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Abstract: With the development of intelligent environments, people have increasing demands for comfortable 
living environments. The three major factors affecting users’ comfort are thermal comfort, visual comfort and 
air quality. This paper presents a monitoring platform of comfort degree for intelligent environments based on 
ZigBee wireless sensor network that measures living environment’s parameters and actively controls 
corresponding equipments according to the information collected and users’ preferences. Wireless sensor 
network system is divided into three layers, the main node layer, function nodes layer and leaf nodes layer, 
respectively. The approach to routing is through a tree topology method. A Mini2440 development board is 
selected as the host computer, which communicates with the main node via serial interface. The monitoring 
platform presented in this paper is flexible, powerful, and scalable, which can be applied to the other monitoring 
fields with minor modifications. Copyright © 2013 IFSA. 
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1. Introduction 

 

People have increasing demands for comfortable 
living environments with the development of 
intelligent environments. ASHRAE indicated that the 
comfort degree is determined by three basic factors: 
thermal comfort (TC), visual Comfort (VC), and 
indoor air quality (IAQ) [1]. The TC is specified by 
PMV (Predictive Mean Vote) [2] index that mainly 
associates with temperature, humidity and air 
velocity, etc. The VC is specified by the level of 
indoor illumination. The IAQ is mainly affected by 
CO2 concentration in the building [3]. Therefore it 
has important significance to build a monitoring 
platform of comfort degree for providing comfortable 
and healthy living environments according to users’ 
preferences. The wireless sensor network synthesizes 

the technologies of micro-electronics, wireless 
communication, sensor and embedded information 
management that monitors the information of 
environments and devices by self-organization 
network and multi-jump modes. ZigBee [4] is a 
standard wireless network protocol for low rate 
control network possessing the advantages of low 
complex, low cost, low consumption and high safety. 
At present, The ZigBee wireless sensor networks 
have been widely applied in the fields of industrial 
control, automotive, consumer electronics and smart 
home, etc. The wireless sensor networks are so 
flexible that the household devices can be moved 
conveniently and can eliminate the trouble of 
arrangement line. In this paper, a monitoring 
platform of comfort degree for intelligent 
environments is developed based on ZigBee wireless 
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sensor networks that measures the environment’s 
parameters (temperature, humidity, wind speed, 
illumination and air quality, etc), and actively 
controls the corresponding equipments according to 
the information collected and users’ preferences. 

 
 

2. Hardware Design of Comfort Degree 
Monitoring Platform 
 

2.1. Architecture of Monitoring Platform 
 

ZigBee is a standard wireless sensor network 
protocol that defines three devices namely 
Coordinator, Router and End-device. Every wireless 
sensor network must have one Coordinator, which is 
responsible for assigning parameters and initializing 
the network that includes selecting a radio frequency 
channel, a unique network ID and the other operation 
parameters. The routers of ZigBee act as the repeater 
of remote devices to extend the network. The End-
devices of ZigBee connected with sensors and 
effectors deal with data acquisition and control. 
Fig. 1 is the architecture of monitoring platform for 
intelligent environments. The wireless sensors 
network acting as the lower computer consists of 
three layers namely host node layer, sub-host node 
layer and leaf node layer with tree route. The 
Coordinator, Router and End device are host node, 
sub-host node and leaf node of the wireless sensors 
network, respectively. The sub-host nodes (also 
known as function nodes) include thermal comfort 
Agent, visual comfort Agent and air quality Agent 
that deal with collecting the information of field 
sensors and controlling the corresponding 
equipments, while they send the information 
collected to the host node and receive the commands 
from the host node. The leaf nodes include sensor 
Agents and device Agents. The ARM9 [5] embedded 
computer acts as the host computer that is the center 
of the whole system, and it is called management 
Agent [6]. 
 
 

 
 

Fig. 1. Architecture of monitoring platform. 

2.2. Design of Wireless Sensor Network 
Nodes 

 
All the nodes in wireless sensor network adopt 

modular design. One wireless sensor network node 
can be divided into two parts of base module and 
expansion module. The base module consists of a 
microprocessor module, a wireless RF (Radio 
Frequency) module and a power module, and its type 
and quantity of composition are fixed. The expansion 
module includes a sensor module, an actuator module 
and a gateway module that can be configured 
arbitrary according to the needs of network nodes. 
The nodes structure of wireless sensor network is 
shown in Fig. 2. 
 
 

 
 

Fig. 2. Nodes structure of wireless sensor network. 
 
