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Abstract—In this paper, an effort has been made to explore the 
usefulness of DP (Degree of Polymerization) of cellulosic 
insulation paper (CIP) to monitor the condition of the 
transformer. The residual life of CIP of the oil-immerged power 
transformer is determined by detecting the content of dissolved 
carbon oxide and 2-FAL gases in oil. The proposed work employs 
Fuzzy Inference System (FIS), which offers preeminent response 
for calculating extent of degradation of the CIP. Using the FIS 
the final condition of CIP is categorized as AI (Acceptable 
Insulation), MD (Moderate Deterioration), ED (Extensive 
Deterioration) and UR (Urgent Replacement) from correlation 
between accumulated values of 2-FAL, CO and CO2 with DP. 
Furthermore, the best fuzzy membership function has been 
obtained for the experimental test condition. Finally the results 
obtained shows that the proposed method accurately monitors 
the condition of CIP in the oil-immerged power transformers. 

Keywords—: Cellulose  Degree of Polymerization Oil-immerged 
transformers  

I.  INTRODUCTION 

 In today’s life, the uninterrupted supply of electricity to 
consumers is in close relation to the consistent function of the 
transformers. Thus, the major components of the transformers 
should be maintained to achieve its designed service life span 
[1]. The life of transformer relies on the life of their insulation 
system that undergoes a number of stresses, such as electrical, 
thermal, mechanical and environmental. The transformers are 
unable to operate for the designed service period [2], due to 
active participation of such stresses. It is therefore necessary 
for the utility to have continuous monitoring different 
insulations used in transformer. 
The transformer insulating system, primarily consisting of two 
special dielectric media; the insulating mineral oil whose ionic 
conduction varies and the oil impregnated paper (or 
pressboard), whose life is limited, even under ideal 
circumstances. The existence of transformer typically depends 
upon the health condition of its CIP. The fundamental element 
of pressboard and paper is cellulose, which is polymer of 
glucose wherein glucose units link to each other in a chain like 
structure. Chemically cellulose is represented as [C6H10O5]n, 
here ‘n’ refers to number of glucose units for each polymeric 
chain, more specifically Degree of Polymerization (DP); a 
significant factor of paper degradation. Thus the value of DP 
specifies the number of monomer unit in the polymer as 
cellulose is the linear polymer constituent of individual 
anhydrous glucose units associated with glucosidic bonds. It 
have been verified that there is direct relationship between 
mechanical tensile strength of the paper cellulose and the 

corresponding value of DP. Generally, a fresh cellulose paper 
has a DP value of 1200 which reduces slightly when subjected 
to stresses. The cellulose paper life comes to an end when the 
value of DP approaching to 200. 
The Kraft/Cellulose paper losses its tensile strength as it is 
subjected to ageing and, at some point, does not survive on the 
short circuit stresses. The mechanism involve in paper 
deterioration is quite difficult and sturdily influenced by the 
working environment. Degradation of solid insulation occurs 
due to schism of the 1, 4-glycoside bonds among two 
consecutive glucose monomers present in it. As a result of 
these chain scissions, the DP gets reduced that ultimately 
lowers the mechanical tensile strength of the paper. During 
ageing, cellulose is decomposed into various substances 
including furanic compounds, acids, CO2 and CO. These by-
products are partially soluble in oil and are generally 
characterized as indicators for cellulose ageing and hence 
show the end of life of power transformers.  
Several authors contributed their research towards 
deterioration of cellulose under moisture and thermal stress to 
enunciate the end of life of power transformers using Degree 
of Polymerization (DP) as a failure index. A mutual stress 
failure model was developed to perform a chain of thermal 
aging experiment on kraft paper of power transformer on a 
laboratory scale [3].Diagnostic and health monitoring 
approaches based on the value of the ratio of carbon dioxide 
and carbon Monoxide (i.e. CO2/CO) gases were also 
investigated in [4]. Soft computing techniques like Neural 
Network (NN), Fuzzy Logic (FL), Neural Fuzzy System, 
Support Vector Machine (SVM) and Wavelet Network 
[5][6][7]were applied to assess the health condition of CIP. 
These models used carbon oxide gases to evaluate the 
degradation of paper cellulose. The main objective of this 
work is to monitor the condition of CIP using the fuzzy model 
that correlate the concentrations of CO, CO2 and 2-FAL with 
the value of Degree of Polymerization (DP). Input to the 
developed FIS is 2-FAL, CO2 and CO and output is the value 
of DP which ultimately decides the residual life of 
transformers.  

