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Abstract – The location of PV systems in distribution system has been increased as one of 
countermeasure for global environmental issues. As the operation efficiency of PV systems is getting 
decreased year by year due to the aging phenomenon and maintenance problems, the optimal algorithm 
for state diagnosis in PV systems is required in order to improve operation performance in PV systems. 
The existing output prediction algorithms considering various parameters and conditions of PV 
modules could have complicated calculation process and then their results may have a possibility of 
significant prediction error. To solve these problems, this paper proposes an optimal prediction 
algorithm of PV system by using least square methods of linear regression analysis. And also, this 
paper presents a performance evaluation algorithm in PV modules based on the proposed optimal 
prediction algorithm of PV system. The simulation results show that the proposed algorithm is a 
practical tool of the state diagnosis for performance improvement in PV systems. 
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1. Introduction 
 
The renewable energy sources such as wind power 

generation and photovoltaic (PV) system are being 
energetically interconnected with distribution system with 
the worldwide support of each government, as one of the 
solution to the energy and environment issues. And also, it 
has been actively promoted to expand the proportion of 
renewable energy up to 11% of total energy by 2030 under 
the green growth policy of Korea government. However, 
it is reported that the operation efficiency of PV system is 
getting decreased in a severe manner year by year with the 
aging phenomenon and maintenance problems. Therefore 
the optimal algorithm of output prediction and state 
diagnosis of PV system is getting required in order to 
improve operation performance of PV system. [1-4] But 
the conventional output prediction algorithms such as 
AMPP (Approximate maximum power point), FFv 
(Variable fill factor with constant series resistance) and 
Osterwald’s, which should consider various parameters and 
several conditions of PV system, may have complicated 
computation procedure and then their results may have 
possibility of large prediction error. Further, existing state 
diagnosis systems are difficult to find abnormal state of 
PV modules like aging and damage because it has 
simple monitoring system by only measuring output data 
of inverter of PV system. [5, 6]  

Under these backgrounds, this paper proposes an optimal 

prediction algorithm of PV system by using least square 
methods of linear regression analysis in order to reduce 
the prediction error and avoid complicated computation 
process. And also, this paper presents a performance 
evaluation algorithm using the proposed prediction algorithm 
of PV system and then implements the performance 
improvement system based on the monitoring system of 
each PV modules. From the simulation results, it is clear 
that the proposed algorithms are useful method of the state 
diagnosis for performance improvement in PV systems. 
[7-9] 

 
 

2. Degradation Characteristic of PV System 
 
Existing state diagnosis systems are difficult to find 

abnormal state of PV modules such as aging and damage 
because it has simple monitoring system only measuring 
output data of inverter of PV system and monitoring PV 
module by web camera as shown in Fig. 1.  

Although life span of PV modules may be more than 20 
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Fig. 1. Existing monitoring systems
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years, the degradation of performance due to the aging 
phenomena in PV modules with the exposal to the outdoor 
environment has caused the huge power loss and decreased 
the total efficiency of PV system. The aging test results 
of 50kW class PV system are performed by Korea Electric 
Power Research Institute (KEPRI) as shown in Fig. 2 and 
Table 1. From the report, there is around 34% of cumulative 
power loss during 11 years after initial installation of the 
PV module. Namely, it is about 3.7% of cumulative power 
loss every year. [10, 11] 

 
 

3. Performance Evaluation algorithm of PV 
System 

 
3.1 Conventional prediction method of output power 

 
Many kinds of conventional output prediction methods 

of PV module such as AMPP, FFv, and Osterwald’s have 
been developed. AMPP algorithm among these method, 
considering short circuit current ( scI ) and open circuit 
voltage ( ocV ) based on the standard test conditions (STC) 
and the solar radiation amount as shown in Eq. (1) and 
Eq. (2) has been widely used in the prediction method. 
And also, the maximum current ( MI ) and the maximum 
voltage ( MV ) of Eq. (5) and Eq. (6) can be calculated by 
relationship between short circuit current and open circuit 
voltage of Eq. (1) and Eq. (2) and the coefficient equation 
of Eq. (3) and Eq. (4). Finally, the output prediction of 
AMPP algorithm can be obtained as shown in Eq. (7). 
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where, Gi is solar radiation measured, *
iG  is solar 

radiation at STC, *
scI  is short circuit current at STC, *

ocV  
is open circuit voltage at STC, β  is voltage factor by 
temperature condition, Tc is back sheet temperature of PV 
module, voc is normalized open circuit voltage and sr  is 
series internal resistance.  