 
2.2.1. Base Module 
 

The MCU ATMEGA1281 of ATMEL AVR 
Series is chosen as the microprocessor module that is 
a core part of the wireless sensor node, which has the 
characteristics of advanced RISC architecture, rich 
chip resources, rich peripherals and rich serial 
interfaces (SPI, I2C, UART, etc). It has low-power 
design of sleeping and deep sleeping with μA level, 
so that it can save the power consumption of the 
sensor nodes significantly and decrease the collision 
probability of information reported. After finishing 
data acquisition or control task, the nodes send the 
relevant data to the host node. The AT86RF230 RF 
chip is chosen as the wireless RF module that is 
designed for the low cost ZigBee/IEEE802.15.4 
application. All the critical RF components are 
integrated on the chip except for antenna, crystal and 
decoupling capacitors. 

 
 

2.2.2. Sensor Module 
 

Sensor modules include temperature-humidity 
module, wind speed module, illumination module, 
CO2 module and air quality module according to the 
needs of the field leaf nodes. A SHT15 digital 
temperature-humidity sensor, which can quickly and 
accurately measure the temperature and relative 
humidity of the environment, is selected as the 
temperature-humidity module that connects with the 
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microprocessor via a two-wire serial interface. The 
HD103T.0 air velocity sensor of Delta OHM is 
selected as the wind speed module that is a universal 
hot-wire anemometer with 4~20 mA (or 0~20 mA 
and 0~10 Vdc) output signal. The CdSe photoresistor 
is selected as the illumination module. Its sensitivity 
is the highest in the visible band, and its typical dark 
resistance and typical bright resistance are 520 kOhm 
and 2 kOhm respectively. It connects with the 
microprocessor via A/D channels. The QPA2002 [7] 
air quality sensor of SIEMENS is selected as the air 
quality module for measuring the indoor CO2 
concentration and VOC (Volatile Organic 
Compounds) with 0~10 Vdc output signal. 

 
 

2.2.3. Actuator Module 
 

The actuator modules are used to control the air 
conditioners, humidifiers, fans, lamps, blinds, new 
air handling units and other equipments that include 
relays, digital potentiometers and RS485 serial 
communication chips. The control of lamps includes 
"weak", "medium" and "strong" three illumination 
levels and "on-off" switch. The control of new air 
handling units includes "weak" and "strong" two 
levels. The control of blinds includes "on", "off" and 
"blade angle" three steps. The fans take stepless 
control for adjusting the wind speed and the 
humidifiers take "On-Off"control. Among them, the 
PS7112L-1A NEC's solid state relays are selected 
that are MOS FET Relays with the characteristics of 
low operating current and small size. The X913 
digital potentiometers are used to steplessly adjust 
the speed of fans. The adjusting principle is that, the 
work voltage is regulated by changing the resistance 
of the digital potentiometer that controls the charging 
time of capacitor, and thereby controls the thyristor 
conduction angle. A RF75WDT air conditioning is 
chosen with a RS485 communication interface, as 
shown in Fig. 3. The sensor node communicates with 
the RF75WDT air conditioning via a RS485 
converting circuit to achieve the network control. 
The converting circuit is shown in Fig. 4. 
 
 

 
 

Fig. 3. RS485 interface of air conditioning. 
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Fig. 4. Converting circuit of RS485. 
 

 
2.2.4. Gateway Module 

 
The MIB520 USB interface board is chosen as 

the gateway module that communicates with the host 
computer by USB interface. The USB interface can 
be seen as a virtual COM interface by the FT2232 
chip of FTDI. The two virtual serial numbers: COM 
<n> and COM <n+1> are displayed when the host 
computer connects with the MIB520. The COM <n> 
deals with node programming and the COM <n+1> 
deals with COM communication. 
 
 
2.3. Host Computer 
 

The Mini2440 [8] development board of Friendly 
ARM is chosen as the hardware platform of host 
computer. The Mini2440 adopts S3C2440 ARM9 
microprocessor of Samsung with the specification of 
primary frequency 400 MHz, the maximum 
frequency 533 MHz, 64 M SDRAM memory, RJ-45, 
USB, RS-232 and other interfaces, 3.5" LCD with 
touch screen, etc. The Mini2440 host computer 
supports Linux 2.6.32.2 + Qtopia-2.2.0 + QtE-4.6.1, 
which communicates with the gateway module in 
master node by USB interface in this paper. 
 
 
3. Design of Software 

 
3.1. Design of Software for Wireless Sensor 

Nodes  
 

The software programming of wireless sensor 
network node adopts TinyOS [9] operating system 
that is an open source embedded operating system for 
wireless sensor networks developed by the 
University of California, Berkeley. It can quickly 
compile the application-specific software by linking 
the different components together. The component 
design method makes the core of the operating 
system small enough to effectively reduce the codes 
length, thereby to break through the restrictions of 
few hardware storage resources. The TinyOS 
operating system and its applications are basically 
programmed by nesC language. One complete 
application is programmed by many independent and 
interrelated components and interfaces. The user 
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application components call the lower components 
through interfaces, to achieve all kinds of application 
functionality, such as data acquisition, data 
processing, wireless communication, host computer 
communication, etc. The programming of the sensor 
nodes proposed in this paper can be divided into 
three categories according to the node function and 
hardware configuration: 

1) Using digital sensor module in nodes, such as 
temperature-humidity sensors, these nodes send or 
read data of sensors through the digital signal lines 
connected with microprocessor. 

