solar angle-of-incidence (AOI), device temperature,
tilt orientation, mechanical and optical asymmetries in
the instrument, thermal response time, the ratio of the
diffuse to direct components of the total irradiance,
linearity of response with irradiance level, and the air
mass (King and Myers, 1997). El-Shobokshy and Hussein
(1993) described the effect of accumulation of dust and
particulate matter onto the surface of photovoltaic cells.
Parretta et al. (1998) developed four independent models
describing four loss effects; reflection and absorption at
the front cover of the module, spectrum, intensity of the
light and temperature of module.

King (1997) proposed empirical equations for a solar
module in an arbitrary operating condition. Eq. (1), which
is one of the equations, shows a relationship between
short-circuit current, solar radiation, cell temperature,
absolute air mass (A444,) and angle of incidence (AOI).
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E
L= 1, (AM)[,(AOD {1, o, (T,-1T,)) (1)
! :
where, 7. :short-circuit current of solar module

E :Plane of array solar irradiance using broad-
band pyranometer measurement corrected
for angle of incidence sensitivity ( 17/m?)
E, :Reference “one sun” irradiance in plane of
array (1000 W/m?)
f1(AM,) : Empirically determined function for
solar spectral influence
f»(A40I) : Empirically determined function for
angle of incidence influence

AN, : Absolute air mass

AOI :Solar angle of incidence on module (°)
7. :Temperature of cells inside module (C)
T,  :Reference temperature for cells in module

(25C)
I : I, at standard test condition (£,=1000
w/m?, T,=25C, AM,=1.5, AOI= 0°)
a, I temperature coefficient (A/ )

Kingetal. (2003) reported two empirical equations for
calculating cell temperature inside the module and tem-
perature of backside of the module using solar radiation
and wind speed. In this study, it's assumed the effect of
wind speed could be ignored because it is less significant
than the effect of temperature or solar radiation and it’s
not easy to measure wind speed for practical use. Eq. (2)
is the re-written empirical equations by ignoring the
wind speed effect in the equations proposed by King et
al.(2003). The reported range of a and A7 are about —
2.81~-3.56 and 0~13 C, respectively.

TF=E(e”'+£)+Ta (2)
E

where, 7, :temperature of solar cell (C)

7, :air temperature (C)

E  :solar radiation ( W/m?)

AT :temperature difference between back side
of module and solar cell at standard
radiation — 1000 W/m? ('C)

a  :empirical coefficient

By inserting Eq. (2) into Eq. (1), the short-circuit
current of solar module could be modeled as Eq. (3)
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Cloud Cover

The cloud cover is the fraction of the sky covered by
clouds. The KMA (Korea Meterological Administration)
announces its hourly value between 0 and 10 by regional
groups. It has an inverse relation with solar radiation and
several researchers tried to estimate solar radiation
using it. Kasten, F. and G. Czeplak (1980) analyzed the
dependence of solar radiation on cloud amount and cloud
type. Gul et al. (1998) compared CRM (cloud-cover radi-
ation model) and MRM (meteorological radiation model).
Yoo et al. (2008) estimated solar radiation using cloud
cover.

Experiments and data collection
A solar module (TSM-10M, Shanghai Topsolar Green
Energy Co., LTD., China) consisted of 36 solar cells con-

EeES

ARaRARE

(a) TSM-10M, solar module (b) SYE-420M2007PM4,

pyranometer

Figure 1. Experimental devices.

WCS1702

Cement Resistance
S5W 0.20

TSM-10M
Solar Module

nected in series without bypass diode. The short-circuit
current coefficient («, ) is 0.05%/C and the maximum
short-circuit current is 0.67A at the standard test con-
dition. A hall effect base linear current sensor (WCS1702,
Winson Semiconductor Corp., Taiwan) was used for
measuring short-circuit current. The sensitivity is 1.0
mV/mA and the internal resistance is 0.24 Q. A pyranometer
(SYE-420M2007PM4, ShinYoung Electronics Co,. LTD.,
Korea) was used for measuring short-circuit current and
solar radiation, respectively. The measurable range is
0~2,000 W/m? and the error is less than +18 W/m? at
temperature range —40C~80TC.

A software for data collecting was developed in Labview
8.5 (National Instrument, USA) and Mysql 5.1.41 (Oracle,
USA) was used as a data storage system. Short- circuit
current was measured every second and ambient tem-
perature and solar radiation was collected every minute.
A program written in Python programming language
(Python Software Foundation, 2.6) was used to get hourly
cloud cover data from KMA web site (http:// www.kma.
go.kr).

