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Design and Development of Meteorological
Data Logger

Yin-Yeo Ng, Soo-Hong Park*, Member, KIMICS

Abstract— In this paper, an effort has been made to design
and develop a meteorological data logger for meteorological
purpose. This data logger is proposed to be included various
sensor interface that used in weather sensors. Besides,
numbers of meteorological process libraries are added into
this data logger to make it able to perform as unattended
weather monitoring system. Data output of this data logger
are also design to support multiple protocol that commonly
used in data logger, and several communication devices that
commonly used in the market. Each data that logged will be
logged together with date and time and able to retrieve via
serial port using hyper terminal. It is also configurable via
serial port.

Index Terms—Data Logger, Meteorological Processes,
Analog-to-Digital Converter

I. INTRODUCTION

A data logger system is application that involves
acquiring data, performing some analysis, storing it
and then recalling it at later point for some type of
analysis and presentation [1]. There are varieties of
data loggers that perform task for various applications
such as weather station data recording, offshore buoys
for environmental condition recording and road traffic
monitoring.

The primary objective in this research is to design
and develop a data logger which serves as a standalone
environmental data acquisition and logging for
meteorological purpose. In this paper, general system
description is presented first, along with the overview
of the electronics and firmware design. Sensor
interfaces is then introduced and described. Also,
details of data processing and data output specification
is addressed. Finally, conclusion of this paper is
presented.
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II. SYSTEM DESCRIPTION

A. Functional Overview
This Meteorological Data Logger (MDL) is a 32-bit
data acquisition system designed to collect, process, store,
and transmit data from multiple sensors. Overall, the
features of MDL can be divided into three main groups
which are describes as follows:
a. Collect data from sensors:
Capture signal from various interfaces (analog,
digital or serial interface), and perform some basic
preprocessing on data captured.
b. Process the collected data:
Perform some processing if necessary. This logger
provides some environmental related processing
libraries that allow user to process the collected
data in this logger.
c. Store and/or transmit the processed and collected
data:
The final output of this logger can be configured as
log to memory or transmit via specific interface.
Users are allowed to choose either one of both of
them.

B. FElectronics and Firmware Design

1) Overview

Basic hardware interfaces and function can easily
understand via illustration as Fig. 1. MDL contains two
types of analog input which are 12-bit high speed ADC
and 16-bit high resolution low speed ADC. Both of them
serve the same purpose that convert analog signal to
digital data. Details will be discussed in section II.B.2.
Besides, digital interfaces are included in MDL. It
supports fundamental digital input/output and also
frequency/pulse counter operation. Due to there are many
sensors come with serial interface, MDL was designed to
consist of several channels of serial port. Apart from
reading serial sensor, serial port is also serving as output
port of MDL. Final output data will be output via serial
port. In addition, it can be configured to communicate
with some modem which wusing serial port as
communication interface. Hence, transmitting data via
communication modem is possible with proper setting of
MDL. As a result of saving power, regulated switched
power was added in MDL design. User can choose to
on/off the sensor’s power during appropriate time to
achieve power saving purpose.



672 Yin-Yeo Ng, Soo-Hong Park : DESIGN AND DEVELOPMENT OF METEOROLOGICAL DATA LOGGER

Digital Inputs and
Outputs

8ch Single Ended/4ch I
Differential 16 bits
Low Speed ADCs | & Power Input
N 8~15V/36V
8ch Single Ended/4ch

Differential 12bits
High Speed ADCs

32Bits MCU

3~5ch Regulated
2ch 10Khz

| $ Power Outputs (12V
and 5V,
Digital Pulses )
Counters I

4ch Serial Ports

Fig. 1. MDL’s Functional Block Diagram

2) Sensor Interfaces

There are two Analog-to-Digital Converter (ADC)
installed in MDL which enable MDL to convert analog
signal from sensor to digital value. They are 12-bit ADC
and 16-bit ADC. 12-bit ADC is strictly operates with
unipolar (single-ended) mode, where 16-bit ADC
supports bipolar (differential) measurements. It is user
responsibility to determine which ADC is suitable for
their purpose. Table I illustrates the specification of both
ADCs.

