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Abstract—This paper proposes a new method for estimating 

frequency and harmonic parameters in power system. The 
method is based on recursive wavelet transform and uses the 
wavelet transform coefficients of voltage and current signals. The 
complex magnitudes contain the phasor information of interest 
needed to estimate the frequency and selective harmonic 
components.  This approach is capable of accurately estimating 
the frequency and selective harmonic parameter utilizing one 
cycle of an input signal. It features fast response and achieves 
high accuracy over a wide range of frequency variation. Effects 
of the sampling frequency and data window size on the algorithm 
performance are investigated. The two parameters can be 
selected to meet desirable applications requirements, such as fast 
response, high accuracy and low computational burden. 
Simulation results demonstrate that the proposed method 
achieves good performance. 
 

Index Terms—Frequency measurement, harmonic estimation, 
waveform distortion, recursive wavelet transform (RWT)  

I.  INTRODUCTION 
HE increasing use of power electronic devices and non-
linear loads causes harmonic pollutions and other high 

frequency contaminations in power system. The harmonics 
can cause undesirable effects such as overheating equipment, 
increasing losses, vibrating of rotating machines, misleading 
protective relay operation and producing interferences to 
communication devices [1]. The difficulty of tracking 
frequency in power networks has also grown more complex 
due to the harmonic contamination. Compensation techniques 
and corresponding devices have been developed to improve 
the power quality [2], [3]. It was learned that quickly and 
accurately estimating the frequency and harmonic components 
of an input signal may help better eliminating their effects on 
the power quality.  
 Discrete Fourier Transform (DFT) based methods have 
been extensively used as a spectral analysis tool for frequency 
and harmonic evaluation due to the low computational 
requirement [4], [5]. The methods achieve good performance 
when the signals are stable and the frequency components of 
interest are constant spanning the data window. However, the 
inherent limitation such as the spectral leakage, resolution and 
the implicit data window requirements in DFT approach 
causes errors when frequency deviates from the nominal value 
[6]. 
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To improve the performance of DFT based approaches, 
some adaptive methods based on feedback loop by tuning the 
sampling interval [7], adjusting data window length [8], 
changing the nominal frequency used in DFT iteratively [6], 
and correcting the gains of orthogonal filters recursively [9] 
are proposed. On the basis of stationary signal model, some 
non-linear curve fitting techniques, including extended 
Kalman filter [10] and recursive Least Squares algorithm [11], 
are adopted to estimate the power network frequency. The 
accuracy is only reached in a narrow range around nominal 
frequency due to the truncation of Taylor series expansions of 
nonlinear terms.  

Wavelet transform has been used to detect the power 
quality disturbances as the high frequencies associated with 
disturbances can be identified and localized in both time  and 
frequency domain using wavelet transform coefficients [12], 
[13]. The method performance varies based on the 
characteristics of different wavelets being utilized.  

The artificial intelligence techniques, such as genetic 
algorithm [14], [15], neural networks [16], [17], and fuzzy 
regression [18] have been used to achieve precise frequency 
estimation over a wide range and under harmonic 
contamination. Although better performance can be achieved 
by these optimization techniques, the implementation 
algorithm is more complex and computationally more 
intensive.  

Recursive wavelet approach was introduced in protective 
relaying for a long time [19], [20]. The improved model with 
single direction recursive equations is more suitable for the 
application to real-time signal processing [21]. The band 
energy of any center frequency can be extracted through 
recursive wavelet transform (RWT) with moderately low 
computation load.  

The paper presents a novel approach for frequency and 
harmonic estimation based on RWT. The frequency and 
harmonics of interest can be accurately estimated through 
iteration. The approach can respond in once cycle of a nominal 
frequency signal. The convergence characteristics associated 
with the sampling frequency and data window size are studied. 
It may be observed that the higher the sampling rate, the 
shorter the data window size the computation needs, and vice 
versa.  Analysis indicates that the computational burden is 
fairly low due to the recursive formulae. Performance test 
results including steady-state and dynamic cases demonstrate 
the advantages of the proposed method.  

The paper is organized as follows. Section II introduces 
characteristics of the recursive wavelet transform both in time 
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and frequency domain, and describes the frequency and 
harmonic estimation algorithm. The analysis of convergence 
and computation burden is presented in Section III. Section IV 
presents the details of performance evaluation. Conclusions 
are outlined at end. 