Data on solar radiation and short-circuit current of the
solar module were collected from 14™ April 2011 to 20"
June 2011 at Gyeonggi-do Agricultural Research & Ex-
tension Services. (latitude 37°13'21.27"N, longitude 127°
2'30.74"E) AOI at the experimental site was calculated
using the following formula. (Nam et al., 2008)

2 sin 22 a0
§=sin"'[sin23.45 Sm{gm(d 80) (4)
AOI=90" —sin '[sindsing+ cosdcosgcost] (5)

where, § :declination
¢ :latitude

Current Sensor

NI USB-6251 DAQ

LI RRRE

Figure 2. Structure of data acquisition system.
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d :day ofyear
t :angle of time

The absolute airmass (A24,) was calculated using Eq.
(6) proposed by Kasten and Young (1989).

e(*0.0001184 o h)

7 [cos(Z,) +0.5057(96.080 — Z,) 5]

AM, (6)

where, A4/, :absolute airmass
Z,  :solar zenith angle

s

h : site altitude

Development of regression models and
evaluation

Linear and non-linear models for the solar radiation
were considered. For linear regression models, Z,, 7,,
cos(AO0I) were selected as dependent variables because
these are known to have linear relation with solar
radiation. (Kerr etal,, 1967; King etal,, 2003). And /. < 7,
was considered because short-circuit current and tem-
perature of solar cell has an interaction. The last dependent
variable was cloud cover(C).

Two non-linear models were tested based on Eq. (3).
After finding out parameters, the equation was rearranged
like Eq. (7). Because the fact that parameters to be
determined appears in both denominator and the
numerator of Eq. (7) caused an instability problems in the
statistical analysis (SAS 9.1.3, SAS Institute Inc., USA).
Therefore, for the non-linear model, Z

, I, in Eq. (3) were
used as the dependent variable in the parameter
determination. And the order of functions f,(44,) and
f,(A0D were assumed 4™ and 5, respectively(King et
al, 2003). Table 1 summarize the forms of the tested

model.

9 ]sr
\/ (Lt a (T D) P2+ G2 (140, (1, 1)
. e+ 25
E, " " E, (7)

In determining the coefficients of the non-linear model,
the MARQUARDT algorithm in the SAS was used instead
of NEWTON because the correlation coefficients between
parameters were high. The ranges of empirical coefficients
for a and temperature difference( A7) were —1 ~ —4 and
0 ~ 4C, respectively.

Daily collected data were divided into 2 randomly
chosen data sets (47 days data and 20 days data) for
development and evaluation of models. The coefficient of
determination (R?) and the pseudo R” in Eq. (8) were
used for evaluation of the linear regression model and a
non-linear regression model repectively, because R? is
not usually used for non-linear regression (UCLA, 2011).

Pseudo R*=1—S5S(Residual)/SS(Corrected Total) (8)

The size of the root mean square error, RMSE, was used
to evaluate the accuracy of the proposed models to
determine the best model.

Results

Solar radiation pattern

Figure 3 shows changes of solar radiation and ambient
temperature from 14" April 2011 to 20" June 2011. The
data on 12" May were considered error and excluded
because it was greater than the extraterrestrial solar
radiation.

The ranges of solar radiation, ambient temperature
and short-circuit current within the test period at the test
site were 0~1,276 W/m?, 4.3~36.7C and 0~0.672 A,
respectively. The calculated ranges of AOl and A7, were
0.241~1.571 rad and 1.026~3331, respectively.

Regression models
Table 2 shows the results of linear regression analysis.

The R? values of both models were over 0.95 and it
showed significant relations for all coefficients (P <
0.001).

Table 1. Regression models for estimating solar radiation

Model No. Tvoe Dependent Independent variables or Number of coefficients
’ yp Variable coefficients to be determined to be determined
I,,cos(A0D,C 3
linear FE
Isc’ T;L]sc X JL,OOS(AO[) 4
3 non-linear I coeff. of f,(4M), coeff. of f,(40I), AT, a 13
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Figure 3. Changes of solar radiation and temperature from 14" April to 20" June in 2011.

Table 2. Result of linear regression analysis

Model No. R F
1 0.957 499038**
2 0.953 342957**

Model Equation
E=37.696+1599.2947 . +134.702cos (401l —6.146C

E=—20.792+1.537 7, +1788.5221, ,+92.769c0s (A OI) —4.303 7,

a“sc

Table 3. Result of non-linear regression analysis

Model Pseudo F
No. R?
3 0.870 63354.1**

Model Equation

E

o, AT
Le=3000h (4AM,)f,(A0D(0.6740.05(E(e" +-—-)

1000’ T % ~25))

1, (AM) = L.76 E—8AM*— 0.9E— 4AM?+0.09AM1

—0.5044M, +1

1, (AOD =—0.44140I°—0.244 AOI* +1.048 A OI*+1.339 A OI*
—1.740I+1

a=—4.2

AT=3

Table 4. Accuracy of the regression models

Model No. 1
RMSE 66.671 1W/m?

2
69.038 W/m?

3
214.349 W/ m?