TABLE I
MDL’S ADC SPECIICATION
12-bit ADC | 18-bit ADC
Resolution/Step 12bits/4096 | 15bits/32768 + 1 sign bit
Analog Input Unipolar Unipolar/Bipolar
Voltage Range 0to5VDC | -5Vto+5VDC
Per-bit Accuracy | 1.22mV DC | 0.1526mV DC

In addition, both ADCs support ratio metric and non-
ratio metric measurements. Fig. 2 shows a non-ratiometric
measurement technique. This configuration is suitable for
applications requiring measurements against an absolute
reference, or a single ADC serves as several unrelated
analog inputs. Non ratiometric is not applicable during
some circumstances, especially to a resistive sensor where
sensor’s output is proportional to sensor’s excitation
voltage input. Change of excitation voltage will cause
change of sensor’s output that can be seen by ADC.
Ratiometric measurement technique was designed to
measure resistive based sensor without a complicated
circuits as illustrated in Fig. 3. This design does not use an
absolute voltage as voltage reference but derived from
excitation voltage. Thus any change from excitation will
cause proportional change of ADC’s reference voltage and
sensor’s output. For this reason, it is suitable for resistive
sensor (e.g. thermistor).
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Fig. 2. Configuration of a Non Ratiometric Measurement

System [3]
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Fig. 3. Configuration of s Ratiometric Measurement
System [2]

For ratiometric measurement, MDL support multiple
excitation voltages which are 1.25V, 2.5V and 5.0V DC.
It is user’s responsibility to determine which excitation
voltage to be used so that the excitation current through
the sensor must be large enough so that the smallest
temperature change to be measured results in a voltage
change that exceeds the system noise, offset, drift of the
system, at the same time [2], it will not cause self-heating
problem if using resistive sensors.

It is common for the voltages to vary until a steady
state is reached during an analog sensor is powered up.
The amount of time for the voltages to reach steady state
depends upon the electronics components within the
circuit. Taking a measurement before steady state might
give an inaccurate measurement, hence it is necessary to
wait sensor to wait for several milliseconds for an analog
sensors to be fully settled after it is powered [4]. MDL
provides delay mechanism that allow user to configure
ADC interface to operate in such way. User can setup a
delay within 0 milliseconds to 100 milliseconds with step
of 10 milliseconds. With all this features, most of analog
sensors available for environmental used can be work
together with MDL.
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Apart from analog interface, MDL does contain
digital sensor interface that provide a way to measure
digital signal. It can be configure to be a simple on/off
state, digital frequency measurement, digital period

measurement, edge capture and quadrature encoder input.

Table II presents various operation modes and
corresponding specification of each mode of digital
sensor interface.

TABLE II
DIGITAL INTERFACE’S OPERATION MODE AND
ITS SPECIFICS

Operation Mode Specifics

Digital Measuring frequency of digital signal.

Frequency Shortest measurable interval is 0.25us =

Measurement 4MHz.

Digital Period Measuring high period of input pulses.

Measurement Shortest measurable interval is 0.25us.

Edge Capture Capture rising/falling edge of pulses. A
16-bits accumulator support up to 65536
edges can e counted. If more than 65536
pulses counted, accumulator will reset to 0
and start counting again.

Quadrature Specifically for differential encoder. An

Encoder Input 16-bits pulse accumulator support 32767
pulses counted in single direction.

On/Off State Test is input on or off only.

Aside from above, serial sensor interface is also
supported by MDL. Generally serial sensors can be
classified into two general categories:

- Polled: Serial sensor transmit data only after

receiving specific instruction to do so.

- Asynchronous: Serial sensor transmits data on its

own. Usually with a specific interval time.

MDL supports both polled and asynchronous serial
sensors. User need to set proper instruction to send before
receiving data from polled sensor while data from
asynchronous sensor will be received automatically by
MDL and specified amount of time is allotted for MDL to
wait to receive from serial sensor.

