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Abstract—The responses of the brain into different 
information coming from sense organs could be analyzed by 
various kinds of measuring techniques.  Among the existing 
techniques, Electroencephalography (EEG) is widely used 
because of its low setup costs, easy implementation and 
noninvasive nature. The response of the human brain to olfaction 
has been analyzed in recent years. Particularly, it has not been 
exactly proved how the human brain gives response to different 
odors because of the limited kind of odor usage and different 
kinds of proposed methods. The present study demonstrates the 
effect of lotus flower and cheese odors on EEG signals, which 
were recorded from 5 healthy subjects at the eyes open and eyes 
closed conditions.  In order to show the effectiveness of the 
proposed method, we categorized the EEG trials into two classes 
between lotus flower and cheese odors.  In order to represent the 
EEG trials, we extracted features by using Wavelet Transform 
coefficients. As wavelet function, we tested five kinds of wavelets 
including Morlet, Mexican, Meyer, Coiflet and Daubechies on 
delta, theta, alpha, beta, whole band of the EEG signal. The 
extracted features were classified by k-nearest neighbor 
algorithm. The achieved results showed that among the tested 
wavelet functions, Mexican wavelet has a great potential to 
represent the EEG signals which were recorded during smelling 
of lotus flower and cheese odors under the eyes open and eyes 
closed conditions. Moreover, we achieved with Mexican 98.29% 
and 94.08% average classification accuracy rates on the eyes 
open and closed conditions, respectively. 

Keywords—electroencephalogram; brain response; olfaction; 
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I.  INTRODUCTION  
       Brain is a complex organ which provides balance and is 
the decision maker mechanism of the human body. All our 
activities in daily life are controlled by the brain. These 
controls are carried out by millions of nerve cells (neurons) 
that communicate with each other in the brain. Electrical 
activity of these groups of nerve cell in the brain creates 
electroencephalography (EEG) signals. As the meaning of the 
term, EEG stands for "brain electrical picture". EEG records 
are generally taken with the help of a cap surrounding the 
skull and electrodes placed on the cap. In this regard, EEG is 
an easy and non-invasive method compared to other imaging 
techniques [1-3].  

Odor molecules in the air move to nose and this event 
creates olfaction. There are millions of nerve cells that take 
part in the olfaction in the nose. These cells which stimulate 
each other via odor molecules taken by inhalation ensure to 
reach olfaction in the brain [3-5]. Examination of recorded 
EEG signals during olfaction might clarify that there is any 
lack or loss of a subject’s sense of smell. 

Although the response of animal brain in the various 
kinds of odors was analyzed in detail [6-9], it has not been 
exactly revealed how the human brain gives response to 
different odors because of the limited kind of odor usage and 
different kind of proposed methods. 

Melvin et al. analyzed EEG signals  which were  collected  
from  14  healthy  volunteer human  subjects  on  two  levels  
of  scent  intensities. In that study they represented the EEG 
signals with five different features including entropy ratio, 
entropy difference, entropy mean, root-mean-square and 
Kurtosis. Instead of classifying the signals, they only showed 
the feature space in which there is much difference between 
the features of low intensity and high intensity of scent [10]. 
In another study by Placidi et al., two kinds of odors, one was 
pleasant and the other was unpleasant, were smelled by four 
subjects [11]. Then, the EEG signals were collected when the 
participants were asked to remember the pleasant and 
unpleasant odors smelled. Afterwards, they categorized the 
EEG signals with classification accuracy (CA) rate of between 
88.3% and 93.3%. In another kind of odor based EEG works 
by Kroupi et al., four kinds of odors (including valerian, lotus 
flower, cheese and rosewater) were smelled by 5 subjects in 
eyes open and closed conditions [12]. During the experiment, 
they recorded the EEG signals. Then, they asked the 
participants the pleasant and unpleasant odors among four of 
them and they only categorized the EEG signals as the 
pleasant and unpleasant.  They obtained an approximately 
90% classification accuracy result on reduced binary 
classification problem. Moreover, in that study the authors 
proposed the subject specific categorization model.  

