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Device for the Remote Measurement of
Meteorological Data Based on Arduino Platform

Mihajlo Tatovi¢', Alenka Milovanovi¢', Ivan KarapandZi¢'

Abstract: The aim of this paper is to present a realization of a device for
displaying, monitoring, and recording non-electrical quantities relevant to the
determination and examination of weather conditions. The main unit of this
device is the Arduino platform, which controls digital sensors and the GSM
module used for communication with user. To accomplish that, the GSM module
responds to SMS with the current values of parameters that are being monitored.
Also, it uses the GPS service, which allows an Internet connection and sends
data back to the Web application. When the Web application receives these data,
it processes them and saves them in a MySQL database. The device has the
ability to record data on an SD card. A user application is created in C#
programming language and allows reading of the recorded data from the SD card
and handling of such data. All of results obtained by this device is compared
with the results gathered by the Republic Hydrometeorogical Service of Serbia.

Keywords: Meteorological station, Arduino platform, GSM module, User
application, Database, Remote measuring, Web application.

1 Introduction

Knowing meteorological data is very important in everyday life. Such
databases are used in agriculture, the energy sector, tourism, construction and
other aspects of everyday life. They are significant in different areas and fields
of work for short- and long-term prediction and planning. Often meteorological
data need to be collected from distant places and at inaccessible terrain under
bad weather conditions. Development of science and technology allows
production of small weather stations that could be placed in such places. Data of
interest can be available to the user in real time, while he does not need to be at
the place of the station

Regarding this problem, our idea is to develop a measurement device with
the functions of measuring and collecting meteorological data in real time.
Later, these data can be displayed and processed from the location of
measurement.
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The device is built on the Arduino platform because it is an open source
platform and uses programmable language that is simple to use. The GSM
module is used for communication with user, so it allows using of device on
different kind of terrains. This device can keep track of temperature, air
humidity, atmospheric pressure, illumination, wind direction and speed, and
detection of precipitation and rainfall. The user can obtain the data in three
ways: by using SMS messaging, a user application, or a Web application. It can
also analyse all data collected with the user application and Web application.
This device will be explained in detail in the next chapter.

2 Description of Measurement System

The measurement system contains the Arduino platform, digital sensors,
SD card, LCD display, GSM module, and computer with the user application
and Web application.

The measurement system is shown in Fig. 1. Arduino is designed to collect
sensor data, process it, and record it on the SD card. Also, if the user sends an
appropriate SMS message to the device, the device will respond with complete
sensor information.

The device will alert the user if any data reach a critical value. This critical
value can be set by the application user.
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Fig. 1 — Organization of measurement system.

3 Measurement Device

The measurement device is shown on Fig. 2.
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The most important part on this device is the Arduino platform, because it
controls and communicates with all modules and sensors. This device uses
Arduino MEGA2560 R3, which is based on the Atmel microcontroller
Atmega2560.

Temperature and air humidity are measured with a DHT22 sensor,
manufactured by Aosong Electronics. The most important details are provided
by datasheet in Table 1.

The DHT22 sensor is factory calibrated by default and has four pins. Two
of them are used for the power supply and one for the transfer of data, while the
fourth is in idle state. It consists of an air humidity capacity sensor, a thermistor,
and all the electronic components for communication with the microcontroller.
DHT?22 uses one - wire bus interface.

Fig. 2 — 1. Arduino Mega2560; 2. GSM module; 3. sensor board and RTC module,
4. LCD display and 5. SD card module.

Table 1
Basic characteristic of sensor DHT22.

Power supply 33-6V
Supply current 1-1.5mA
Output signal digital
Temperature range -40°C to +80°C
Humidity range 0% — 100%
Accuracy iZ%IG{H
+0.5°C

. L +1%RH

Resolution or sensitivity 10.2°C
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The BMP180 is the function-compatible successor to the BMPO085, a new
generation of high-precision digital pressure sensors for consumer applications.
The ultra-low power, low-voltage electronics of the BMP180 are optimized for
use in mobile phones, PDAs, GPS navigation devices, and outdoor equipment.
With a low altitude noise of merely 0.25 m at fast conversion time, the BMP180
offers superior performance. The I°C interface allows easy system integration
with a microcontroller. The BMP180 is based on piezo-resistive technology for
EMC robustness, high accuracy and linearity, and long-term stability. The basic
characteristics are presented in Table 2. It contains temperature sensor but with
smaller accuracy than DHT22 sensor.