Serial can also be classified according to their
message format such as NMEA or SDI-12 standard.
Even though, manufacturers are not limit to use
standard among these two standards only, they are free
to choose its own message format. Many choose their
own proprietary format as sensor output [4]. MDL is
designed to complaint with various serial sensor
formats as follow:

- NMEA 0183: This is a interface protocol created by
National Marine Electronics Association. It defines
electrical signal requirements, data transmission
protocol and time, and specific sentence formats for
a 4800 baud serial data bus. The data is in printable
ASCII format [5].

- SDI-12: It is acronym stands for Serial Data
Interface at 1200 baud. It is a standard to interface

battery powered data recorder with micro-processor
based sensor designed for Environmental Data
Acquisition (EDA) [6].

- Proprietary: This represent any message format
which is not belongs to any known message protocol.
User need to specify message format for MDL using
formatted string in C printf function.

Besides reading from serial sensors, serial interfaces
are also serving as communication interface for MDL’s
access, data collection/output, and communication
purpose. CDMA modem is one of the communication
devices which able to connect directly to MDL as data
transmission devices. Usually, a CDMA modem is able to
support both SMS and TCPIP service, data can be sent via
both SMS and TCPIP. Since there is no standard
interfacing method for CDMA modem, thus, not all
CDMA modems are supported by MDL. RCU890 is one
of the modem can be used with MDL. Fig. 4 demonstrates
example of CDMA modem’s (Model: RCU890) TCPIP
operation. Different CDMA modem will have different

operation and commands [7].
SERVICE

©

TARGET COMPUTER
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PROGESSING BOARD | MODEM(RGUB30)

Fig. 4. TCPIP Operation of CDMA Modem

3)  Data Processes

As environmental data logger, MDL provides a large
library of processes which allow user to process the
collected data in various ways. All processes are running
throughout the sample interval times rather than being
calculated at the end of the sample duration, hence output
of processes remains valid throughout the sample interval
times. Generally, processes can be categorized into few
categories which are:

- General Processes: Processes that perform simple
averaging, rate of change, etc.

- Environmental Processes: Processes that calculates
environment data such as vector average wind
speed and direction, dew point, significant wave
height, etc.
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- Exception Processes: Processes that perform
analysis on input data to determine is exception
occur. Example of exception is value out of range,
bad sensor value, setting error flags, etc.

- Arithmetic Processes: Processes that perform
arithmetic operations such as addition, subtraction,
multiplication, division Boolean operations, etc.

Following list some commonly used meteorological
processes that included in MDL.
- Averaging Process: Calculating mean and standard
deviation of a set of data.
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- Wind Vector Average Process: Vector average for
wind speed and direction, and approximate standard
deviation of wind direction using Yamartino
equation [8].
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- U-V vector to Magnitude-Direction Process:
This process takes the square root of the squares of
the two input values to produce the vector magnitude
(M), and takes the arc-tangent (V/U) to produce the
vector direction (D).
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4) Data Output

MDL is designed to have flexible output. User is
allowed to define data fields individually to the data
output. Data fields can be output of a sensor, output of a
process, date or time and literal string that defined by user.
Besides, in combination with time function, data fields
can be conditionally added to a data output message. Data
that output via serial port will be printed as ASCII text
format.

Furthermore, to optimize memory space and
determine data to be seen or hidden, data fields can be set
to operate among one of these three modes:

- Data fields that transmit via output port only.

- Data fields that to be logged into memory only.

- Data fields that to be transmitted and logged at the
same time.

As an example, total of 20 data fields are possible to
logged or transmitted in MDL. It can be configured so
data fields #1, #2, #3, #10, #15 and #18 are logged into
memory where data fields #1, #2, ..., #20 are
transmitted via serial port. When data retrieved from
memory, only data fields #1, #2, #3, #10, #15 and #18
are shown. To optimize MDL’s memory space, data that
logged into memory are saved as binary format and will
be printed as ASCII text format when there is data
retrieval command.