 
3.2 New prediction algorithm of output power 

 
As mentioned earlier, the conventional output prediction 

algorithms which should deal with various parameters of 
PV modules and weather conditions may have complicated 
process and then their prediction results may have possibility 
of large computation error. To overcome these problems, 
this paper proposes the idea of relationship between output 
characteristic of PV modules and weather conditions based 
on the measured data of real PV site. [12] Furthermore, this 
paper proposes optimal prediction algorithm of PV system 
by using least square methods of linear regression analysis 
in order to avoid complex computation procedure and reduce 
the prediction error. 

 
3.2.1 Operation characteristics of PV system  

 
The relationship between the output of PV modules and 

weather conditions such as temperature and solar radiation 
can be analyzed as shown in Fig. 3 and Fig. 4, which 
show the distribution characteristics measured at every 15 
minutes during one month (April, 2013) in real PV site 
of Korea Conformity Laboratories system. It is clear that 
Fig. 3 shows very weak relationship between output of 
PV modules and temperature, but Fig. 4 shows strong 
relationship between output of PV modules and solar 
radiation. Therefore this paper will concentrate on the latter 

Table 1. Cumulative power loss with aging (unit : %) 

Annual 1 2 3 4 5 6 7 8 9 10 11 Cumulative loss 
Remains 96.3 92.7 89.3 86.0 82.8 79.7 76.8 73.9 71.2 68.5 66.0 - 

Loss 3.7 7.3 107 14.0 17.2 20.3 23.2 26.1 28.8 31.5 34.0 216.8 
 

 
Fig. 2. Aging test result of KEPRI 

 
Fig. 3. Distribution characteristics of output and temperature
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idea, relationship between output of PV module and solar 
radiation characteristics. 

 
3.2.2 Novel prediction algorithm of output power 

 
In order to improve the accuracy of output prediction at 

PV system, a concept of standard temperature conversion 
equation considering coefficient of temperature efficiency 
( γ ) and the temperature measured at time interval of 
t(Tt) is introduced by Eq. (8),  

 

 ( ) ( ) ( )( )*
t t tP P γ T 25= + −   (8) 

 
where, ( )

*
tP  is output of PV module at standard 

temperature (25℃) and P(t) is measured output of PV 
module. 

By combining the distribution characteristics of PV 
module in Fig. 3 and Fig. 4 and the standard temperature 
conversion equation of Eq. (8), output prediction equation 
using the quadratic linear regression method can be 
formulated by  

 
 ( ) ( ) ( ) ( )

* 2
t t t tP X X eα β= + +  (9) 

 
where, X(t) is solar radiation, α  and β  are linear 
coefficients and e(t) is error. 

To solve the linear coefficients of  α , β  in Eq. (9), the 
least square method to minimize error is introduced by 

 

 ( ) ( ) ( ) ( )
* 2 2 2
t t t tS (P αX βX ) e= − − =∑ ∑   (10) 

 
and then, obtaining the derivatives for α , β ,  
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Solving the equation for α  and β  in Eq. (9) cannot 

provide a linear equation. Therefore, the least square 
method is introduced in order to find out linear coefficients 
of α  and β , it can be obtained as follows.  
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3.3 Performance evaluation algorithm of PV system 

 
Based on the proposed output prediction algorithm of 

PV system as mentioned earlier, the performance evaluation 
procedure of PV modules can be expressed as shown in Fig. 
5. Firstly, the output prediction value ( pP ) of PV module is 
calculated by using the linear regression analysis method 
like Eq. (9). And then, the criteria value ( sP ) of abnormal 
state for PV modules is defined as 0.8pu of the prediction 
value ( pP ), which is derived from the experience value 
of abnormal PV modules. In next process, the measured 
output of thn  PV module ( ( )nP ) is compared with the 
criteria value ( sP ) in order to evaluate the state of PV 
modules. If ( )nP  is bigger than sP , thn  PV module is 
evaluated as normal state. However, if ( )nP  is smaller 
than Ps, thn  PV module is evaluated as temporarily 
abnormal state and also the iteration value ( ( )nEc ) is 
getting increased. By repeating the process at each time 
interval, the PV modules are evaluated as abnormal state if 
the accumulated iteration values exceed the reference 
setting value ( cS ), which is decided by the weather 
conditions like shading of cloud.  

