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Abstract – In this work is proposed a hybrid structure to simulate thermal behaviors of pools. The structure uses neural 
representation to model the climatic data and parametric estimation to determine the variation in volume due the human 
activity. The new structure allows adapting the theoretical dynamic models, with variations over time for specific regional 
weather conditions. As a case of study, data of state of Minas Gerais (MG) – Brazil were used. 
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Resumo – Neste trabalho é proposta uma estrutura híbrida para simular o comportamento térmico de piscinas. A estrutura 
utiliza representação neural para modelar dados climáticos e estimação paramétrica para determinar a variação do volume 
causada pela atividade humana. A estrutura permite adaptar modelos teóricos dinâmicos para variações no tempo para regiões 
com condições climáticas específicas. Como estudo de caso foram utilizados dados do estado de Minas Gerais (MG) – Brasil. 
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1. Introduction 
With the reduction of watersheds and with the population growth, it is observed that conventional 

systems to generate energy may not be to meet future world demand. The study of the use of new forms 
of alternative energy, the development of mathematical models and simulation of structures, for the 
systems that use them, allows better use of these resources in urban and rural areas. 

In this work, a system based on renewable solar energy is considered. The system operates with 
the heating and cooling pool through directly solar energy. It proposed a structure that allows a model 
thermal of swimming pool is used to simulate their dynamic behavior in different locations and different 
climatic conditions. The proposed simulation structure consists in an hybrid adaptation of a model that 
combines a system dynamic model, neural networks and parametric estimation. Neural models are 
constructed to represent climate data and the parametric estimation is used to obtain the pool volume and, 
consequently, the impact of human activity. 

Human activity is a factor that directly influences the thermodynamic behavior of pools and, 
therefore, must be considered. In this work, changes of volume are estimate in order to track losses due to 
human activity. The volume is indirectly determined by parametric estimation of the model of pool 
through the method of the random-walk least squares. 

In the proposed simulation structure, a neural representation for the climate system, that allows 
map geographically distinct regions (for the state Minas Gerais located in Brazil) will be presented. The 
estimation of the volume parameter will be determined indirectly from a parametric estimation model. 
With this objective, a simulation structure based on equation of differences was developed to simulate 
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and estimate the parameters of the process. This structure allows simulate different environmental 
conditions, different location and different size of swimming pools. 

In section II, the thermal model for pool is discussed. In section III, the hybrid structure, which 
incorporates the dynamic model, ANN and parametric estimation will be presented. In section IV, the 
procedures to represent the climate system through neural networks will be discussed. In section V, the 
structure for parameter estimation will presented; and in section VI, results of simulations are shown. 
Finally the conclusions of this work are presented. 

 
2. Thermal Model of Pool 

In literature various mathematical models have been proposed to describe the dynamic behavior of 
thermal pools [1-12]. 

Almanza and Lara [1] proposed a model for calculating the energy needed to maintain constant the 
temperature of the pool. Croy and Peuser [2] studied various sources of energy (solar, oil and gas) to heat 
swimming pools and found that the use of solar energy is attractive and presents a competitive cost. 

The calculations of solar radiation and insolation which affects the thermal behavior of pools were 
studied by Elmina, Areed and Elsayed [3] and Melliti [6] respectively. Both studies used ANN to model 
the solar radiation and insolation, showing satisfactory results. 

Haafa, Luboschik and Tesche [4] described a model of pool that was validated with data collected 
over three years. Molineaux, Lachal and Guisan [7,8] also developed a model of pool that use as source of 
heating the solar energy. Hahne [5] proposed a model of pool where can observe that the evaporation is 
the factor that most influences the energy loss of the swimming pools. 

As analyzed by Hahne, Sartori [9] also examines the energy loses of pools through evaporation. 
Smith, Jones and Löf [10], also identified that evaporation is the main cause of energy loses of pools. 
Some of these models can be simulated using the software RETSCREEN [11]. But for simulations in 
other regions of different climatic conditions, for which the models were not developed, the models may 
not be adequate. In this study, the structure of simulation proposed allows simulate different weather 
typical conditions of the state MG-Brazil. This is possible because the neural representations, which 
adjust a mathematical model to climate, was used to map the climate with data collected from the regions 
concerned. The procedures adopted for obtain the neural representation to the climate in the state of MG 
can be applied and extended to other regions and countries. 

