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An electric potential is developed in the neurons. This 
combined voltage potential from multiple neurons can be 
measured from different places of the scalp. 
Electroencephalogram (EEG) measures the electrical activity 
of the brain by placing EEG probes on the scalp. A German 
physiologist named Hans Berger recorded the first human 
EEG in 1924 [1].  Also recording of cerebral activity with few 
electrodes (less than 16) is widely used in clinical neurology 
to diagnose seizures. The presence of electrical current in the 
brain was found by Richard Caton who is an English 
physician in 1975 [2]. 

Previously, doctors used patients’ facial expressions to 
diagnose their diseases. These methods are not very 
inaccurate. Therefore, an objective analysis needs to be 
performed and it can be by explaining real-time bio-signals 
electroencephalogram (EEG). In the past, EEG machines were 
costly and their sizes are very big, and patients had to attend 
major hospitals in cities for their EEG signals to be measured.  

Therefore an effort was made to reduce the size of the 
EEG machine so that it could be used more than before. 
Portable EEG machines are currently available in the market; 
although they solve the issues related to size to some extent, 
they are still very expensive [3, 4]. 

 

 
 
Because of all these reasons, we decided to make a 

portable EEG system with data logger which is simple, cheap, 
and convenient for patient use. In general, there are four wave 
groups (alpha, beta, theta, and delta). The EEG rhythm and 
waveforms are varied by the position of electrode placements 
on certain parts of the brain (fig.1). 
 
Alpha�wave occurs at a frequency between 7,5 and 13Hz. The 
alpha waves are produced when a person is conscious, relaxed 
state with eyes closed; the activity is suppressed when the eyes 
are open. The amplitude of the alpha rhythm intensely occurs 
in the occipital region and can be ideally recorded at parietal 
and frontal regions of the scalp. 
Beta�waves normally occur in the frequency range of 14-30Hz 
and sometimes even as high as 50Hz for intense activity. Beta 
waves activities are presented when people are alert or 
anxious, with their eyes open.  
Theta� potentials are large amplitude, low frequency between 
3.5 and 7.5Hz waves. Theta is abnormal in alert adults but 
seen during sleep, and small children. Theta waves occur 
mainly in the parietal and temporal region.  
Delta� waves have the largest amplitudes and the lowest 
frequency in less than 3.5Hz. It is normal rhythm for infants 
less than one year old and in adults in deep sleep. This wave 
can thus occur solely within the cortex, independent of the 
activities in lower regions of the brain [5]. 
 

 

 EEG waveforms 
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In this system, at first we placed electrode in a specific 
area of the brain. It is seen in figure 2, electrodes are placed 
the subject's brain as a system. The system which often used to 
place silver-chloride electrodes for monitoring the clinical 
EEG is the International Federation 10-20 system as in figure 
2. The 10-20 system is not how many electrodes to be put on 
the scalp but rather a measurement of percentage of 10% or 
20% on a certain anatomical landmarks to standardize the 
placement of electrodes [4]. The positions are defined by 
certain anatomical reference points as follows: Reference 
point is left ear. Other electrodes are placed in different 
position of brain.

 
 10-20 Electrode Placement System. The letter above P 

= parietal, F = frontal, T= temporal, O = occipital as 
standardized by the American Electroencephalographic 

Society. [4] 
 

The Ag-AgCl electrodes are used in the EEG signal 
acquisition system because of having low impedance, low 
offset voltage and low noise with high stability. The 
application gel is needed for preparing the skin before placing 
electrodes to the skin in order to reduce input impedance and 
help for efficient transmission of the current through electrode 
– electrolyte interface [6]. Although an EEG system generally 
is equipped with more than eight electrodes, we used two 
electrodes for this system at the beginning.  

Figure 3 shows the concept of the system design for 
prototype EEG signal card system below. 
  

 
 

 Structure of the system 
 

The amplitude of the EEG signal is very low (5-500 uV), 
this makes it difficult to acquire and measure. Hence an 
amplifier is required to strengthen the signals to a desired or 
recognizable level. Another problem is the DC offset of the 
signal which occurs electrode-tissue interface. This DC offset 
is generally about 20-50 mV and EEG signal is about 500 
times less than DC offset. Therefore, instrumentation amplifier 
has a very low noise, high input impedance and high CMRR 
(Common Mode Rejection Ratio) is being necessary to 
amplify EEG signals and reject the DC offset [4, 7]. 