In our study, instead of categorization of EEG signals as 
pleasant and unpleasant, we analyzed the responses of the 
brain to lotus flower and cheese under the eyes open and 
closed conditions. To this end, we considered the dataset 
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which was served into the public use by Kroupi et. al. In order 
to represent the EEG signals, we extracted wavelet transform 
based features. We tested five kinds of wavelet including 
Morlet, Mexican, Meyer, Coiflet and Daubechies on delta, 
theta, alpha, beta, whole band of the signal. The extracted 
features were classified by k-nearest neighbor (k-NN) 
algorithm which is very easy to implement. The obtained 
results showed that among the tested wavelets, Mexican 
wavelet has a great potential to represent the EEG signals 
recorded during smelling of lotus flower and cheese odor 
under the eyes open and closed conditions. The proposed 
wavelet transform based method was successfully applied to 
the present data and it achieved 98.29% and 94.08% average 
classification rates under the eyes open and closed conditions, 
respectively.  

II. MATERIALS AND METHOD 

A. Data Set Description 
      In this study, EEG data, recorded in The Swiss Federal 
Institute of Technology, were used. The EEG signals were 
presented to the public and were taken from 5 different 
subjects between aged 26 and 32. These data were obtained by 
smelling four different odors at subject’s eyes open and eyes 
closed conditions. Data were recorded at 250 Hz sampling rate 
and 216 electrodes. Although, each trial has duration of 2 
seconds, EEG signals were re-referenced to the common 
average and single trials were generated so as to last for one 
second after the stimulus onset. Subjects who participated in 
the experiment do not have any chronic illness, respiratory 
failure and mental problems. The used odors were as follows: 
1- valerian, 2- lotus, 3-cheese, 4- rosewater. In this study, 
cheese and lotus flower odors were considered to be analyzed. 
Half of data set are constituted by training data set and rest of 
them are constituted by testing data set. This selection is 
carried out in a random form. In this work, data set for odors 
of lotus flower and cheese is listed in Table 1 with the number 
of their training and testing trials. Furthermore, in this table Tr 
and Te are the numbers of training and testing trials, 
respectively. 
 

TABLE I. THE NUMBER OF EEG TRIALS 

Subject Eyes Open Eyes Closed 

Lotus Flower Cheese Lotus Flower Cheese 
Subject 1 18 

(Tr:9 Te:9) 
19 

(Tr:10 Te:9) 
18 

(Tr:9 Te:9) 
21 

(Tr:11 Te:10)
Subject 2 18 

(Tr:9 Te:9) 
19 

(Tr:10 Te:9) 
21 

(Tr:10 Te:11) 
19 

(Tr:10 Te:9) 
Subject 3 23 

(Tr:12 Te:11) 
22 

(Tr:11 Te:11) 
20 

(Tr:10 Te:10) 
18 

(Tr:9 Te:9) 
Subject 4 24 

(Tr:12 Te:12) 
26 

(Tr:13 Te:13) 
21 

(Tr:11 Te:10) 
21 

(Tr:11 Te:10)
Subject 5 19 

(Tr:10 Te:9) 
15 

(Tr:8 Te:7) 
20 

(Tr:10 Te:10) 
22 

(Tr:11 Te:11)
Total 102 101 100 101 

 

B. Wavelet Transform based Feature Extraction 
Wavelet Transform is widely used for extracting features 

in pattern recognition applications by analyzing the sub-bands 

of signals in both time and frequency domain [13-15]. The 
base function of WT is called “wavelet function”, which has 
mean value of zero and finite wave in time.  The shifting in 
time domain and scaling are the important parameters of a 
wavelet.  

WT protects all time-frequency information. Therefore, it 
provides better performance for processing of non-stationary 
real signals compared with other methods. The results of the 
Continuous Wavelet Transform (CWT) are wavelet 
coefficients which are calculated by summing over all time of 
the signal multiplied by scaled, shifted versions of the wavelet 
function ( ). The CWT of a Y(t) signal is calculated as given 
in Equation 1.  

                               (1) 
 

     Here, (t), x and y indicate the wavelet function, scaling 
parameter and shifting parameter, respectively.   

     In this study, we tested various kinds of wavelet functions 
including Morlet, Mexican, Meyer, Coiflet for the Delta (D), 
Theta (T), Alpha (A), Beta (B) and whole band (WB) of the 
EEG signals.  The interval of the bands are given in Table 2. 
In this table fL and fU indicate low cutoff frequency and upper 
cutoff frequency, respectively. 