Table 2

Basic characteristic of sensor BMP180.
Power supply 1.62-3.6V
Supply current 3-32uA
Output signal digital
Pressure range 300-1100hPa
Accuracy -4hPa

+2hPa

Resolution or sensitivity 0.01hPa

BH1750FVI sensor is being used for sunlight, which is digital sensor for
I°’C bus interface. This sensor is the most suitable one to obtain the ambient
light data for adjusting the LCD and keypad backlight power of a mobile phone.
It is possible to detect a wide range of [1-655351x] at high resolution. The basic
characteristics are shown in Table 3.

Table 3

Basic characteristic of sensor BHI750F V1.
Power supply 24-36V
Supply current 1-7mA
Output signal digital
Operating range 0-65535Ix
Accuracy 2 Ix
Resolution 1 Ix

Detection of precipitation uses a sensor built from an FR-04, with
dimensions of 4x5 c¢m. It has four pins: two for the power supply, one for digital
output, and one for analogue output. It uses digital output if raindrops fall on the
surface of the sensor, and the digital output will be logical high (5 V). In the
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other case, the state of the digital output will be logical low (0V). Its sensitivity
can be set by potentiometer.

Measurements are taken in real time, so a real-time clock is necessary. For
this problem, a DS1307 module RTC (Real Time Clock) is used. This module
contains 56 bytes of memory for saving data and can be used when the power
goes down. In that case, the module will be powered by a 1.5V battery. That
battery can power the module for at least 10 years. There is no need for
readjustment of the device, because all configuration parameters will be saved.
The clock can be set in 12-hour and 24-hour time format and can give an exact
time until the year 2100. IC DS1307 sends data to Arduino in BCD (Binary
Coded Decimal) format.

Communication between the user and Arduino is accomplished by a GSM
SIM 900 module. This module forwards messages from the user to Arduino. If
Arduino receives the correct messages, it will respond to the user with sensor
data. The GSM link is realized with UART (Universal Asynchronous Receiver
Transmitter) communication.

The collected data are recorded on an SD card which communicates with
Arduino over SD module. The SD module work at 3.3V, but because the logical
high on all Arduino pins is at 5V, it uses a voltage level shifter. Data are saved
on the SD card in a txt file, which can be imported in the user application and
processed in further analysis.

Measurement data can be displayed on an LCD display using a HD44780
microcontroller. The LCD panel has a yellow backlight and four rows per 20
characters. One character has a resolution of 5x8 pixels. Beside standard
characters, the panel can display special characters that can be created by the
user. Between Arduino and the LCD panel is the PCF8475T module. It has the
function of cutting down the number of lines.

Every two minutes, this device sends the values of parameters measured by
the mentioned sensors to the Web application. Then the Web application saves
those data in a database. Using web application, users has approach to web
page, where can see data from database and analyze them.

3.1 User application

The application is created in C#, which is a .NET framework. Fig. 3 shows
a startup panel with data from the SD card. On the left side is a button for
importing all data from the SD card that were saved on Arduino.

The application is divided into three tabs, of which two are used to display
imported data. In the first tab, named “Table”, data are separated into columns,
where data can be sorted by date and time. An example of the tab “Table” is
shown in Fig. 4.
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Teble | Graph [ Setting|
‘ Date Temperature Humidity Sunlight Pressure Rainfall =
poad B 20205 m R 13 0 99314 0
data
4/12/20152:30 AM 129 _7 a 993.34 0
4/12/20152:45 AM (132 44 1] 99344 1}
4/12/20153:00 AM (133 349 0 99351 0 =
4/12/2015315AM |13 359 a 99364 0
4/12/20153:30 AM (124 369 1] 993.85 0
4/12/20153:45 AM 126 ETA 1] 993.95 0
4/12/20154:00 AM (125 364 a 59404 0 =
412/20154:15AM (124 379 a 93413 0 I
4/12/20154:30 AM (122 384 0 53415 0
4/12/2015445AM |11.7 396 a 99433 1}
4/12/20155:00 AM (122 396 a 594 55 0
4/12/20155:15AM [11.9 414 a 599474 0 |
4/12/20155:30 AM {113 426 0 394,86 0
4/12/20155:45 AM (115 431 10 994,91 0
4/12/20156:00 AM 121 405 18 5995.04 0
4/12/2015615AM [124 407 381 39501 0
4/12/20156:30 AM (12 433 1057 995.27 0
Al From éun\:la;.' i -“‘pnl 1 22:1 5