As in shown in Fig.3, designed system is mainly 
composed of scalp electrodes, instrumentation amplifier, 
active high pass filter, active low pass filter and 50 Hz  Notch 
filter and monitor. The overall design was tested in Orcad and 
was implemented on printed circuit board (PCB). 
Additionally, PCB circuits were designed with Proteus.  

 

 
 

 EEG signals connection with instrumentation amplifier 
 

The magnitude of EEG is about lower than 100uV, so bio-
potential amplifier with high gains and high quality is 
required. 

The instrumentation amplifier amplifies the signal 
difference and turns down input signals common to both input 
leads. Occurred noise on both the input leads of the 
instrumentation amplifier by electrodes and electrode cables 
which are very close so they influence each other is significant 
subject, so due to its capability of rejection input signals 
common to both inputs it can eliminate the noise [3]. 

Instrumentation amplifier AD620 (Figure 6) was used in 
this project; it is very suitable for medical instrumentation 
application and uses low power consumption (1.5mW at 3V), 
which makes it good for portable design. 

The general purpose of instrumentation amplifier offering 
excellent accuracy that eliminates common signal with 115dB 
(CMRR = 90 dB minimum). It has very low offset voltage of 
about 100uV and very low drift voltage of 1uV/°C). The 
instrumentation amplifier is adjusted about 100 times to 
amplify; it cannot be adjusted to more than that value owing to 
DC component (power supply is +/- 5V) and amplified DC 
component is always lower then dc voltage level provided by 
the power supply because it can be useful for signal as it will 
be affected by noise [7, 9]. 
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 Circuit diagram of instrumentation amplifier 
 

 
 

 PCB circuit of instrumentation amplifier 
 

Figure 5 shows circuit of instrumentation amplifiers, this 
amplifier amplifies the signals about 100 times. The gain 
equation of the amplifier is given below, 
 
 RG�= 100 k�/(G�� 1) (1)
 

The Rg resistor was set 1 k� therefore using the gain 
formula (1) for AD623, the gain will be 100. 
 

 

 Frequency response of the EEG amplifier 
 

Figure 7 illustrates frequency response of the EEG 
amplifier and the gain is 40 dB. Using gain formula (2) in dB, 
we can get 100 for V2/V1. 
 
 dB = 20 log10 (V2/V1)    (2)
 

 
The frequency range of the EEG signals for the normal 

human adult subject will be of 1 Hz to 40 Hz and it can extend 
up to 100 Hz based on the unnatural functionality of the brain. 
In the acquisition of the EEG signals there will be interference 
from sources of different things which can be from 
surroundings or within the body. The noise from the internal 
tissues is contributed by the potentials developed across them 
interfering with recordings at the surface. These signals will 
largely are of frequency more than 100Hz. Also the DC offsets 

from electrical instruments will be observed in the low 
frequency range with the mean frequency of 0.5 Hz. The 
interference due to the AC electrical lines is at 50Hz which is 
also a source of noise [9, 10]. 

The system is necessary to preprocess the signal using a 
filter which is capable of eliminating interference signals. 
Thus we designed three filters which are active high pass 
filter, active low pass filter and 50 Hz  Notch filter. 
 
2.3.1.�Design�of�Low�Pass�Butterworth�Filter��
 

In the first stage, we used active low pass filter in our 
design.  As shown in figure 6, the 6th order low pass 
Butterworth filter is designed by cascading the three 2nd order 
filters with known filter coefficients and standard capacitor 
values by calculating the resistor values. We used AD8572 
opamp for this design. It has low offset voltage, high gain and 
very low input bias current (10 pA). Cut-off frequency of the 
filter is 100 Hz at the gain of -3dB. Circuit of the filter is given 
fig. 8 and pcb circuit is fig. 9. 
 
Cut-off frequency (LPF)= 1/ 2�RC= 100Hz; 
 

 
 

 Circuit diagram of Butterworth low pass filter 
 

�
�

 Pcb design of Butterworth low pass filter 
 

 
 

 Frequency response of 6th order low pass Butterworth 
filter 

 
2.3.2.�Design�of�High�Pass�Butterworth�Filter�
 

The high pass filters are applied to system after the 
Instrumentation Amplifier removes DC offsets. Its cutoff 
frequency is 0.5Hz (figure 9). There is a second high pass 
filter stage, filter is applied after the first operational amplifier 

Vin
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because amplification brings some new DC component to 
signal cause of amplifier offset and drift [11]. 