Table 3 shows the results of the non-linear regression.
The value of pseudo R? calculated using Eq. (8) was 0.870.
Although R? and pseudo R? could not be compared
directly, the value is lower than R? of the linear models.

Evaluations of the models

Table 4 shows the RMSE values of the developed
models. The linear models showed acceptable accuracy
for the greenhouse control. The minimum RMSE of 66.671

W/m? corresponds to 5.36% of the maximum solar radi-
ation in the greenhouse. Solar radiation fluctuates quickly
with the cloud cover. So, greenhouse environment control
systems use the time average of solar radiation. Ifa green-
house environment system controls the supplementary
lighting or CO, concentration based on 10 minutes
average or longer, then RMSEs of the linear model judged
to be acceptable but not sufficient. However some ap-
plications (Seshu and Cady, 1983; Roh and Lee, 1996)

15
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Figure 4. Comparison between actual radiation and estimated radiation using the model 1.
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Figure 5. Comparison between actual radiation and estimated radiation using the model 2.

where accumulated solar radiation is necessary, the
developed model is judged to be sufficiently accurate.
However, the non-linear model showed large RMSE of
247.365 W/m? (17.23% of the daily maximum solar
radiation) and judged to be inacceptable.

The evaluation data sets and the predicted values by
the linear regression models were shown in Figure 4 and
Figure 5. Both figures showed a distribution pattern of an
oval-shape but did not show a noticeable difference even
if the RMSEs were different.

Figure 5 shows measured radiation by the pyranometer

16

and estimated by the model 1 on 27" April when the
maximum difference(-545.42 W/m?) between actual and
estimated radiation was observed. And the difference
increases as radiation changes rapidly. Especially, at
13:22, the radiation data from the pyranometer changed
1,151 W/m® to 423 W/m* suddenly but the estimated
radiation changed 1,004 W/m? to 968 W/m?”. In other
words, the developed experiment set and the solar
radiation model could not follow the sudden changes of
the solar radiation. The difference fluctuated largely
during 9:30 to 11:30 when the actual radiation fluctuate
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Figure 6. Daily radiation changes on 27" April.

largely. The phenomenon may happen due to the dif-
ference of the sensing area. The sensing area of the
pyranometer is very small (< 1 mm?) while that of the
experimental solar module is about 648 cm?. The dif-
ference of the sensing area could cause a damping effect
or an averaging effect.

Figure 6 compares accumulated actual solar radiation
and accumulated estimated solar radiation of model 1.
The green line shows ratio of the difference between
accumulated actual and estimated solar radiation to daily
maximum of accumulated actual solar radiation. Although
the maximum ratio is over 24.9%, the average ratio is
3.88% which is lower than the RMSE ratio for direct use.
So the developed model 1 is better for the accumulated
solar radiation applications. But it shows over estimated
value on cloudy days such as 18" April, 27" April and 6"
May. It could has a drawback for control of supplement
light.

Although the model 1 showed better accuracy than the
model 2, it requires data on the cloud cover which could
not measure directly. So the model 2 can be an alternative
when the cloud cover data is not available. The model 1 is
recommended for a server system which integrates the
sensing data and the cloud data from the Internet.

Conclusion

The use of pyranometer has been increasing in the
remote greenhouse control but high cost of the sensor
acted as a limiting factor in the use integrated envir-

onment sensor to farmers. This study was to develop a
low cost solar radiation sensor with reasonable accuracy
for the environment control in greenhouses using a solar
module. Using experimental data, three statistical models
for estimating solar radiation using short-circuit current
of a solar module, cloud cover, ambient temperature,
angle of incidence and airmass were developed and
evaluated.
Main conclusions are as follows:

(1) Two linear regression models showed good
predictability (27 > 0.95). The RMSE values evalu-
ated were 66.671 W/m? and 69.038 W/m>.

(2) A non-linear regression model was developed

using theoretical equation. The pseudo R? of the

non-linear regression model (0.870) was not good
compared to the linear models. And the RMSE
value was also worse than the linear models.

(3) Thelinear model using short-circuit current, cloud

cover, ambient temperature was accurate enough

to measure the accumulated solar radiation
applications, but insufficient to measure the real
time solar radiation.

(4) The model with cloud cover was better than that

without cloud cover but not appropriate for the

place where Internet is not available because the
cloud cover could not be measured directly.

Therefore the model without cloud cover, even if it

has a little lower accuracy is good for the remote

place.

17



Kim et al. Modeling of Solar Radiation Using Silicon Solar Module
Journal of Biosystems Engineering ¢ Vol. 37, No. 1, 2012 « www.jbeng.org

Conflict of Interest

No potential conflict of interest relevant to this article
was reported.

Acknowledgments

This Study was supported by Technology Development
Program for Agriculture and Forestry, Ministry for Food,
Agriculture, Forestry and Fisheries, Republic of Korea.