II. FUZZY LOGIC BASED TECHNOLOGY

The necessary interpretation of transformer health in terms of 
its deteriorating insulation can be suitably analyzed through 
Fuzzy-Logic modeling. The Fuzzy-Logic based transformer 
condition monitoring codifies the knowledge dependent 
diagnosis that helps to prepare an improved health estimation 



to assure transformer consistency, accessibility and 
maintainability. 
The main objective of Fuzzy-Logic model for condition 
monitoring of oil-immerged transformer is to meet following 
criterion: 

• Significant deterioration measurement with specified
transformer condition.

• Importance of the parameters used to decide the state
of the transformer.

• Suitable range of choice of the measured quantity
that comprised of any ambiguity allied with the
measurement.

Proposed Fuzzy Inference System (FIS) is developed using 
GUI tool provided in MATLAB. All inputs are fuzzified into 
different sets (very low to high) of membership functions. The 
Fuzzy-Logic based transformers insulation analysis process 
characterizes a set of rules for transformer health diagnosis 
mapping fuzzified input to fuzzified output.  

A. Membership Functions 

The curves which characterize how all the position in space 
(input) is plotted to a membership value (membership degree) 
between 0 and 1 are called membership functions of a fuzzy 
set. The input space, for a while is said to as the universe of 
discourse. The function might be any random curvature whose 
outline can be characterized as the function that outfits with 
the point of view of simplicity, efficiency and convenience. 

Fig.1  Membership Function of a Fuzzy Set. 

The classical set may be given as 
A={x | x > 7}                                                                          (1)                 
A Fuzzy set is an expansion of the classical set. If Z is the 
universe of discourse whose elements are denoted by z, then a 
Fuzzy set A in Z is defined as a set of ordered pairs. 

A={z, A(z)|z  Z}                 (2) 

A(z) is stated as the membership function of z in A. 
Membership function assigns every component of Z to a 
membership value between 0 and 1.  

In this work, the Fuzzy models based on different membership 
functions are prepared mainly to check the status condition of 
the transformer using the value of DP. Following set of 
equations defined the various types of membership functions 
used in the fuzzy models.  

(i) y = trapmf (x; a, b, c, d), i.e. the trapezoidal 
membership curve is the function of vector x, that depends on 
the four parameters a, b, c and d which is given as 

ƒ(x;a,b,c,d)    (3) 

Or, more efficiently by 

ƒ(x;a,b,c,d) =          (4) 

The parameters ‘a’ and ‘d’ shows the "feet" of trapezoid while 
parameters ‘b’ and ‘c’ represent the "shoulders." 

(ii) y = trimf(x,[a b c]), the triangular membership curve 
is the function of vector x, that depends on the parameters a, b, 
and c, given as  

(5) 

or, more efficiently by 

f(x; a, b, c) = (6) 

The parameters ‘a’ and ‘c’ shows the "feet" of triangle while 
parameter ‘b’ represents the "peak." 

(iii) y = gauss2mf(x,{sig1 c1 sig2 c2}), The Gaussian 
membership curve depends on the parameters sig and c given 
as 

(7) 
The gauss2mf function is the combination of the two 
parameters stated above. The first one, specified by sig1 and 
c1, find out the contour of left most curve. The second one 
specified by sig2 and c2 gives the contour of the right most 
curves.  