In this stage, we used 2nd order Butterworth filter. To 
obtain a filter with a flat frequency response and sharp 
transition region at 1 Hz cut-off frequency and the gain -3 dB, 
a 2nd order filter is sufficient for the desired performance with 
known filter coefficients and standard capacitor values by 
calculating the resistor values. We used AD8572 opamp for 
this filter. Figure 11 shows the circuit of active high filter and 
its pcb circuit is given in figure 12.  
 
Cut-off frequency (HPF)= 1/ 2�RC=  0.5 Hz; 
 

 

 Circuit diagram of Butterworth high pass filter 
 
 

 
 

. Pcb design of Butterworth high pass filter 
 

 
 

 Frequency response of   2nd order high pass 
Butterworth filter 

 
2.3.3.�Notch�Filter�Design�
�

Active 50Hz Notch filter which is a type of band-
stop filter that reduces a narrow range of frequencies is 
designed to filter the noise caused by the interference from the 
surrounding electrical lines. Hence, the Notch filter is 
designed at last. We designed notch filter using a twin-T 
topology. To implement this notch filter, AD8572 operational 
amplifier is selected again. Figure 14 shows circuit diagram of 
notch filter. The frequency response of the designed notch 

filter is given in figure 16 which shows large attenuation at 50 
Hz. The gain of the designed notch filter is 1.98 dB. 
  

 
 

 Circuit diagram of Notch filter 
 

 
 

 Pcb design of Notch filter 
 

 
 

 Frequency response of   Notch filter 
 

From the analog circuit which includes design of the 
amplifier and an active filter (series of sub-filters in cascade 
structure), an analog signal with gain of 5000V/V which is 
free from known noise frequencies is obtained [6]. This signal 
has to be digitized in order to transfer into the analysis 
platform which is Arduino micro controller. The Atmega32 
microcontroller has an ADC with 8 multiplexed channels, 
each of them with a resolution of 10 bits. The working 
frequency of Atmega32 which is 16 MHz was programmed in 
the system. Its ADC clock works with 125 KHz. Furthermore, 
it is possible to select the ADC pre-scalar with the value of 8 
in order to obtain a 10 bits resolution which is necessary fix 
the ADC clock with a frequency between 50 and 200 KHz. 
This information above is indicated in the datasheet of the 
microcontroller. The transform result is illustrated in two 8 bit 
registers [12]. 
       The serial communication speed of Processing interface 
programme is set to just 9600 bits per second to monitor EEG 
data which are transmitted to interface programme. Otherwise 
microprocessor and Processing programme are not compatible 
each other. 
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The Atmega32 microcontroller includes a registry unit 
where the data to be transmitted by the serial port is stored, the 
values of micro controller output voltage and computer input 
voltage are adapted using the max 232 integrated circuit. 
 

 
 

 Arduino code of the system 
 
After this stage, we use Processing program which is designed 
with java for Arduino. We transmitted digital signals to 
computer in order to convert by means of ADC. Then EEG 
signals were monitored in processing program. 
 

This section describes the power supply design for 
amplifier integrated chips. As this project is designed and 
aimed to develop a portable instrumentation, the power supply 
range for operational amplifiers is selected to be at low 
voltage range which can be supplied by small batteries. 

This project is designed to work on the voltage range of 
above 3 volts. Also there is a need to supply constant power 
source to the operational amplifiers since the battery voltage is 
degraded with continuous usage [12]. Hence a constant ±5V 
power is supplied from a 9V battery using a voltage regulator. 
The voltage regulator circuit with the coupling capacitors is 
shown in figure 18.  
 

 

 Power Management of the system 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Designed all of the system on the breadboard 

We designed this system on the breadboard and connected 
all of the connections which relevant to the EEG signal 
system. Then, a man who were placed the electrodes his brain 
and the signals were monitored with computer. Fig.19 shows 
the designed all of the system on the breadboard. 