II.  FREQUENCY AND HARMONIC ESTIMATION 
In this section, the basics of recursive wavelet transform are 

briefly introduced. Then the derivation of the frequency and 
harmonic estimation algorithm are described in detail. 

A.  Recursive Wavelet Transform 
A mother wavelet function that satisfies the admissibility 

condition is expressed as follows [21]: 
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A set of wavelet functions can be derived from ψ(t) by dilating 
and shifting the mother wavelet, as given below: 
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where a and b are scaling (dilation) factor and time shifting 
(translation) factor, respectively.  

Its frequency domain expression obtained by Fourier 
transform is given in following expression: 
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Setting 3/2πσ = , πω 20 = makes the wavelet function 
ψ(t) admissible, i.e. 0|)( 0 =Ψ =ωω . 
 

 
Fig. 1 Time ψ(t) and frequency Ψ(ω) domain waveforms 

 
The wavelet is a complex function whose time and 

frequency domain expressions contain real and imaginary 
parts. Fig. 1 gives time and frequency domain waveforms of 
ψ(t) and Ψ(ω), respectively. The wavelet in frequency domain 
features a band-pass filter with the frequency-domain center 
ω* and band radius Δω of 2π rad and 1.38 rad. One of 
advantages of the wavelet transform is that the quality factor 
Q, defined as the ratio of frequency center ω* and bandwidth 
2Δω, stays constant as the observation scale varies. For Ψ(ω), 
Q =ω*/2Δω = 2.27. The complex wavelet exhibits good time-
frequency localization characteristics. Its time-frequency 
window area S defined as a product of time window width 2Δt 
and frequency band width 2Δω is 2.23 rad·s. 

According to the definition of wavelet transform, the 
coefficient in scale a for a given signal x(t) can be expressed 
as: 
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Through mathematical derivations, we obtain the recursive 
expression for discretely computing the wavelet transform 
coefficients: 
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where ΔT is the sampling period, n and k are integers. Other 
constant parameters are given in the Appendix.  

In recursive formula (1), f represents the observing center 
frequency which is reciprocal to the scale factor a. Applying f 
= f0 to (1) the frequency band energy centered in f0 can be 
extracted. The wavelet transform coefficients can be 
calculated recursively using the historical and current data. 
Comparing with the WT in [12], [13] and the RWT in [19], 
[20], this formula requires less computation load. 

B.  Frequency and Harmonic Estimation Algorithm 
The recursive wavelet features a complex wavelet whose 

wavelet transform coefficients (real part and imaginary part) 
contain both phase and magnitude information of the input 
signal, based on which the algorithm for estimating the power 
system frequency and harmonic parameters is derived as 
follows. Let us consider a discrete input signal that contains 
Mth order harmonics: 
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where fm, Am and φm represent the frequency, amplitude and 
phase angle of mth order harmonic, respectively. Denote the 
absolute phase angle of the mth order harmonic at sample n as

mmm Tnfn ϕπθ +Δ⋅= 2)( . For simplicity, the sampling 
period ΔT is neglected when expressing variables for the rest 
of the paper. 
 Applying RWT in scale a using (1) the input signal x(n) can 
be represented in time-frequency domain. As derived in 
Appendix we have following expression: 
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From equation (3) one can see that the wavelet transform 
coefficient Wx(n) contains information of input signal in both 
cosine form and sine form, denoted as c

mx and s
mx in equation 

(4a) and (4b) respectively, multiplied by weighting factors, 
denoted as c

mu and s
mu in equation (5a) and (5b) respectively. 
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 Let mf
~

 represent the initial estimate of frequency variable, 
and let us approximate equation (5a) with the first order 
Taylor expansion. That results in: 
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c
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mu respectively. Then above equation can be rewritten as 

follows: 
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Following the same procedures we can rewrite equation (5b) 
as follows:

 
m

s
m

s
mm

s
m fuukfau Δ⋅+= 1~~),,(

 

QTalflTau
akl

m
s

m ⋅ΔΔ= ∑
=

0

/

21 )~2cos(2~ ππ                      (6b) 

Then the equation (3) can be expressed as follows: 
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where m
c
m
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After applying RWT to x(n) in a series of scales a1, a2, …, 
a4M we obtain a series of coefficients w1, w2, …, w4M that can 
be expressed in (7a). Rewrite those equations in matrix form: 
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 At sample k the matrix can be represented in vector form:  
)(~)(~)( kXkUkW ⋅=                                                        (7b)