 
TABLE II. FREQUENCIES OF THE BANDS 

Band 

Delta Theta Alpha Beta Whole 
fL fU fL fU fL fU fL fU fL fU 

0.5 Hz 4 Hz 4 Hz 8 Hz 8 Hz 12 Hz 12 Hz 30 Hz 0.5 Hz 30 Hz
 

      In this study, the features were extracted from CWT 
coefficients (CWTCs) by calculating their values of mean and 
standard deviation as given in Equation 2 and Equation 3, 
respectively.  
 

                           (2) 
 

 

                  (3) 

 
 
     Here   denotes the length of the CWTCs. It is 
worthwhile mentioning that all 216 electrodes were considered 
for extracting features.  
 

C. Classification and Training Procedure 
In this paper, k-NN algorithm was used as classifier, which 

determines the class of a test trial by considering the k closest 
neighbor(s). The k-NN classifier is easy to implement, 
powerful   for noisy data and it is also getting more powerful 
with increasing number of training dataset.  
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Although there are many kinds of distance metrics, we used 
Euclidean, which is widely used in literature, to measure the 
distance of the neighbor(s). The equation for the generalized 
Euclidean distance might be given as follows: 

 

                 (4) 

 
     Where xak and xbk are the query point and a case from the 
examples sample, respectively.  

     One of the important point at k-NN algorithm is 
determining the optimum value of k. In this work, we used 
random subsampling validation method on training data set in 
order to calculate the optimum k parameter.  The optimum k 
parameter was tuned for each experiment separately.  

     In order to appraise the performance of the k-NN classifier, 
we calculated CA metric in terms of percentage as follows: 
 

          100x
AT
CT

CA =                        (5) 

 
     Where CT indicates the number of correctly classified trials 
and AT indicates the total number of considered trials. 

III. RESULTS 
In this work, differences in brain signals of subjects 

smelling odors of the lotus flower and cheese under eyes open 
and eyes closed conditions were analyzed. The EEG signals 
were represented by wavelet transform based on the extracted 
features. In order to identify the optimal wavelet, Morlet, 
Mexican, Meyer, Coiflet, Daubechies wavelets were tested. 
Additionally, delta, theta, alpha, beta, whole bands were 
analyzed for optimal bandwidth of the EEG signals. Maximum 
classification accuracy was calculated for these type of 
wavelets and it was obtained for this type of bands in both eyes 
open and eyes closed conditions. The obtained results are given 
in Figure 1 and Figure 2.  

 
Fig. 1. Eyes open condition of subjects  

According to the results obtained from subjects in eyes 
open condition, the highest CA for olfaction of lotus flower 
and cheese was calculated at Figure 1.  For Subject 1 and 
Subject 2, 100.00% CA was achieved with Morlet, Mexican, 
Meyer, Coiflet and Daubechies wavelets on delta, theta, alpha, 
beta, and whole bands. Furthermore, for Subject 5, 100.00% 
CA was calculated with Mexican wavelet on theta band. 
Additionally, for Subject 3, 81.82% CA was obtained with 
Coiflet wavelet on theta, alpha, beta bands. As shown in the 
last row of the Figure 1, the highest average of CA in regard to  
all subjects was obtained as 98.29% with Mexican wavelet.  

 
Fig. 2.Eyes closed condition of subjects 

 
According to the results obtained from subjects in eyes 

closed condition, the highest accuracy for olfaction of lotus 
flower and cheese was calculated at Figure 2. For Subject 2, 
100.00% accuracy was achieved with Morlet and  Daubechies 
wavelets on delta, theta, alpha, beta, whole  bands and also 
same CA was obtained with Mexican, Meyer, Coiflet wavelets 
on theta, alpha, beta, whole bands. Additionally, for Subject 3, 
100.00% CA was obtained with Morlet wavelet on delta, beta, 
whole bands, with Mexican wavelet on beta band, with Meyer 
wavelet on beta and whole bands. Furthermore, for Subject 4, 
100.00% CA was calculated with Morlet wavelet on beta 
bands, with Mexican and Coiflet wavelets on alpha bands, with 
Meyer wavelet on alpha, beta, whole bands, with Daubechies 
wavelet on alpha, beta bands. For Subject 5, 61.90% CA was 
obtained with Meyer wavelet on delta, alpha bands. As shown 
in the last row of the Figure 2, the highest average of CA in 
regard to all subjects was obtained as 94.09% with Mexican 
wavelet. 