(iv) y = gbellmf(x, params), The gbell membership curve 
depends on parameters a, b, and c given as 



(8) 

Here the parameter ‘b’ is taken positive, while the parameter 
‘c’ is the center of curve.  

B. Fuzzy Rules 
Fuzzy inference system is constructed through the set of 
linguistic rules. It is developed by “IF-THEN” type rules 
prepared by a set of knowledge based linguistic rules, called 
implication, plotted in X-Y surface [8]. The FL so developed 
is an appropriate way of mapping the input-output space. It 
gives mathematical strength to the emulation of some 
perceptual and linguistic attributes connected to human 
cognition. The principle of fuzzy system offers an inference 
mechanism under cognitive uncertainty.  

The Fuzzy rules are formed with the help of existing 
relation between carbon oxide gases, 2-FAL and DP [3]. These 
data are obtained on a laboratory scale through a series of 
accelerated thermal aging experiment performed on 
transformer oil impregnated cellulose grade kraft paper.  

C. Defuzzification 
Defuzzification is the method to bring out the desired result in 
crisp logic. It is most widely applied using centre-of-gravity 
principle on account of weighted mean of Fuzzy region [9]. 
The required output  is obtained using the formula given 
below:  

(9) 

Where c(z), representing the membership function of the 
output variable. 

In this work, the defuzzification procedure gives the crisp 
value of DP at the output that basically predicts the condition 
of paper insulation. From this value the status of insulation is 
inferred as per predefined range in output membership 
function and these ranges and corresponding conditions are 
mentioned in Table 1. 

III. PROPOSED SCHEME FOR HEALTH MONITORING OF PAPER
INSULATION IN OIL IMMERSED TRANSFORMER 

In this work, an FIS model is shaped, to correlate the 
concentrations of CO, CO2 and 2-FAL (in ppm) with the value 
of DP. These carbon oxide gases and 2-FAL released due to 
thermal degradation of the kraft paper point out the amount of 
ageing and hence decide end of life of the paper insulation 
after reaching agreed preventive values. The experimental data 
is used for verification of developed FIS. Further, the same 
experimental data set is used to evaluate the performance of 
the FIS using different membership functions (MF) that 
helped to choose the best MF for the application. The system’s 
end result was found to be in fine agreement with input 
parameters. 

In [3] it is revealed that DP is having definite relation with 
CO2, CO and 2-FAL. The concentration (ppm) ranges of input 
gases and DP with respect to each linguistic variable are 
decided as per IEEE C57.104 standard and the experimental 
data. 
Complete experimental range of DP is divided into four status 
conditions: Acceptable Insulation, Moderate Deterioration 
(Significant Concern), Extensive Deterioration (Exceedingly 
Investigable) and End of life (Urgent Replacement) to evaluate 
the paper deterioration using DP as a failure index. The 
condition of CIP based on the collected values of 2-FAL, CO 
and CO2 is stated as per the  IEEE Standard C57.104™ Guide 
of interpretation of gases dissolved in oil-immerged 
transformers [10]. To each status state, the ranges of 2-FAL, 
CO and CO2 in ppm are specified in Table I:  

TABLE I. DP VALUE BASED ON 2-FAL, CO2 AND CO 

A. Inputs and output of fuzzy expert system 
The available experimental data of 2-FAL, CO2 and CO are 
fuzzified using membership functions. In fuzzification 
process, four linguistic variables(very low, low, moderate and 
high) are considered for each input. Expert rules are so formed 
that it correlates the different input linguistic variables, 
assigned to different input gas concentrations, to different 
output linguistic variables, assigned to DP values, to represent 
the CIP health status. Further, different membership functions 
(trapezoidal, triangular, Gaussian) are tried to find out best MF 
for the considered application. 

a) Design of Membership Functions

In MFs, ranges for input and output variable corresponding to 
consider linguistic variables are decided as per IEEE standard 
C57.104 and experimental data [3]. 