 
 
4. Implementation of Performance Evaluation 

System for PV System 
 

4.1 Configuration of performance evaluation system 
 
In order to evaluate state of module in PV system, the 

performance evaluation system for PV system is 

 

Fig. 4. Distribution characteristics of output and solar 
radiation 

Output of modules 

YES(Normal state)
=0

Fig. 5. Performance evaluation algorithm of PV modules
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implemented by the proposed method as shown in Fig. 6. 
Firstly, the data which was measured from sensor at PV 
module including voltage, current, temperature and radiation 
is transmitted to data-logger using the communication 
device. And then, transmitted data are stored at specified 
table of database server which is divided by each date type 
like voltage, current, temperature and radiation. Based on 
the stored date at table of database, output prediction of 
PV system and performance evaluation of PV module is 
analyzed by performance evaluation system for PV system 
which adopts the proposed method. Additionally, state 
diagnosis evaluation system can offer various function 
such as alert, trend analysis, event and report writing. 

 
4.2 Database design 

 
In order to carry out performance evaluation of PV 

modules, the stored data in database through the data-
logger are categorized into operation and maintenance 
data as demonstrated in Table 2. The former includes 
surrounding climate data, power conditioning system 
data and PV module data and the latter is malfunction 
information data, output prediction data and temporary 
storage data.  

Based on the proposed algorithm mentioned earlier, this 
paper has implemented performance evaluation system for 
PV system using the Autobase software. And also, in order 
to provide various functions to operator, it is designed to 
carry out state diagnosis of PV modules by using data 
transferred in remote PV sites and to store evaluation 
results of state diagnosis at database. The normal moni-
toring and control menu of performance evaluation system 
is designed for operator to easily access the operation and 
maintenance information as shown in Fig. 7. 

 
Table 2. Table item of database 

 Table item Usage(Save and Analysis) 
environment 

inverter Operation 
data 

modules 

Collected environment information 
inverter information data modules data

Maintenance 
data 

predict  
output 

Predict values of PV modules 
temporary data of abnormal modules 
information of abnormal modules 

 
Fig. 7. Monitoring function of state diagnosis system 

 

 
Fig. 8. Warning function for abnormal state 

 
Furthermore, abnormal menu as shown in Fig. 8 is 

designed to promptly find out abnormal PV modules by 
adapting pop-up function like red warning light and 
warning window, at array configuration of PV system.  

 
 

5. Case studies 
 

5.1 Output prediction analysis 
 
Table 3 shows the measurement data of 250W PV 

module installed in Korea Conformity Laboratories during 
one month on April, 2013. “Where, MAXP  is maximum 
power of PV module, Vmp is voltage of maximum power 
point, Imp is current of maximum power point, FF is fill 
factor, Solar45 is vertical solar radiation and Solar00 is 
horizontal solar radiation”. By using Table 3, the comparison 
results between the proposed output prediction algorithm 
and the conventional output prediction algorithms are shown 
in Table 4 and Fig. 9. It is clear that the conventional 
output prediction algorithms such as FFv, Osterwald’s and 
AMPP considering various parameters of PV modules 
and weather conditions have big prediction error of 9.5% 
to 27.08%, however the proposed method (LRM: liner 
regression method) considering the relationship between 
the recent solar radiation and output of PV modules only 
has small prediction error of 2.3%. Where, error rate is 
obtained by comparing real measurement data with each 

Fig. 6. Performance evaluation system of PV system 
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calculated prediction data. Therefore, it is confirmed that 
the proposed method has an excellent performance for 
output prediction of PV system. 

 
5.2. Performance evaluation algorithm analysis 

 
By using the proposed method, this paper performed the 

simulation for the 12.5kW PV system located at Korea 
University of Technology and Education, which has a total 
of 50 modules and consists of 5 strings with 10 modules. It 
is assumed that Table 5 shows potential abnormal modules 
at each time interval, meaning that the measured output of 

PV module is less than criteria value as shown in Fig 5. 
Therefore, if a PV module is potential abnormal module in 
series three times, it is finally evaluated as an abnormal 
module. For example, [1-3] module can be evaluated as 
abnormal module because it is potential abnormal module 
from first time interval to third time interval consecutively, 
but [1-5] module is not abnormal module because it is 
potential abnormal module from first time interval to 
second time interval.  