The model proposed by Govaer e Zarmi [12], which determines the variation of temperature of the 
pool due to climatic parameters, such as ambient temperature and solar radiation, was selected to 
compose the hybrid structure of simulation. The temperature of the pool is the monitored parameter to 
examine the influence of climatic conditions and human activity. 

The equation that describes the thermal model of pool is given by: 
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Where: 

pA : pool of area ( 2m ); sA : area of soil ( 2m ); c : constant of loses of heat by evaporation ( kPaC /° ); 

pC : specific heat of water ( kgKKJ / ); I : annual change in insolation ( 2/ mW ); aP : vapor pressure of water 
(kPa); wP : saturation vapor pressure of the water in air temperature ( kPa ); R : radiation ( 2/ mW ); T : 
temperature of pool ( C° ); sT : temperature of soil ( C° ); aT : variation annual of ambient temperature 
( C° ); cU : coefficient of convective heat loss ( CmW °2/ ); rU : coefficient of heat loss by radiation 
( CmW °2/ ); sU : coefficient of heat loss by contact with the ground ( CmW °2/ ); V : volume of pool 

( 3m ); )(τα : product of the transmittance and absorption; ε : emissivity; ρρ : density of water; 
Let Consider: 
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It is possible obtain: 
 

dt
dTFEDTTCTTBAI tsttatt +++−+−= )()( )()()()()(  

(2)

 
Therefore, the representation of the model can be given by: 
 

)()()( tt UTCB
dt
dTF +++

 
(3)

 
Where: 
 

)()()()( ttstat AIEDCTBTU −++−−=  (4)
 
The pool's volume can be calculated using parameters FCB /)( +  or F/1 . The value 1162.6388 is 

used to convert units of the model. The Equations (3) and (4) will be used at the section V, to estimate the 
pools volume front of human activity. 
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To calculate the solar radiation (R) is necessary to determine the temperature of the sky ( skyT ). The 

terms for calculating the temperature of the sky and the solar radiation were proposed in [17] and [18] 
respectively. dwT  is the temperature of dew point. The terms are shown below: 
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T
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The equation proposed by Govaer and Zarmi, to calculate the ambient temperature was modified 

in this work, in order to represent the hourly variation in temperature. Eq (9): 
 

)03.224/**2sen(*max −+= hkTTT aa π  (9)
 
3. Hybrid Structure of Simulation Proposed 

The structure of simulation that adjusts the theoretical model of swimming pools to operate in 
specific climatic conditions is shown in Fig. 1. It may be noted that the resulting structure incorporates the 
physical model, the neural representation of climate data in the region considered and estimation of 
parameters of the process. As a case study, were considered climate data of the state of Minas Gerais - 
Brazil. 
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Figure 1 – Hybrid structure adaptation of the models of thermal pool 

 
As can be seen in Fig. 1, the neural representation provides data from the relative humidity (RH), 

ambient temperature, maximum ambient temperature (Ta) and dew point temperature (Tdw) of the 
physical model of pool, which, in turn, provides the water temperature 

)(tT  of the pool and provides to the 
parameters estimator the value of entry 

)(tU . From the module of estimation, the volume V is extracted 
through the equations (5) e (6). 
 
4. Artificial Neural Networks 

Artificial neural networks are parallel and distributed systems [13] that are able to adjust a 
mathematical function to represent a physical process. Through examples, the ANN is capable to learn 
and generalize the information of a system which it was trained and adjusted. 

According to Hecht-Nielsen in [14] there is always a continue and differentiable function, for any 
neural representation of three layers, able to represent it, where the layer of entry has n neurons, the 
hidden layer 2n +1 and m for the layer of output, that corresponds to the number of exits. These 
comments were considered in this work. 