(i) Membership functions of 2-FAL: The 2-FAL is 
considered to be the most significant factor to evaluate the 
condition of CIP because it directly affects the solid insulation 
degradation and consequently the end of life of a power 
transformer. The internal winding temperature and moisture in 
the solid insulation are main factor for the growth of 2-FAL in 
the transformer oil. The 2-FAL fuzzified in accordance with 
four linguistic conditions (very low, low, moderate and high). 
Very low linguistic variable corresponds to 2-FAL level 

2-FAL CO2 CO DP Condition 

A1=0-0.1 B1=0-2500 C1 = 0-350 1200-700 

Healthy 
Transformer/ 
Acceptable 
Insulation 

A2=0.1-1 B2 = 2500-
4000 

C2=350-
570 700-450 

Moderate 
Deterioration/ 

Significant Concern 

A3=1-10 B3=4000-
10000 

C3 = 570-
1400 450-250 

Extensive 
Deterioration/ 
Exceedingly 
Investigable 

A4 10 B4 10000 C4 1400 <250 End of Life/ Urgent 
Replacement 



between 0-0.1 ppm, low corresponds to the 2-FAL level 
between 0.1-1 ppm, moderate represents the 2-FAL level 
between 1-10 ppm and high represent the 2-FAL level 
exceeding 10 ppm [3].  

(ii) Membership functions for CO2: The evolution of CO2 
in the transformer oil due to thermal degradation of solid 
insulation also plays a significant role in an attempt to 
harness the transformer’s insulation and hence its life. The 
concentration of CO2is fuzzified using four linguistic 
conditions (very low, low, moderate and high).The value of 
CO2 lies between 0 ppm – 2500 ppm for very low, 2500 ppm 
– 4000 ppm for low, 4000 ppm 10000 ppm for moderate and
exceeds 10000 for high [10].  

(iii) Membership functions for CO: CO is another 
important factor affecting the transformer health and is 
produced through oxidation of cellulose insulation. The 
CO2/CO ratio for the transformers having healthy cellulose 
insulation should be between 3 and 11. If DGA results show 
the value of CO2/CO ratio less than 3, then it is serious 
concern about transformer as its solid insulation is damaging 
rapidly. The CO content was also estimated according to four 
linguistic conditions (very low, low, moderate and high).The 
value of CO lies between 0 ppm – 350 ppm for very low, 350 
ppm- 570 ppm for low, 570 ppm -1400 ppm corresponds to 
moderate range whereas for high it exceeds 1400 ppm [10].  

(iv) Membership functions for the DP (output): The CIP 
health of the transformer as represented value of DP. The 
whole range of DP is divided into four linguistic conditions: 
Acceptable Insulation (AI), Moderate Deterioration (MD), 
Extensive Deterioration (ED), Urgent replacement (UR). The 
AI membership functions hold the value from 1200 to 700. 
The membership functions for the MD covers the value from 
700 to 450; ED covers the DP value from 450 to 250 while 
UR satisfies with the value less than 250.  

b) Expert Rules

Four expert rules have been formed for the proposed model 
to estimate the value of DP which decides the transformer 
health. The different combinations of 2-Furfuraldehyde 
content along with CO2 and CO decide the current status of 
the oil filled transformers based on the values of DP. When 
the value of 2-FAL and carbon oxide gases is very low 
then the DP value of insulation paper is above 1200 which 
correspond to a healthy transformer. As the evolution of 
carbon oxide gases increases along with 2-FAL, there is a 
significant amount of deterioration of insulation paper 
corresponding to DP in the range of 700-450. As the 
transformer insulation further deteriorates, the 
corresponding values of 2-FAL and carbon oxide gases 
further increases. The DP value decreases between 450-
250. When the value of DP decreases less than 250, there is 
exponential rise in carbon oxide gases and 2-FAL as well. 
It signifies the end of life of insulation.   The expert rules 
have been listed in the Table II. 