The state diagnosis system implemented by the proposed 
method as shown in Fig 10, can successfully find out the 
five abnormal PV modules of [1-3], [2-5], [3-8], [4-6] and 

Table 3. Measured data of PV module 

Date Time OCV (V)  SCI (A) MAXP (W) mpV (V) mpI (A) FF(%) Temp(℃) Solar45(W/㎡) Solar00(W/㎡)
09:48:02 35.44 0.97 29.19 30.48 0.96 85.69 7.2 77 106 
10:48:02 35.83 1.46 41.89 30.63 1.37 79.95 8.4 118 141 
11:48:02 36.38 2.19 63.77 30.74 2.07 80.19 7.9 173 224 
12:48:02 35.99 1.22 36.81 30.59 1.20 83.60 6.5 97 123 
13:48:02 36.19 1.65 48.23 30.94 1.56 80.68 7.6 136 159 
14:48:02 36.11 1.55 46.81 30.87 1.51 83.64 8.8 119 179 
15:48:02 37.45 5.21 159.45 30.33 5.26 81.62 10.8 486 530 

2013-04-02 

16:48:02 35.13 0.80 22.43 29.86 0.75 79.44 8.5 63 79 
 

Table 4. Comparison results of prediction algorithm 

Date Time(hh-mm-ss) Power(W) Temp(℃) Insolation(W/㎡) AMPP(W) FFv(W) Oster(W) L.R.M(W) 
09:48:02 29.19 7.2 77 25.83 22.50 27.35 38.23 
10:48:02 41.89 8.4 118 39.13 34.48 31.60 44.14 
11:48:02 63.77 7.9 173 57.64 50.55 46.43 64.09 
12:48:02 36.82 6.5 97 32.76 28.34 26.18 36.37 
13:48:02 48.23 7.6 136 45.44 39.73 36.54 50.73 
14:48:02 46.81 8.8 119 39.31 34.77 31.82 44.51 
15:48:02 159.45 10.8 486 157.66 14204 128.92 166.06 

2013-04-
02 

16:48 22.43 8.5 63 20.87 18.41 16.87 23.59 
Error rate 9.50% 20.58% 27.08% 2.27% 

 

(a) AMPP (c) Osterwald 

(b) FFv (d) Proposed method (liner regression method) 

Fig. 9. Error characteristic of each prediction algorithm 
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[5-4], which is bigger than counting number (3 iterations), 
and also show abnormal information to the operator with 
a pop-up alert menu. And also, the abnormal state module 
can be stored at the table in database server as shown in 
Fig. 11. Therefore, it is clear that the proposed method is 
a useful tool of the state diagnosis for performance 
improvement in PV systems. 

 
 

6. Conclusions  
 
This paper has proposed the optimal output prediction 

algorithm of PV system by using least square methods of 
linear regression analysis, and the performance evaluation 
algorithm of PV modules based on the proposed optimal 
prediction algorithm of PV system. The main results are 
summarized as follows. 

(1) It is clear that the conventional output prediction 
algorithms such as FFv, Osterwald’s and AMPP 
considering various parameters of PV modules and 
weather conditions have big prediction error of 9.5% 
to 27.08%, however the proposed method considering 
the relationship between the recent solar radiation and 
output of PV modules only has small prediction error 
of 2.3%. Therefore, it is confirmed that the proposed 
method has an excellent performance for output 

prediction of PV module.  
(2) From the simulation result of the performance evaluation 

system, the proposed method can successfully find out 
the abnormal PV modules, and also show abnormal 
information to the operator with a pop-up alert menu. 
Therefore, it is clear that the proposed method is a 
useful tool of the state diagnosis for performance 
improvement in PV systems. 

 
 

Acknowledgements 
 
This work was supported by the Power Generation & 

Electricity Delivery Core Technology Program of the 
Korea Institute of Energy Technology Evaluation and 
Planning (KETEP) granted financial resource from the 
Ministry of Trade, Industry & Energy, Republic of Korea 
(No. 20131020400720) 

 
 

References 
 

[1]  A. Molki, “Dust affects solar cell efficiency,” Physics 
Education, vol. 45, pp. 456-458, 2010. 

[2]  A.R. Gxasheka, “Evaluation of performance para-
meters of PV modules deployed outdoors,” Renewable 
Energy, vol. 30, pp. 611-620. 

[3]  E.D. Dunlop, “Lifetime performance of crystalline 
silicon PV module,” 3rd World conference on photo-
voltaic energy conversion, pp. 2927-2930, 2003. 

[4]  E.L Meyer and E. Ernest van Dyk, “Assessing the 
Reliability and Degradation of Photovoltaic Module 
Performance Parameters,” IEEE TRAN-SACTIONS 
ON RELIABILITY, 2004. 