References

Casadesus, J., M. Mata, ]. Marsal and ]. Girona. 2011.
Automated irrigation of apple trees based on meas-
urements of light interception by the canopy. Bio-
systems Engineering 108(3):220-226.

El-Shobokshy, M. S. and F. M. Hussein. 1993. Effect of dust
with different physical properties on the performance
of photovoltaic cells. Solar Energy 51(6):505-511.

Gul, M. S., T. Muneer and H. D. Kambezidis. 1998. Models
for obtaining solar radiation from other meteorological
data. Solar Energy 64(1-3):99-108.

Kasten, F. and G. Czeplak. 1980. Solar and terrestrial
radiation dependent on the amount and type of cloud.
Solar Energy 24(2):177-189.

Kerr, ]J. P., G. W. Thurtell and C. B. Tanner. 1967. Inte-
grating pyranometer for climatological observer
stations and mesoscale networks. Journal of Applied
Meteorology 688-694.

Kim, Y., R. G. Evans and W. M. Iversen. 2008. Remote
sensing and control of an irrigation system using a
distributed wireless sensor network. IEEE Transactions
on Instrumentation and Measurement 57(7):1379-1387.

King, D. L. 1997. Photovoltaic module and array per-
formance characterization methods for all system
operating conditions. AIP Conference Proceedings
394(1):347-368.

King, D. L, W. E. Boyson and ]. A. Kratochvil. 2003.
Photovoltaic array performance model. Albuquerque,
NM: Sandia National Labotories.

King, D. L. and D. R. Myers. 1997. Silicon-photodiode
pyranometers: operational characteristics, historical
experiences, and new calibration procedures. Photo-
voltaic Specialists Conference. Piscataway, NJ: IEEE.

Kim, T. S. and I. ]. Jang. 2007. Development of a Remote
Controlled Weeder Driven by Solar Battery Power.
Journal of Biosystems Engineering 32(2):91-96.

18

Klaring, H. P., C. Hauschild, A. Heibner and B. Bar-Yosef.
2007. Model-based control of CO; concentration in
greenhouses at ambient levels increases cucumber
yield. Agricultural and Forest Meteorology 143(3-4):
208-216.

Nam, S. W.,, W. M. Seo, Y. C. Yoon, S. K. Lee, I. B. Lee, H. W.
Lee and B. K. Cho. 2008. Bio-environment control
engineering, pp. 72-77. Daegu, Korea: Cheongsol Pub-
lication (In Korean).

Marshall, B. and R. Thompson. 1987. A Model of the
Influence of Air Temperature and Solar Radiation on
the Time to Maturity of Calabrese Brassica oleracea
var italica. Annals of Botany 60(5):513-519.

Pan, Z., M. Segal, R. W. Arritt and E. S. Takle. 2004. On the
potential change in solar radiation over the US due to
increases of atmospheric greenhouse gases. Renewable
Energy 29(11):1923-1928.

Parretta, A., A. Sarno and L. R. M. Vicari. 1998. Effects of
solar irradiation conditions on the outdoor performance
of photovoltaic modules. Optics Communications 153
(1-3):153-163.

Roh, M. Y. and Y. B. Lee. 1996. Control of Amount and
Frequency of Irrigation according to Integrated Solar
Radiation in Cucumber Substrate Culture. Acta Horti-
culture 440:332-337.

Schabenberger, O. 2002. SAS Library - Nonlinear Regression
in SAS. UCLA: Academic Technology Services, Statistical
Consulting Group.

Seshu, D. V. and F. B. Cady. 1983. Response of Rice to Solar
Radiation and Temperature Estimated from Inter-
national Yield Trials1. Crop Science 24(4):649-654.

Sun, Y., L. Li, P. Schulze Lammers, Q. Zeng, ]. Lin and H.
Schumann. 2009. A solar-powered wireless cell for
dynamically monitoring soil water content. Computers
and Electronics in Agriculture 69(1):19-23.

Whillier, A. 1964. Simple, accurate, cheap integrating
instrument for measuring solar radiation. Solar Energy
8(4):134-136.

Willits, D. H., T. K. Karnoski and W. F. McClure. 1980. A
microprocessor-based control system for greenhouse
research: Part  hardware. Transactions of the ASABE
23(3):688-0692.

Yoo, H.-C,, K.-H. Lee and S.-H. Park. 2008. Analysis of Data
and Calculation of Global Solar Radiation based on
Cloud Data for Major Cities in Korea. Journal of the
Korean Solar Energy Society 28(4):17-24 (In Korean).

Yuehua, H., W. Lei and Z. Jie. 2010. Research of fuzzy
control system about greenhouse supplement light
lamps based on single-chip microcomputer. Intelligent
Control and Automation (WCICA) 8th World Congress.




<<
  /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