TABLE II. FUZZY LOGIC RULES 

Various membership functions such as trapezoidal, triangular 
and Gaussian were used to fuzzify the input and to defuzzify 
the output variables. It is found that trapezoidal membership 
function gives best performance satisfying the suitable range 
as to the IEEE standard. The performance of the proposed FIS 
is also evaluated using different types of input and output 
membership functions. 

IV. RESULTS AND DISCUSSION

The developed FIS provides the physical state of CIP in terms 
of DP value. The states of insulation corresponding to DP 
values are listed in Table I.  

TABLE III. TEST RESULT OF VARIOUS SAMPLES USING FUZZY LOGIC 

2-
FAL 

CO2 CO DP 

trap gbell gauss gauss2 tri 

3 5315 662 362 378 382 375 375 

0.5 3089 405 606 634 661 617 636 

0.05 1936 97 986 988 937 966 938 

5 5004 935 363 375 375 375 375 

0 229 10 978 976 879 906 901 

0.1 2500 350 462 456 427 426 428 

6 7800 1050 350 366 370 363 363 

0.08 1600 145 988 992 998 998 990 

0.2 2600 360 495 510 526 519 498 

15 12000 1650 116 110 98 96 114 

0.06 218 34 1044 1042 998 996  1035 

1.72 4150 592 380 368 370 370 375 

0.09 877 98 797 824 800 815 810 

3.85 4465 1062 280 265 275 279 272 

14.17 16500 1750 119 110 114 112 116 

Table III shows the test results of developed fuzzy based 
transformer health monitoring model using different 
membership functions. The test results shown in Table III, 

Rule 

No. 

Rules 

1 

If 2-FAL is very low, CO2 is very low, CO is very low; the 

value of DP refers Acceptable Insulation (AI) 

2 

If 2-FAL is low, CO2 is low, CO is low; the value of DP 

refers Moderately Deteriorated (MD) insulation 

3 

If 2-FAL is moderate, CO2 moderate and CO is moderate;  

the value of DP refers Extensively Deteriorated (ED) 

insulation 

4 If 2-FAL is high, CO2 is high, CO is high then the value of 

DP refers Urgent Replacement (UR) of insulation 



considered input data points cover all possible combinations as 
per considered linguistic variables for different inputs. The 
output of the model gives the crisp value of the DP which can 
be used to detect the transformer paper insulation condition. 
Hence at the output of the fuzzy models, the status of CIP of 
the transformer is obtained. For high values of 2-FAL and 
carbon oxide gases, the DP values for developed fuzzy models 
are in the range of less than 250 which demands urgent 
replacement of the transformer. Likewise the DP values for 
other status conditions are also shown in Table III. The value 
of DP associated with each of the status condition is not only in 
the agreement with the IEEE standard but also in accordance 
with the obtained experimental results. 

TABLE IV. DEVIATION IN THE VALUE OF DP(FIS) W.R.T DP (EXPERIMENTAL) 

Table IV shows the comparison between experimental results 
reported in [3] and output of developed fuzzy model. The crisp 
value of DP obtained at the output of FIS is compared with 
experimentally obtained DP value. The deviation of FIS output 
is measured with respect to experimental DP and it is found 
that the CIP status obtained by fuzzy model built with 
trapezoidal membership function is closer to the experimental 
output besides being in agreement with IEEE standards. The 
insulation status predicted by other FIS also coincides with the 
IEEE standard. 

V. CONCLUSION 
In this work, existing correlation between 2-FAL, CO2 and CO 
with the value of DP is exploited to access the condition of 
CIP. This paper is an attempt to monitor the condition of CIP 
in oil-immerged transformers by means of Fuzzy based model. 
The model provides the status of the transformer insulation 
where DP is used as index of failure. The proposed model 
successfully predicts the value of DP on the basis of 
concentration of 2-FAL, CO2and CO gases in oil. Performance 
of the FIS is tested using different membership function. 
Results of the model are compared with experimental data and 
comparison shows that the predicted DP values with 
trapezoidal membership function are having minimum 
deviation from the experimental values of DP. The 
information obtained from the model can be used for condition 
based maintenance of oil-immerged power transformer and in 
order to enhance its useful operating life. 