Figure 1 and Figure 2 showed that the highest 
classification accuracies were achieved with Mexican wavelet 
as 98.29% and 94.09% under eyes open and eyes closed 
conditions, respectively. Therefore, Mexican wavelet might be 
put forward as the best wavelet among others. Mexican 
wavelet was examined for olfaction of lotus flower and cheese 
on delta, theta, alpha, beta and whole bands in detail. The 
calculations for considered bands were implemented and the 
results for the both eyes conditions are given in Table 1 and 
Table 2. 
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TABLE III. MEXICAN WAVELET CLASSIFICATION AT EYES OPEN CONDITION 
OF SUBJECTS 

Subject Delta Theta Alpha Beta Whole 
1 100.00 100.00 100.00 100.00 100.00 
2 100.00 100.00 100.00 100.00 100.00 
3 72.75 95.45 81.82 77.27 86.36 
4 80.00 88.00 80.00 88.00 96.00 
5 81.25 100.00 93.75 81.25 93.75 

Avg. 86.80 96.69 91.12 89.31 95.22 
 

According to the results obtained from subjects in eyes 
open condition for Mexican wavelet, the highest CA was 
achieved as 100%  for Subject 1 and Subject 2 on delta, theta, 
alpha, beta and whole bands, for Subject 5 on theta band. The 
lowest CA with 72.75% was calculated for Subject 3 on delta 
band. It might be said that Subject 1 and Subject 2 have more 
effective sense of smell for olfaction of lotus flower and 
cheese under eyes open condition than the other examined 
bands. On the contrary, Subject 3 has a lower sense of smell 
than the rest of the subjects. 
 

TABLE VI. MEXICAN WAVELET CLASSIFICATION AT EYES CLOSED 
CONDITION OF SUBJECTS 

Subject Delta Theta Alpha Beta Whole 
1 78.95 68.42 52.63 63.16 89.47 
2 94.74 100.00 100.00 100.00 100.00 
3 78.95 57.89 78.95 100.00 63.16 
4 95.00 95.00 100.00 95.00 95.00 
5 47.62 61.90 61.90 71.43 80.95 

Avg. 79.05 76.64 78.70 85.91 85.72 
     

According to the results obtained from subjects in eyes 
closed condition for Mexican wavelet, the highest accuracy 
was achieved as 100% for Subject 2 on theta, alpha, beta, 
whole bands, for Subject 3 on beta band and for Subject 4 on 
alpha band. The lowest CA was calculated as 47.62% for 
Subject 5 on delta band. It might be said that Subject 2 has 
more effective sense of smell for olfaction of lotus flower and 
cheese under eyes closed condition than the rest of the 
subjects. On the contrary, Subject 5 has a lower sense of smell 
than the rest of the subjects. 

IV. CONLUSION AND DISCUSSION 
In this study, EEG trials recorded during smelling of cheese 

and lotus flower odors were classified based on the features 
extracted using various types of wavelets on delta, theta, alpha, 
beta and whole band of the signals. In terms of the average of 
CA, the Mexican wavelet features provided the highest 
performances for the both eyes conditions. They were 
calculated for the eyes open and eyes closed conditions as 
98.29% and 94.09% respectively. It is worthwhile to mention 
that with the usage of Mexican wavelet, the highest CA was 
calculated on theta band as 96.69% and on beta band as 
85.91% under eyes open and eyes closed conditions, 
respectively. Nevertheless, the lowest CA was calculated on 
delta band as 86.80% and on theta band as 76.74% under eyes 
open and eyes closed conditions, respectively. 

For the both eyes conditions, 100% of classification 
accuracy was obtained for three subjects. While previous 

studies which used the same data set proposed subject-specific 
feature extraction and classification method, in this study the 
proposed method can be applied to all subjects in both eyes 
conditions with higher classification accuracy. Finally, we 
believe that the proposed study could greatly contribute to the 
EEG-based olfactory recognition and it could help to quantify 
olfactory loss for clinical purposes. 