The following procedure was adopted to normalize the input data: 
a) In order to improve convergence of the ANN training process, the normalization interval [0, 1] 

was reduced to [0.2, 0.8], because in the log-sigmod function the values [0, 1] are not reached: f→ 0 for 
net→ -∞ and f→ 1 for net→ +∞. Moreover, this can give to ANN an extrapolation capacity. As the 
logarithmic scale compacts large data values more than smaller values, when the neural network contains 
nodes with log-sigmoidal activation function (considered in this work), better results can be achieved if 
the data are normalized within the interval [0.2, 0.8], [15,16]; 

b) The data was normalized through the following formula:  
 

)min - Lmax) / (Lmin (Lo - LLn (Lo)af ==  10a

min - Ln) * L ( max Ln * LLo (Ln)bf 1+==  10b
 
where Ln is the normalized value, Lo is the value to normalize, Lmin and Lmax are minimum and 

maximum variable values, respectively. 
c) Lmin and Lmax were computed as follows: 
 
Lmin = (4 x LimiteInf. - LimiteSup) / 3 11a
Lmax = (LimiteInf. – 0.8 x Lmin) / 0.2 11b
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The Eqs. (11a) and (11b) are obtained substituting in the Eq. (10a) Ln = 0.2 and Lo = LimiteInf; 
and Ln = 0.8 and Lo = LimiteSup. Where LimiteInf and LimiteSup are the minimum and maximum values 
of the original data sets respectively. 

In this work the algorithm used training was Levenberg-Marquardt, due to a rapid convergence. 
4.1 Neural representation of climate data 
Four neural models were built. One to represent the relative humidity (RH), another for ambient 

temperature ( aT ), the third one for maximum temperature ( maxT ) and the fourth to map the temperature of 
the dew point ( dwT ): 

 
),,( altitudelongitudelatitudefRH ANN=  
),,( altitudelongitudelatitudefT ANNa =  
),,(max altitudelongitudelatitudefT ANN=  

),,,( aANNdw TaltitudelongitudelatitudefT =  
 
It is consider acceptable a error of ±1ºC for Ta, Tmax and Tdw and ±5% for RH. Was observed 

during experiments that errors in these proportions cause little impact on the system of a thermal pool. 
The representations were considered climate data measured during 10 years. The training set was 

conducted with the average monthly information of relative humidity, ambient temperature, maximum 
ambient temperature and the dew point temperature of twenty-five cities in the state of Minas Gerais and 
validated with three cities that were not considered in the training. The results of training and validation 
are presented below: 

 
Table 1 – Error obtained during the process of training and validation 

AVE Trein AVE Val STD-DV 
Trein 

STD-DV Val 

Ta 0.0790 0.1339 0.0642 0.0516 
Tmax 0.0085 0.3220 0.0082 0.2621 
Tdw 0.0156 0.4200 0.0233 0.4691 
RH 0.0910 1.5674 0.0758 1.1413 

 
In Table I it is possible to see a satisfactory neural representation of climate data. The parameter 

aT , for example, presented average error of 0.1339 ºC for the validation. The parameters maxT , dwT  and RH 
obtained, respectively, 0.32ºC, 0.42ºC e 1.5674%. 

The validation of neural representation to three cities that were not considered in the training set is 
shown in Tables II to V. As can be seen in the results of the validation of neural networks aT , maxT , dwT  
and RH, the neural networks had an average error satisfactory to the problem addressed in this work. 

 
Table 2 – Results of validation for aT  

 Ta Ta ANN Error 
Belo 
Horizonte 

24.31 24.12 0.19 

Formoso 24.29 24.40 0.11 
Frutal 25.52 25.62 0.09 

 
Table 3 – Results of validation for 

maxT  

 Tmax Tmax ANN Error 
Belo 
Horizonte 

29.69 29.09 0.60 

Formoso 31.58 31.51 0.07 
Frutal 31.26 31.66 0.30 
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Table 4 – Results of validation for 
dwT  