 In (6b) the wavelet coefficient W(k) can be calculated using 
recursive equation (1). For weighting factor )(~ kU , it can be 

calculated with estimated frequency mf
~

using equations (5a-b) 
and (6a-b). Solving equation (7b) we obtain vector variable

)(~ kX . Then we can derive the following formula for Δfm: 
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 After that, we estimate the frequency adjustment, update 
frequency with mm ff Δ+~

 and iterate the above approximation 

procedures until either the frequency change reaches the cutoff 
value, for example ε = 0.01 Hz, or a maximum number of 
iterations denoted as L is performed. As a result, the actual 
frequency can be estimated at the last iteration. Then, the 
amplitude Am and phase angle φm can be estimated by the 
following equations:  
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C.  Implementation Procedure 
The following procedure summarizes the implementation 

flow of the frequency and harmonic estimation algorithm: 
1) Calculate wavelet transform coefficients W(k) of input 
signal using (1) in pre-selected scale factors a1, a2, …, a4M. 
2) Initialize frequency estimates with 0

~ fmfm ⋅=  and start 
iteration. 
3) Compute weighting factors )(~ kU using (5a-b) and (6a-b).  

4) Estimate )(~ kX  by solving (7b). Then Δfm can be calculated 

using (8a) and update frequency with mm ff Δ+~
 . 

5) Repeat steps c and d until either |Δfm| < є or a maximum 
number of iterations is reached. 
6) Estimate the amplitude and phase angle parameters of 
selected harmonics using (8b) and (8c). 

Generally we choose m multiples of nominal frequency (i.e. 
f0 = 60 Hz, m represents the order of harmonics) as initial 
estimate to start iterations. To achieve high accuracy, scale 
factors [a1, a2… a4M] are required to cover all the frequency 
components of the signal being analyzed. Therefore, we select 
am = 1 / (f0 + (4m-1)*f0/ 4). Extensive simulations show that 
proposed algorithm can converge to the real value within three 
iterations. It should be noted that if only some harmonic 
components are of interest, i.e. only f1, f3 and f5 are taken into 
iteration loop, the dimension of scale factors and weighting 
matrix will be reduced to eight. Apparently if input signal only 
contains the fundamental frequency component the solved 
variables c

mx and s
mx  (2 ≤ m≤ M) will be some numbers close 

to zero, and then the parameters of those harmonics are 
meaningless. 

III.  ANALYSIS OF CONVERGENCE CHARACTERISTIC 
The sampling frequency and window span may affect the 

convergence characteristic because of two factors. One is that 
these formulae are derived based on the assumption that the 
error resulting from the discrete computation is negligible. 
Another is the error introduced by the inherent settling process 
in recursive equations. To analyze the convergence 
characteristic, we define the window size ls as the cycle of the 
nominal frequency, which is independent of the signal 
sampling frequency fs defined as N times of nominal 
frequency f0 in Hz. Apparently ls and fs determine the number 
of samples Ns within a data window, i.e. Ns= ls·fs/ f0 = ls·N. 
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Total vector error (TVE) is used to measure the accuracy of 
selective harmonic component [22]. 

The signal model in (2) is used for the algorithm 
convergence analysis. In (2) we let f1 = 60 Hz and M = 5, that 
is the fundamental frequency component contained in signal is 
60 Hz and the frequency of harmonic noise is up to 300 Hz. 
Analysis results are given in Fig. 2, in which dot represents the 
convergence while “x” denotes divergence. Results indicate 
that the algorithm converges in one cycle if the sampling rate 
is 14 samples per cycle or higher. The window size can be 
shortened to a half cycle when the sampling frequency is 26 
samples per cycle or higher. In practice various noise levels 
introduced by instrumentation and other interference sources, 
and the non-stationary frame of input signals may affect the 
algorithm convergence. Thus we select one cycle as the size of 
algorithm window. Simulation performed in the following 
section show that for many cases the estimation method can 
converge in three iterations.   