2) Using analog sensor module in nodes, such as 
air velocity sensor, illumination sensor, air quality 
sensor, etc, the programming of such nodes needs to 
add an A/D converter component. 

3) Using serial communication module in nodes, 
such as RS485 serial communication module for the 
control of the air conditioning, the programming of 
such nodes needs to add a serial communication 
driver component. 

In addition, the relays, potentiometers and other 
devices are primarily driven by the circuit designed 
of I/O pins, without adding extra components. 

The following example is the software 
programming of temperature-humidity sensor nodes. 
The program components  includes a system 
component "Main", an application component 
"SensorM", an Ad hoc router protocol component 
"MultiHopRouter", a general communication 
component "GenericCommPromiscuous", a data 
sample Component "SamplerC", a clock component 
"TimerC" and a LED component "LEDC". The 
programming chart of components is shown in Fig. 5. 

In Fig. 5, the "SensorM" component connects 

with the "SamplerC" component via a Sample 
interface that configures the sample channels by 
calling the command "getSample" and starts 
sampling by calling the command "sampleNow". At 
last the sample data are sent to the "SensorM" 
component by the event data Ready. The main codes 
are as follows: 

 
// Configure the sample parameters 

record[14]=call 
Sample.getSample(0,TEMPERATURE,MISC_SAMPLIN
G_TIME,SAMPLER_DEFAULT); 

record[15]=call 
Sample.getSample(0,HUMIDITY,MISC_SAMPLING_TI
ME,SAMPLER_DEFAULT); 
…… 
call Sample.sampleNow(); 

…… 
event result_t Sample.dataReady(uint8_t channel, uint8_t 
channelType,uint16_t data) 
{ 

switch (channelType) { 
 …… 
     case HUMIDITY:  
       atomic { tmppack=(DataMsg *)packet.data; 
  tmppack->Data.datap6.humid =data ; 
        msg_status|=0x80;} 
   break; 
     case TEMPERATURE:  
       atomic {tmppack=(DataMsg *)packet.data; 
      tmppack->Data.datap6.humtemp =data; 
      msg_status|=0x100;} 
    break; 

…… 
            default: 
    break;} 
     } 

 
 

 
 

Fig. 5. Components connecting of temperature-humidity sensor nodes. 
 
 

3.3. Software Design of Host Computer 
 

The software design of host computer mainly 
includes those functions, such as serial 
communication, database migration, user interface 
design and control algorithm, etc. The Version of 
database is SQLite [10] 3.5.6, and the version of 
development environment is fedora 9.0 in the host 

computer. The arm-linux-gcc-4.4.3 cross compiler is 
used to migrate the SQLite database.  

The Qtopia Designer is developed for application 
environment based on Qt/Embedded, therefore, the 
Qtopia is used for designing the user interface of the 
host computer. The two Qtopia development 
environments are used for programming, which are 
X86 x86-qtopia based on PC and Arm-qtopia based 
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on ARM platform. The former qtopia is used to 
simulate the program compilation on PC, the latter 
qtopia provides the compiler to run the program on 
ARM platform.  

The signals/slots are the core of Qt and replace 
the traditional callback function. It is extensively 
used for communication of objects in the Qt 
programming. When the signals of the object are 
changed, the signals will be emit. The slots as an 
ordinary object member function perform the 
corresponding application programming after 
receiving the signals. The connect( ) function of 
QObject is provided to connect the signals and slots, 
the codes format is denoted as: 

 

connect(“sender”, SIGNAL(“signal”), “receiver”, 
SLOT(“slot”)), 

 

where the "sender" is the sender of signal, the 
"signal" is the signal content, the "receiver" is the 
receiver of signal and the "slot" is slot function. 

The simulation execution files under X86 are 
generated via "make" command. The project file 
folder is moved to Qtopia application environment 
based on ARM platforms after debugging success. 
Regenerating the "pro" file and "Makefile" files and 
running the "make" command by linux-arm-g + 
+Run compiler tools, the executable program is 
acquired after a successful compilation on  
the ARM platform. 

The monitoring interfaces of the system mainly 
include mode selection interface (MODE), operation 
status monitoring interface (MONITOR), data query 
interface (QUERY), device control interface (CTRL) 
and chart Interface (CHART), which can be switched 
through the menu. 