 Tdw Tdw ANN Error 
Belo 
Horizonte 

18.20 18.32 0.11 

Formoso 18.68 17.72 0.96 
Frutal 21.42 21.61 0.18 

 
Table 5 – Result of validation for RH 

 RH RH ANN Error 
Belo 
Horizonte 

68.56 71.44 2.88 

Formoso 69.57 70.50 0.93 
Frutal 75.74 76.62 0.88 

 
From Tables II to V, it is possible to observe that the error in all cases was below of the limits for 

each parameter, i.e., neural models are able to represent climatic data in a satisfactory form. In many 
cases, the values obtained through these models were very close to the original data, which shows the 
good performance of the representations.  
 
5. Parametric Estimation 

In this work the method of the least squares random-walk to determine the variation of volume in 
the pool due to human activity was considered. 

As the algorithms of estimation of parameters are usually implemented in computer, it is required 
a representation of the theoretical model in equations of differences. Thus, the equation (3) was rewritten 
in order to meet this requirement: 

 
)(1)(1)1( ttk UbTaT −=+
 (12)

 
The real values of the parameters that will be estimated are given by FCBa /)(1 +=  e Fb /11 = . 
The method of estimation considered applies to systems that can be represented in the form ϕθ=y , 

where θ  represents the parameters to be estimated. This representation is given by the expression below: 
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The algorithm of estimation is given by the expressions [13-15]: 
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Where P is the covariance matrix, Q is a characteristic matrix of adjustment of the random-walk 

technique and I is a diagonal matrix with the value of 710  or more. 
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6. Simulations and Analysis of the Results 
There were proposed two simulations ranging (reducing) the volume to represent human activity. 

One follows the type ramp variation and the other the type exponential variation. The functions that 
represent these variations are given, respectively, by equations (16,17), where v is the volume in instant t: 
 

⎪
⎩

⎪
⎨

⎧

>
≤<+−

≤<
=

672
672168266.10015873.0

1680
)(

tv
tvvt

tv
vf  

(16)

⎪
⎩

⎪
⎨

⎧

>
≤<+

≤<

= −−

672
6721682.08.0

1680
)( )100/)169((

tv
tvve

tv
vf t

 
(17)

 
In Fig. 2 and Fig. 3, the data variations of the temperature of the pool during January when the 

volume varies according to functions (16) and (17), respectively are presented. These two simulations 
were conducted for the city of Belo Horizonte / MG (-19.93 latitude, longitude, altitude -43.94 and 
850m). 

It may be noted that the temperature of the pool varies stronger in Fig. 3. This is because the fall in 
volume is more aggressive and, as the volume is related directly with the reaction time of the system (the 
smaller the volume faster the temperature will vary). But, it can be seen that the final value of temperature 
is the same and this is consistent since the final volume is also the same. 

In Fig. 4 and Fig. 5, are shown real values of volume and the estimated values. 
The estimation of the volume from the parameter a using the equations (16) and (17) is 

represented, respectively, in Fig. 4 and Fig. 5. As can be seen, in both cases, the estimated volume was 
very close to reality. Therefore, the result that was obtained was considered satisfactory. 

 

 

(oC) 

 
 Time (hours) 

Figure 2 – Variation of the temperature of the pool over a month with a volume-type ramp 
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(oC) 

 
 Time (hours) 

Figure 3 – Variation of the temperature of the pool over a month with a volume-type exponential 
 

 

(m3) 

 Time (hours) 
Figure 4 – Variation and estimation of volume-type ramp obtained by parameter a over a month 

 

 

(m3) 

Time (hours) 
Figure 5 – Variation and estimation of volume exponential type obtained by parameter during a month 

 
The change in volume can be also estimated by the parameter b. However, the values of b have 

very low scale and the mistakes of estimating the volume became more evident, indicating that a is the 
best parameter for estimating the volume of the pool. 