ACKNOWLEDGMENT  
The authors would like to thank the Swiss Federal Institute 

of Technology, Switzerland for providing the data set.  

REFERENCES 
[1] G. Placidi, D. Avola, A. Petracca , F. Sgallari and M, Spezialetti,” Basis 

for the implementation of an EEG-based single-trial binary brain 
computer interface through the disgust produced by remembering 
unpleasant odors  ”, Neurocomputing ,160,308–318, February  2015. 

[2] T. S. Lorig,” The application of electroencephalographic techniques to 
the study of human olfaction: a review and tutorial”, International 
Journal of Psychophysiology, 36(2), 91-104, 2000. 

[3] Ö. Aydemir, ve T. Kay kç o lu, “EEG Tabanl  Beyin Bilgisayar 
Arayüzleri”, Akademik Bili im 2009, anl urfa, Bildiriler Kitab , 7-13, 
2009.  

[4] A. Tromelina, ”Odour perception: A review of an intricate signalling 
pathway ”, Flavour and Fragrance Journal ,31, 107–119,2015. 

[5] L. L. Mascaraque, J. L.Trejo, “From the  nose to the brain: Olfaction and 
Neuroscience” , The  Anatomical Record ,296(9), 1285–1286, 2013. 

[6] W. J. Freeman, & G. V. Di Prisco, ” EEG spatial pattern differences 
with discriminated odors manifest chaotic and limit cycle attractors in 
olfactory bulb of rabbits”, In Brain theory (pp. 97-119). Springer Berlin 
Heidelberg, 1986. 

[7] K. A. Grajski, L. Breiman, G. V. D. Prisco, & W. J. Freeman, 
“Classification of EEG spatial patterns with a tree-structured 
methodology: CART ”,Biomedical Engineering, IEEE Transactions on, 
(12), 1076-1086, 1986. 

[8] W. J. Freeman, “Simulation of chaotic EEG patterns with a dynamic 
model of the olfactory system. Biological cybernetics”, 56(2-3), 139-
150, 1987. 

[9] J. M. Barrie, W. J. Freeman & M. D. Lenhart, “ Spatiotemporal analysis 
of prepyriform, visual, auditory, and somesthetic surface EEGs in 
trained rabbits”, Journal of Neurophysiology, 76(1), 520-539, 1966. 

[10] M. W. Ho, W. Ser, B. F. Sieow, M. O. Lwin & K. F. Kwok, “A study of 
EEG signals modeling for different scent intensity levels” In Neural 
Engineering (NER), 2013 6th International IEEE/EMBS Conference on 
(pp. 1445-1448). IEEE, November 2013. 

[11] G. Placidi, A. Petracca, M. Spezialetti & D. Iacoviello “Classification 
strategies for a single-trial binary Brain Computer Interface based on 
remembering unpleasant odors”, In Engineering in Medicine and 
Biology Society (EMBC), 2015 37th Annual International Conference of 
the IEEE (pp. 7019-7022). IEEE, August 2015. 

[12] E. Kroupi, A. Yazdani, J. M. Vesin & T. Ebrahimi, “ EEG correlates of 
pleasant and unpleasant odor perception “, ACM Transactions on 
Multimedia Computing, Communications, and Applications (TOMM), 
11(1s), 13, 2014. 

[13] S. Sankar, S. S. Naira, V. S. Dharana, P. Sankarana, “Wavelet sub band 
entropy based feature extraction method for BCI”, International 
Conference on Information and Communication Technologies (ICICT 
2014), Procedia Computer Science ,46,1476 – 1482,2015. 

[14] O. Faust, U. R. Acharya, H. Adeli & A. Adeli, “Wavelet-based EEG 
processing for computer-aided seizure detection and epilepsy diagnosis” 
Seizure,26,56-64,2015.  

[15] O.A. Rosso, M.T. Martin, A. Plastino, “Brain electrical activity analysis 
using wavelet-based informational tools”, Physica A, 313 , 587 – 
608,2002.

 

Authorized licensed use limited to: Recep Tayyip Erdogan Universitesi. Downloaded on June 06,2022 at 08:41:14 UTC from IEEE Xplore.  Restrictions apply. 



<<
  /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 false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /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 "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