The MODE interface is selected as an example, 
shown in Fig. 6, which is used to choose the season 
and the running mode for thermal comfort system.  

 
 

 
 

Fig. 6. Mode selection interface. 

The seasons are divided into "SUMMER" and 
"WINTER" two types. The running modes include 
"Comfortable > Energy-saving", "Comfortable = 
Energy-saving" and "Comfortable < Energy-saving" 
[11]. The user can choose any of the three modes 
according to their thermal sensory preferences. After 
choosing the appropriate mode, then pressing the 
"Confirm" button, the system starts running. It runs 
alternately between the comfort mode and energy-
saving mode to simulate the natural environment, 
thereby to realize the dynamic comfort control. The 
settings of temperature, wind speed and time duration 
as well as the PMV values measured from the 
thermal environment are displayed on the "MODE" 
interface. In accordance with the settings of the 
above parameters, the energy consumption of the 
system is the minimum under the same comfort. 

 
 

4. Conclusion 
 

ZigBee is a standard wireless network protocol 
for low rate control network possessing the 
advantages of low complex, low cost, low 
consumption and high safety. It will be the direction 
of the intelligent environments with the development 
of the wireless network technology. The paper 
presents a comfort degree monitoring platform for 
intelligent environments based on ZigBee wireless 
sensor networks that samples the environment’s 
parameters and actively controls the corresponding 
equipments according to the data sampled and users’ 
preference. The wireless sensors networks acts as the 
lower computer that consists of three layers namely 
host node layer, sub-host node layer and leaf node 
layer with tree route. The software programming of 
wireless sensor network node adopts TinyOS 
operating system. It can quickly compile the 
application-specific software that, the different 
components are linked together by interfaces. The 
Mini2440 development board of Friendly ARM is 
chosen as the hardware platform of host computer 
that communicates with the gateway module in 
master node by USB. The software design of host 
computer adopts SQLite database and Qtopia for user 
interfaces. The monitoring platform presented in this 
paper is flexible, powerful, and scalable, which can 
be applied to the other monitoring fields with minor 
modifications. 
 
 
Acknowledgements 
 

This work is supported by National Natural 
Science Foundation (NNSF) of China under Grant 
61074070, 61004005, Key Laboratory of Renewable 
Energy Utilization Technologies in Buildings of the 
National Education Ministry, Shandong Provincial 
Key Laboratory of Building Energy Saving 
Technology.  
 



Sensors & Transducers, Vol. 23, Special Issue, July 2013, pp. 99-104 

 104 

References 
 
[1]. A. I. Dounis, C. Caraiscos, Fuzzy comfort and its use 

in the design of an intelligent coordinator of fuzzy 
controller-agents for environmental conditions 
control in buildings, Journal of Uncertain Systems, 
Vol. 2, Issue 2, 2008, pp.101-112. 

[2]. P. O. Fanger, Thermal comfort: analysis and 
applications in environmental engineering, McGraw-
Hill, New York, 1972. 

[3]. J. M. Li, W. Josh, P. Glenn, Indoor air quality control 
of HVAC system, in Proceedings of the Conference 
on Modelling, Identification and Control (ICMIC’10), 
Okayama, Japan, 17-19 July 2010, pp. 756-761.  

[4]. ZigBee Allianance, ZigBee Specification, 2004. 
[5]. F. Z. Wang, L. Miao, M. Zhang, et al., Research and 

design of smartphone system based on ARM9 and 

embedded Linux operating system, in Proceedings of 
the 2011 International Conference on Computational 
and Information Sciences, Chengdu, China,  
21-23 October 2011, pp. 710-713. 

[6]. H. Li, Q. F. Zhang, P. Y. Duan, Multi-Agent 
architecture in intelligent inhabited environments, 
Process Automation Instrumentation, Vol. 30, 
Issue 10, 2009, pp. 1-4. 

[7]. QPA2002 (http://www.us.sbt.siemens.com). 
[8]. MINI 2440 User's manual (http://www.arm9.net). 
[9]. H. Pan, J. F. Dong, G. J. Zhang, Wireless sensor 

network operating system TinyOS, Tsinghua 
University Press, Beijing, 2011. 

[10]. SQLite Home Page (http://www.sqlite.org).  
[11]. C. C. Liu, Comfort control method for intelligent 

inhabited environments, Master Thesis, Shan Dong 
Jianzhu University, 2011. 

 
___________________ 

 
2013 Copyright ©, International Frequency Sensor Association (IFSA). All rights reserved. 
(http://www.sensorsportal.com) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

http://www.sensorsportal.com/HTML/Sensor.htm


<<
  /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
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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