In Fig. 6 the change of the temperature of the pool - band of smaller magnitude - against the 
change of temperature for the period January- June is shown. It is possible to see that there is, as 
expected, a direct relationship between both of them. 
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(oC) 

 Time (hours) 
Figure 6 – Variation in the temperature of the pool against variation in ambient temperature without variation in volume 

 

7. Conclusions 
In this work a structure of simulation that combines theoretical model of pool, artificial neural 

networks and parametric estimation was presented. The structure allowed adapting the theoretical model 
to operates in regions with specific weather conditions. 

The neural representation of climate data presented results highly satisfactory when they were 
validated for MG-regions in Brazil. For reasons of space these results were not presented in this work. 

The parametric estimation permitted to follow the change in the volume of the pool against human 
activity. This condition has been incorporated into the simulation through generic mathematical functions. 
In future works we expect to shape this human behavior through intelligent agents. It can be observed in 
simulations using the hybrid structure proposed in this paper that the results were satisfactory. 
 

Acknowledgment: This work has its relevance in line with the objectives of encouraging the use of solar 
energy systems as an alternative source in Brazil and has received financial support from FINEP and 
CNPq - Brazil. 
 

References: 
 

[1] R. Almanza e J. Lara. Energy requirements for a swinmming pool through a water-atmosphere energy 
balance. Solar Energy, 53(1994), 37-39. 

[2] R. Croy e F. Peuser. Experience with solar systems for heating swimming polls in germany. Solar Energy, 
53(1994)47-52. 

[3] H. Elminir, F. Areed e T. Elsayed. Estimation of solar radiation components incident on Helwan site using 
neural networks. Solar Energy, 79(2005), 270-279. 

[4] W. Haaf, U. Luboschik e B. Tesche. Solar swimming pool heating: description of a validated model. Solar 
Energy, 53(1994)41-46. 

[5] E. Hahne e R. Kübler. Monitoring and simulation of the thermal performance of solar heated outdoor 
swimming pools. Solar Energy, 53(1994), 9-19. 

[6] A. Mellit, et al. A simplified model for generating sequences of global solar radiation data for isolated sites: 
using artificial neural network and a library of Markov transition matrices approach. Solar Energy, 79(2005), 
469-482. 

[7] B. Molineaux, B. Lachal e O. Guisan. Thermal analysis of five outdoor swimming pools heated by unglazed 
solar collectors. Solar Energy, 53(1994), 21-26. 

[8] B. Molineaux, B. Lachal e O. Guisan. Thermal analysis of five unglazed solar collector systems for the heating 
of outdoor swimming pools. Solar Energy, 53(1994), 27-32. 

[9] E. Sartori. A critical review on equations employed for the calculation of the evaporation rate from free water 
surfaces. Solar Energy, 68(2000), 77-89. 



 10

[10] C. Smith, G. Löf e R. Jones. Measurement and Analysis of Evaporation from an Inactive Outdoor Swimming 
Pool. Solar Energy, 53(1994), 3-7. 

[11] Retscreen international: www.retscreen.net, 2005. 
[12] D. Govaer e Y. Zarmi. Analytical Evaluation of Direct Solar Heating of Swimming Pools. Solar Energy, 

27(1981), 529-533. 
[13] S. Haykin. Redes neurais: princípios e prática. 2a ed. Porto Alegre: Bookman, 2001. 
[14] Z. Kovács. Redes Neurais Artificiais: Fundamentos e aplicações. 1a ed. São Paulo: Collegium Cognitivo, 

1996. 
[15] H. Altincay e M. Demirekler. Why does output Normalization create problems in multiple classifier systems?. 

In Proc. ICPR, (2002), 775-778. 
[16] A. Tarca e J. Cooke. A robust neural network approach for spatial and intensity-dependent normalization of 

cDNA microarray data. Bioinformatics, 21(2005), 2674-2683. 
[17] J. Duffie e W. Beckman. Solar Engineering of Thermal Processes. Wiley, 3ª ed., 2006. 
[18] Ashrae. Applications Handbook (SI) – Service Water Heating, American Society of Heating, 

Refrigerating, and Air-Conditioning Engineers, Inc., 1791 Tullie Circle, N.E., Atlanta, GA, 30329, USA, 
1995. 

 
 



<<
  /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