 

 Frequency response of Notch filter 
 

A low noise EEG biopotential two channels amplifier is 
designed and investigated. In this system, we present the 
design and implementation of prototype hardware for 
acquiring the Electroencephalographic signals from the human 
subject and display them on monitor. In the experiment, 
although an EEG system generally is equipped with more than 
eight electrodes, we used two electrodes for this system at the 
beginning, one of which is a reference electrode connected to 
the earlobe. The other one is placed at the region of brain for 
EEG waves. The EEG signals acquired from the subject who 
is a 30 years-old man was pre-conditioned to be amplified 
with a 36.3dB gain which is ideally designed for 40dB gain. 
Then the signal passed the Butterworth high pass filter which 
has 1cut-off frequency. The filter attenuates the frequencies 
less than 1Hz. Later the signal passes into the low pass a notch 
filter, respectively. Shortly the filters ideally designed these 
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frequencies between 1Hz to 100Hz rejecting 50Hz. The gain 
of the pass band frequencies is between 0dB and -3dB which 
is designed for 0dB gain.  

Figure 21 shows the plot of Matlab analysis of signal. We 
transmitted the EEG signals which were acquired from the 
designed EEG card system to Matlab. But we connected the 
system to electrical line which is frequency of 50 Hz. As it is 
seen in frequency analysis, the system peaked at 50Hz without 
Notch Filter. Also figure 21 indicates the changes of 
frequency range of EEG signals between 0 and 50 Hz.  

 

 

 Plot of Matlab frequency analysis of EEG signal 
 

Finally, the system was designed and tested successfully. 
In future works, the system which can be used in different 
control experiment will be tested and compared with the 
present hierarchical approach and the application will be used 
by a number of volunteers and it presents usefulness for 
doctors due to determining the patient’s problems in the health 
sector. The EEG signals are also used for biomedical control 
systems. These signals are used with BCI (Brain Computer 
Interface) a wheelchair, robotic arm and spelling which are 
controlled through this method.  
 

 
 

 Pcb card design all of the system 
 

 
[1]� M. Teplan, "Fundamentals of EEG measurement", 

Measurement�Science�Review, vol. 2, section 2, pp. 1-
5, 2002. 

[2]� Ranggayan, Rangaraj M., "Biomedical Signal 
Analysis", IEEE Press. John Wiley & Sons, Inc. pp. 

28-31, 2002. 
[3]� Agarwal N., Nagananda M.S., S. Rahman M. K., 

Sengupta A., Santhosh J., Anand S., "Portable cost-
effective EEG data acquisition system", Journal of 
Medical Engineering & Technology, 2011; Early 
Online, 1–6 

[4]� Noorazman Noor Ashraaf, Aziz Nor Hidayati,'' 
Portable EEG Signal Acquisition System'', College 
Science in India,3- 1 February 2009 

[5]� Reddy DC. (2005). "Biomedical Signal Processing: 
Principles and Techniques", Mc Graw Hill pp. 128-135 

[6]� Dasari, Veerendra, "EEG Acquisition System on 
Mobile Platform" (2013). Master's�Theses.� Paper118. 

[7]� W. J. Freeman, "The physiology of perception. 
Scientific American. vol.264, pp.78–85, 1991. 

[8]� Zhu Lin; Haifeng Chen; Zhang Xu; Guo Kai; Wang 
ShuJing; Wang Yu; Pei WeiHua; Chen HongDa, 
"Design of Portable Multi-Channel EEG Signal 
Acquisition System," Biomedical Engineering and 
Informatics, 2009. BMEI '09. 2nd International 
Conference on Source: IEEE Xplore, vol., no., pp.1,4, 
17-19 Oct. 2009. 

[9] A.C. Metting VanRijn, A. Peper, C.A. Grimbergen. 
"Instrumentation Amplifier for bioelectric events: a 
design with minimal number of parts". Retrieved July, 
21, 2008. Available: 
http://www.biosemi.com/publications/artikel7.htm�

[10] Overton A.(2005) Dual Purpose EEG/EKG  
Instrumentation Amplifier Retrieved, August, 21, 
2008, Available: 
http://calarts.edu/~aoverton/Resources/EEG_EKG 
schematics.php 

[11] Neuman, Michael R. (1998). "Medical Instrumentation 
Application and Design". John Wiley & Sons, Inc 
pp.233-287 

[12] Tupayachi, P., Pineyro, J. , Callupe, R. , Alvarado, R., 
"Design of an Electroencephalogram Module for Brain 
Computer Interface Oriented to People with Motor 
Disabilities", Electrical and Electronics Engineering, 
2006 3rd International Conference on, 2006, pp.1-5 

 
 
 

1131



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. 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 PDFs that match the "Suggested"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