REFERENCES 
[1] A. E. B. Abu-Elanien, M. M. A. Salama, and M. Ibrahim, “Calculation 

of a health index for oil-immersed transformers rated under 69 kV using 
fuzzy logic,” IEEE Trans. Power Deliv., vol. 27, no. 4, pp. 2029–2036, 
2012. 

[2] H. Malik, R. K. Jarial, A. Azeem, and A. K. Yadav, “Application of 
Modern Technology for Fault Diagnosis in Power Transformers Energy 
Management,” 2011 International Conference on Communication 
Systems and Network Technologies. pp. 376–381, 2011. 

[3] M. Mandlik and T. S. Ramu, “Moisture aided degradation of oil 
impregnated paper insulation in power transformers,” IEEE 
Transactions on Dielectrics and Electrical Insulation, vol. 21, no. 1. pp. 
186–193, 2014. 

[4] H. Malik, A. K. Yadav, S. Mishra, and T. Mehto, “Application of neuro-
fuzzy scheme to investigate the winding insulation paper deterioration in 
oil-immersed power transformer,” Int. J. Electr. Power Energy Syst., 
vol. 53, no. 1, pp. 256–271, 2013. 

[5] Shakeb A. Khan, Md. Danish Equbal and Tarikul Islam, “A 
Comprehensive Comparative Study of DGA BasedTransformer Fault 
Diagnosis Using Fuzzy Logic andANFIS Models”IEEE Transactions on 
Dielectrics and  Electrical Insulation, vol. 22, issue. 1, pp. 590-596,2015 

[6] S. A.Wani, U. Farooque, Shakeb A. Khan, D. Gupta and M. Ajmal, “ 
Fault Severity Determination in Transformers using Dissolved Gas 
Analysis (DGA)”, IEEE International Conference (INDICON), pp. 1-6, 
2015. 

[7] U. Farooque, S. A. Wani and Shakeb A. Khan, “Artificial Neural 
Network (ANN) Based Implementation of Duval Pentagon”, IEEE 
International Conference of Condition Assessment Techniques in 
Electrical Systems (CATCON),pp. 46-50. 2015. 

[8] M. Arshad, S. Islam, and A. Khaliq, “Fuzzy logic approach in power 
transformers management and decision making,” Dielectr. Electr. Insul. 
IEEE Trans., vol. 21, no. 5, pp. 2343–2354, 2014. 

[9] Shakeb A. khan, Md. Danish Equbal and T. Islam, “ANFIS Based 
Identification and Location of Paper Insulation Faults of an Oil 
Immersed Transformers”, 6th IEEE Power India International 
Conference (PIICON), pp. 1-6, 2014. 

[10] IEEE Guide for the Interpretation of Gases Generated in oil-Immersed 
Transformer, IEEE Stand C57.104-1992, 1992.  

[11] A. Abu-Siada, M. Arshad, and S. Islam, “Fuzzy logic approach to 
identify transformer criticality using dissolved gas analysis,” IEEE PES 
General Meeting, pp. 1–5, 2010. 

DP 
(Experimental) 

Deviation 

trap gbell gauss  gauss2 tri 

329 33 49 53 46 46 

570 36 64 91 47 66 

1055 69 67 118 89 117 

343 20 32 32 32 32 

1024 46 48 145 118 123 

484 22 28 57 58 56 

296 54 70 74 67 67 

965 23 27 33 33 25 

465 30 45 61 54 33 

146 30 36 48 50 32 

1150 106 108 152 154 115 

392 12 24 22 22 17 

727 70 97 73 88 83 

300 20 35 25 21 28 

152 33 42 38 40 36 



<<
  /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