III. RESULT

To verify the calculation method, an experiment
had been performed. This experiment used MDL to
captured temperature reading from HMP45A
temperature sensor. At the same time, another
temperature data logger unit (PTU303) was used to
compare both data. Besides, wave height sensor was
simulated using function generator.

The following is the setup and configuration of testing
platform:

MDL:
- HMP45A on 24bit ADC interface. Sampling rate
1Hz.
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- Output from function generator on 12bit ADC
interface. Sampling rate 1 Hz

- Average process of 200 data on temperature
reading.

- Significant wave height and period calculation on
1024 wave data.

PTU303 Data Logger:
- Attached with a temperature probe. Data output
from serial interface with sampling rate 1Hz.

Function Generator
- Simulate wave sensor, output a wave form with the
following equation:

y = sin(x) + 0.45 sin (2x + 60)
(12)

To wverify the final outcome, all captured and
calculated data were sent to PC via serial port for further
analysis. Microsoft Excel Spreadsheet and Matlab
program are used in analysis the data. Finally comparison
was made between MDL, PC and PTU303 to verify the
accuracy and precision of MDL.

Fig. 5 shows the temperature reading of MDL and
PTU303 versus length of sampled data. Fig. 6 shows the
simulated input data for wave height sensor. Table III
illustrates the final calculated average and standard
deviation of temperature data using Microsoft Excel and
MDL and Table IV compares wave height and wave
period which calculated by MDL, Matlab and Wave
Analysis for Fatigue and Oceanography (WAFO)
Toolbox for Matlab.
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Fig. 5. Temperature versus Length of data

TABLE III
COMPARISON BETWEEN EXCEL AND MDL
Parameter Result (Excel) Result (MDL)
Average over 200 24.61 24.61
data
Standard deviation 0.122 0.122
over 200 data

Input ¥Wave Signal

Arnplitude
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Fig. 6. Input Waveform for Wave Height and Period

Simulation
TABLE IV

COMPARISON BETWEEN MATLAB AND MDL

Parameter Wave Height (m) | Wave Period (s)
Matlab (WAFO) 3.1093 80.7678
Matlab (Custom

Algorithm) 3.1016 81.3711
MDL (Custom

Algorithm) 3.1016 81.4226

IV. DISCUSSION AND CONCLUSION

From the result, MDL perform well in standard
arithmetic calculation such as addition, subtraction,
multiplication and division. This can be seen from the
outcome from MDL which perform average and standard
deviation process is almost identical with the outcome
from Microsoft Excel.

For wave height calculation, there is slightly different
from MDL and Matlab’s result. The main reason is the
algorithm which used in WAFO toolbox and MDL is
different. As the result, the performance still within
satisfies range due the result is the same if the same
algorithm is performing using Matlab.

There are still some problems exist in MDL. The
main problem is power consumption. Since MDL still in
developing progress, the total power consumption still
cannot be determined. In the other hand, meteorological
processes that supported by MDL are not sufficient to
function as a standalone meteorological data logger. More
meteorological processes will be added to MDL in the
future.



676 Yin-Yeo Ng, Soo-Hong Park : DESIGN AND DEVELOPMENT OF METEOROLOGICAL DATA LOGGER

ACKNOWLEDGEMENT

This work is resulted from the project of Shindong
Company & Marine Craft (2009-2011) financially
supported by the DongNam FEconomic Area
(www.dlio.leading.or.kr).

REFERENCES

[1] Developing Data Logger Applications with LabVIEW. [Online].
Available: http://zone.ni.com/devzone/cda/tut/p/id/3263

[2] Albert O’ Grady. (August-September 2000). Transducer/Sensor
Excitation and Measurement Techniques [Online]. Available:
http://www.analog.com/library/analogDialogue/archives/34-
05/sensor/

[3] Bonnie Baker, and Miro Oljaca. (June 2009). How the voltage
reference affects ADC performance, Part 1. [Online]. Available:
http://focus.ti.com/lit/an/slyt331/slyt331.pdf

[4] Micheal J. Hart, ZENO-3200 User Manual Version 2.02:Coastal
Environmental Systems, Inc., pp.155, 2003.(Book Style)

[5] NMEA 0183 Standard V4.00. [Online].  Available:
http://www.nmea.org/content/nmea_standards/nmea 083 v_400.as

p

[6] SDI-12 Support Group. [Online]. Available: http://www.sdi-12.org/

[7] Lee Chee-Cheong, and Park Soo-Hong, “Different Approaches to
Design a Meteorological Buoy for Weather Monitoring Purpose,”
unpublished.