[5]  J.G. Araujo and E. Sanchez, “A new method for 
experimental determination of the series resistance of 
a solar cell,” Electron Devices, IEEE Transactions on, 
vol. 29, no. 10, pp. 1511-1513, 1982. 

[6]  K.A. Emery and C.R. Osterwald, “Solar Cell Effi-
ciency Measurements,” Solar Cells, vol. 17, pp. 253-
374, 1986. 

[7] C. Kao and C.-L. Chyu, “Least-squares estimate in 
fuzzy regression analysis,” European Journal of 
Operational Research, vol. 148, no. 2, pp. 426-435, 
2003. 

[8] E. Koutroulis and K. Kalaitzakis, “Development of 
an integrated data acquisition system for renewable 
energy sources systems monitoring,” Renewable 
Energy, vol. 28, no. 1, pp.139-152, January 2003. 

[9] N. Forero, J. Hernandez, and G. Gordillo, “Develop-
ment of a monitoring system for a PV solar plant,” 
Energy Conversion and Management, vol. 47, no. 15-
16, pp. 2329-2336, September 2006. 

[10] “Result for Aging test of 50kW PV system, KEPCO 
Research Institute, 2011. 

[11] http://www.s-energy.com/fcdata/product/ SM-255 PC8 

Table 5. Potential abnormal PV modules 

Time interval Potential Abnormal modules 
1st [1-3], [1-4], [2-5], [3-2], [3-9]. [4-6], [5-4] 
2nd [1-3], [1-5], [2-5], [3-2], [3-8]. [4-6], [5-4] 
3rd [1-3], [1-5], [2-5], [2-6], [3-8]. [4-6], [5-4] 
4th [1-1], [1-2], [2-5], [3-2], [3-8]. [5-0], [5-4] 

*[a-b] : a is string number and b is module number 
 

 
Fig. 10. Menu of performance evaluation system 

 

Fig. 11. Abnormal information in database 



A Study on the Evaluation Algorithm for Performance Improvement in PV Modules 

 1362 │ J Electr Eng Technol.2015; 10(3): 1356-1362 

[12] Daeseok Rho and Byeongi Kim, “A Study on the 
Optimal Algorithm for State Diagnosis of PV 
System”, ICEE2014, Jeju, Korea 

[13] Daeseok Rho and Byeongi Kim, “Optimal Voltage 
Regulation Method for Distribution Systems with 
Distributed Generation Systems Using the Artificial 
Neural Networks”, JEET, Vol. 8, No. 5, 2013 

[14] Yoonseok Ko, “A Study on the Agent (Protective 
Device)-based Fault Determination, Separation”, 
JEET, Vol. 10, No. 1, 2015 

 
 
 

Byung-Ki Kim He received the B.S. 
degree and M.S. degree in KOREA-
TECH, Cheon-An, South Korea, in 
2008 and 2012. And he is currently 
pursuing the Ph.D. degree at KOREA-
TECH, Cheon-An, South Korea. He is 
interested in renewable energy resources 
and new power distribution systems. 

 
 

Sung-sik Choi He received the B.S. 
degree and M.S. degree in KOREA-
TECH, Cheon-An, South Korea, in 
2010 and 2014. And he is currently 
pursuing the Ph.D. degree at KOREA-
TECH, Cheon-An, South Korea. He is 
interested in renewable energy resources.  
 

 
Jong-Yong Wang He received the B.S. 
degree in Electrical Engineering from 
Korea University of Technology and 
Education, Cheon-An, South Korea, in 
2012. And he is currently pursuing the 
M.S degree at KUT, Cheon-An, South 
Korea. He is interested in power 
distribution system 

 
 

Seung-Taek Oh He received the B.S. 
degree in KOREATECH, Cheon-An, 
South Korea, in 2013. And he is 
currently pursuing the M.S degree at 
KOREATECH, Cheon-An, South Korea. 
He is interested in renewable energy 
resources.  
 

Dae-Seok Rho He received the B.S. 
degree and M.S. degree in Electrical 
Engineering from Korea University, 
Seoul, South Korea, in 1985 and 1987, 
respectively. He earned a Ph.D. degree 
in Electrical Engineering from Hok-
kaido University, Sapporo, Japan in 
1997. He has been working as a pro-

fessor at Korea University of Technology and Education 
since 1999. His research interests include operation of 
power distribution systems, dispersed storage and generation 
systems and power quality. 

 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. 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 best suited for high-quality prepress printing.  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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