To Sunday ., Apdl 12,2015

Fig. 3 — Start screen of user application.

| Table | Graph | Seting |
Date Temperature Humidity Sunlight Pressure Rainfall -
4/12/20158:30 AM | 163 \392 7035 996 0 [
411272015845 80 [17.4 336 7355 956.05 0 '
4/12/201593:00 AM  [17.9 39 | 7954 996.16 0
4/12/2M59:15AM | 185 1367 8608 996.25 0

Fig. 4 — View of ,, Table” tab.

The second tab is called “Graph”. This tab contains graphical data from
measurements. The user can check the data and select those needed for further
processing. Different graphic types can be chosen from the combo box in the
upper left corner. This is presented in Fig. 5. Calendar adjustment for the
needed period is shown in Fig. 6.

In the third tab, parameters can be modified so that the user is alerted when
they become higher or lower than set values. These set values were saved on the
SD card. When Arduino starts up, it reads these values and compares them with
measured ones, every time on interval saving. In this tab, the user can set the
interval for saving data.
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Table | Graph | Setting

Type e
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14 rd
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Fig. 5 — View of ,,Graph” tab.

[ Al From Sunday . Apil 12,2015 [

To Tuesday . Aprl 14,2015 [E~

Fig. 6 — Calendar for choose period.

Table | Graph | Setting

MIN MAX
Temperature C1
Air humidity Ml
Atmospheric Pressure [mbar]
Sunhlight [Lux]

Saving interval [}

I
ave

Fig. 7 — View of ,,Setting” tab.
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3.2 Web application

The Web application is used to display the measurement data and later for
processing them.

The application is designed to have public and restricted data. Public data
can be seen by everyone on the Internet and the last measurements from one or
more nodes are displayed (Fig. 8). To see the restricted data, the client must be
registered on our system. There are two types of users: simple users and admin.
Simple user can only see and export data, but admin user has full rights. After
logging in to the application, the client is sent to the admin page (Fig. 9). The
admin page has two sections: a left menu bar and content. In the left menu bar,
the logged-in user can choose which data to display, depending on what is of
interest, and in the content section the selected data will be displayed. An
additional option is to export the selected data to a picture or pdf file.

=
Bl ™ S

Home Login  Signup _#4

Date: 2016-02-19 20:24:00

Fig. 8 — Displaying last measurements from one node.

g P ™
H Ad Logout #4
lome min  Logout e

01.01.2015

Fig. 9 — Displaying all measurements from one node — admin page.

The data that we present are collected from nodes (measurement stations).
The node communicates with the application using an http request, which is
represented by the GET method with parameters. These parameters are actually
measurement data from the node and some parameters are used for basic
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authentication of the node. If the node is contacting the Web application for the
first time, with proper parameters in the GET request, it will be registered.
Every future communication will only verify and write the measurement data in
the database.

The plan for the future is to integrate the following features:
e Better and secured communication between node and application;
e Build of Web API (other users can use our data for researches);
e Additional new options (newsletter, more management options on
measurements data and nodes, email notifications...);
e Support for all devices and web browsers;

The Web application consists of an MVC model. The Web technologies
used are as follows:
e Server side: php, MySQL [9];
e Client side: html, css, Angular JS, jQuery, Ajax;

4 Communication and Communication Protocols

The device uses four communication protocols. Via the I°C protocol,
Arduino communicates with the real-time clock, atmospheric pressure sensor,
ambient light sensor, and LCD display. With temperature and humidity sensor
he communicates via 1 wire link. The SPI protocol implements communication
with the SD card module and communication with the GSM module is realized
with serial UART communication. A diagram of all communication is shown in
Fig. 10.