[8] R.J. Yamartino, “A comparison of several Single-Pass Estimators
of the Standard Deviation of Wind Speed,” Journal of Climate and
Applied Meteorology., vol. 23, pp.1362-1366, 14 May 1984.
(Transaction Journals style)

[9] Walter J. Saucier, Principles of Meteorological Analysis: Dover
Publications, May 1989. (Book style)

Ng Yin Yeo is a Malaysian citizen who born
on 13/7/1985. He graduated as Bachelor
Degree in BEng (Hons) Electronic
Engineering in year 2008 at Multimedia
University (http:://www.mmu.edu.my),
Malaysia. Also he obtained his master
Degree in Mechatronics Engineering in year
2007 at Dongseo University, South Korea.

Soohong Park (M’2006) is a Senior Professor
who works under Mechatronics Department at
Dongseo University. He obtained his Bachelor
Degree at year 1986, master degree at year 198
9 and Ph.D. degree at year 1993. During 1995-
1996, he was visit professor at the Beijing Aero
& Astrometry University, China. In year 2002-
2003, he also was visit professor at the Oregon
University, U.S.A.. His main research topics ar
e control and unmanned vehicles and robot.





<<
  /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
    /AmeriGarmnd-BT
    /AmeriGarmnd-BTBold
    /AmeriGarmnd-BTBoldItalic
    /AmeriGarmnd-BTItalic
    /Baskerville-BT
    /BernhardFashion-BT
    /Blippo-BlkBT
    /Bodoni-BdBT
    /Bodoni-BdBTItalic
    /Bodoni-BkBT
    /Bodoni-BkBTItalic
    /BroadwayEngraved-BT
    /BrushScript-BT
    /CentSchbook-BT
    /CentSchbook-BTBold
    /CentSchbook-BTBoldItalic
    /CentSchbook-BTItalic
    /CommercialScript-BT
    /Cooper-BlkBT
    /Cooper-BlkBTItalic
    /Courier10-BTBold
    /Courier10-BTBoldItalic
    /DomCasual-BT
    /Freehand591-BT
    /FuturaBlack-BT
    /FZWBFW--GB1-0
    /FZXKJW--GB1-0
    /GoudyOlSt-BT
    /GoudyOlSt-BTBold
    /GoudyOlSt-BTBoldItalic
    /GoudyOlSt-BTItalic
    /H_CIRNUM
    /H_EQSYM1
    /H_EQSYM2
    /H_HEBREW
    /H_KEYBD
    /H_MULTI1
    /H_MULTI2
    /H_PROSYM
    /HighlightLetPlain
    /Hobo-BT
    /JohnHandyLetPlain
    /LaBambaLetPlain
    /Liberty-BT
    /MBatang
    /MDotum
    /MekanikLetPlain
    /MGungHeulim
    /MGungJeong
    /MJemokBatang
    /MJemokGothic
    /MSugiHeulim
    /MSugiJeong
    /MurrayHill-BdBT
    /Newtext-BkBT
    /OCR-A-BT
    /OCR-B-10-BT
    /OdessaLetPlain
    /OrangeLetPlain
    /Orator10-BT
    /ParkAvenue-BT
    /PumpDemiBoldLetPlain
    /QuixleyLetPlain
    /RuachLetPlain
    /SandSm
    /SandTm
    /ScruffLetPlain
    /Swis721-BT
    /Swis721-BTItalic
    /TirantiSolidLetPlain
    /UniversityRomanLetPlain
    /VictorianLetPlain
    /WestwoodLetPlain
  ]
  /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 <>
    /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.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
  /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 [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