GSM
SIM900
module DHT22
Serial .
commlell::lcationI IOne wire “ RTC
Arduino
MEGA2560 ¢==) BMP180

ATmega2560

€==) BH1750
SPI bus‘

CD4050B E
SD card Lo “ L CD
module = Display

Fig. 10 — Communication scheme of the system.
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5 Measurement Data

On 11 April 2015 during the period from 11:00 to 15:00 hours, the device
measured the parameters. It was located 184.64 m above sea level near to the
meteorological station of the Republic Hydrometeorological Service of Serbia
(RHMZ), due to minimal variations in measurement, and compare with data
from web site RHMZ [6], that is shown on Figs. 11, 12 and 13. T,, P,, RH, is
parameters values taken from RHMZ and T, P, RH parameters present values
from measuring device in Kragujevac on 11 April 2015.
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Fig. 11 — Comparison of temperature results.
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Fig. 13 — Comparison of air humidity results.
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In Figs. 11, 12 and 13 the dashed line represents the parameters of our
device and the solid line represents the parameters of the meteorological station
RHMZ. A very good agreement between the results obtained can be observed.
Some deviation of the results can be found in temperature measurement. Reason
for that is because device did not have appropriate standard box and it is not
placed 2 meters from ground, which is standard procedure [7, §].

Table 4
The relative deviation of the measured values.

Relative deviations of the measurement results
Time _ _ _
u100 P-h 100 MIOO
0 0 RHO
11:15 5.670% -0.022% -0.678%
11:30 6.154% 0.013% -1.773%
11:45 7.000% -0.006% -4.396%
12:00 5.797% 0.027% -4.651%
12:15 6.667% 0.034% -5.534%
12:30 5.634% 0.038% -1.587%
12:45 5.556% 0.044% -2.586%
13:00 5.479% 0.047% -3.448%
13:15 5.909% 0.056% -2.893%
13:30 2.232% 0.050% 0.448%
13:45 4.036% 0.061% 4.278%
14:00 1.732% 0.040% 3.721%
14:15 2.128% 0.043% -4.054%
14:30 6.926% 0.055% 6.111%
14:45 3.404% 0.063% 1.685%
15:00 6.838% 0.078% -4.500%
18000
16000
/
14000
. 12000 /,—/”_/
& 10000
S 8000 //
v 6000
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0 /
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Fig. 14 — View of Sunlight results.
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5 Conclusion

This article describes the realization of a device for displaying, monitoring, and
recording several meteorological parameters based on the Arduino platform.
There are similar devices based on the Arduino platform, but they can be used
as either Real-time or Off-line automatic meteorological stations. This means
that the user can have access to data in real time or data can be stored in the
database for later use. This device has both functionalities, which is its biggest
advantage.

Communication with users is accomplished through the GSM network and
module, so this device can be placed on inaccessible terrain, which provides
efficiency, speed, and ease of use.

The application that allows data manipulation and storage in the database is
created as well. Among other things, the application allows the setting of
parameters and automatic notification of the user.

The device can be improved by introducing additional sensors, for example
sensors for wind speed and wind direction, which will give a wide range of
usage. Provided improvements will be subject of further research.

6 References

[1] Aosong Electronics Co.: Digital-output Relative Humidity and Temperature Sensor/Module
DHT22.

[2] Bosch Sensortec: BMP180 Digital Pressure Sensor.

[3] ROHM Semconductor: Digital 16bit Serial Output Type Ambient Light Sensor IC.

[4] Maximintegrated: DS1307 I2C Real-Time Clock.

[5] V. Milanovi¢: Interface Programming in C#, Infelektronika, Nis, Serbia, 2011. (In Serbian).
[6] Hydrometeorological Service if Republic of Serbia.

[7] Available at: www.hidmet.gov.rs/latin/osmotreni/automatske stanice.php.

(8]

World Meteorological Organization: Guide to Meteorological Instruments and Methods of
Observation, Geneva, Switzerland, 2006.

[9] Meteorological Institute Nederlands: Handbook for the Meteorological Observation, De
Bilt, Netherlands, 2000.

[10] L. Welling, L. Thomson: PHP and MySQL Web Development, Addison-Wesley and
Pearson, Boston, MA, USA, 2008.

144




<<
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /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 (North America General Purpose)
  /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 (None)
  /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