 
Fig. 2 Convergence analysis results 

 
 For implementation, let us only consider the computational 
burden of the proposed algorithm. If we use 1.2 kHz sampling 
frequency and one cycle data window (the case performed in 
convergence analysis) for estimating five harmonic 
components it approximately requires 6672 multiplications 
and 6444 summations, in which 124*(2M+2) = 1488 
multiplications and 105*(2M+2) = 1260 summations for 
computing RWT coefficients W2M+2(12) (where M=5), and 
3*(2M+2)3 =5184 multiplications and summations for matrix 
inverse computation when three iterations are performed. 
Weighting matrix U(12) with various scales and frequencies 
can be calculated and stored in advance and can be accessed 
very fast using a table look-up method. Some mathematical 
techniques such as Chelosky method can be adopted to 
simplify the matrix computation. Then, the computation 
burden can be noticeably reduced to 124*(2M+2) + 
3*(2M+2)2 = 1920 multiplications and 105*(2M+2) 
+3*(2M+2)2 = 1692 summations. Based on the analysis one 
can see that the total computational burden is fairly low. The 
proposed method, hence, can be used for on-line frequency 
and harmonic analysis applications. 

IV.  PERFORMANCE EVALUATION 
In this section, performance of the proposed estimation 

algorithm is fully evaluated with static and dynamic signals.  
A stationary signal model containing harmonics and noise is 
used and the performance is verified in a wide range of 
frequency deviation. Frequency ramps are considered as a 

dynamic condition to evaluate the capability of the algorithm 
to follow the input signals. All tests are performed with the 
sampling rate N = 100 samples per cycle, i.e. fs = 6 kHz, and 
data window size ls = 1 cycle. 

The signal model containing (1st, 2nd and 3th) harmonics and 
1% white noise is given as follows, where e(n) represents the 
zero-mean Gaussian noise. Let A = 1 p.u., φ = 5º.The 
fundamental frequency f1 varies over a wide range from 55 Hz 
to 65 Hz in 0.2 Hz steps. Fundamental frequency error and 
total vector errors of harmonic components are estimated as 
shown in Fig. 3 and Fig. 4 respectively. Results show a very 
good accuracy in the presence of harmonics and noise. 
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Fig. 3 Fundamental frequency error  

 

 
Fig. 4 Total vector error of harmonic components 

 

 
Fig. 5 Frequency ramp test results 

 
The following synthesized sinusoidal signal with a 

frequency ramp is used to perform the frequency ramp tests. 
1% white noise is added as well. 

)())(2cos()( 2 neTndfTnfAnx ++Δ⋅⋅+Δ⋅⋅⋅= ϕππ  

df is the frequency ramp rate. Both positive ramp +1 Hz / sec 
and negative ramp -1 Hz/ sec are tested. For positive ramp the 
frequency of the input signal changes from 60 Hz to 61 Hz in 
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one second while for negative ramp it changes from 60 Hz to 
59 Hz in one second. Results in Fig. 5 show that the outputs 
follow the inputs very accurately. 

V.  CONCLUSIONS 
This paper proposes a new method allowing on-line 

analyzing of power system harmonic components while 
accurately tracking frequency based on recursive wavelet 
transform. The algorithm features rapid response and accurate 
result over a wide range of frequency variation. It uses one 
cycle of input signals for outputting frequency and harmonic 
parameters for a signal contaminated with harmonics. 
Analysis of the algorithm convergence characteristics 
indicates that the higher the sampling rate, the shorter the 
computational data window and faster the rate the method 
outputs results, and vice versa. In practice one cycle window 
span is used to eliminate the impact of instrumentation noise 
on the performance. Computational burden analysis indicates 
that the computation requirement is fairly low. The 
performance of the proposed algorithm is evaluated using both 
static and dynamic signal models. Results demonstrate the 
advantages of the proposed method.  

VI.  APPENDIX 
The constant parameters in (1) are given as: 
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The RWT coefficient of a given signal x(n) is expressed as: 
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Expand the cosine part and rearrange the equation we obtain, 

∑∑
==

⋅+⋅=
M

m

s
mm

s
m

M

m

c
mm

c
mnx kxkfaukxkfaukaW

11
)( )(),,()(),,(),(

where 

∑
=

+Δ=
M

m
mmm

c
m TkfAkx

1

)2cos()( ϕπ                                (4a)
 

∑
=

+Δ=
M

m
mmm

s
m TkfAkx

1

)2sin()( ϕπ                                 (4b)
 

QTlaf
a
Tkfau

akl
mm

c
m ∑

=

⋅Δ⋅⋅Δ=
0

/

)2cos(),,( π                   (5a)
 

∑
=

⋅Δ⋅⋅Δ=
0

/

)2sin(),,(
akl

mm
s
m QTlaf

a
Tkfau π                  (5b) 

 

TljeTlTlTlQ Δ⋅−⋅Δ+Δ+Δ= )(3
3

2
2

0])(
3

)(
2

)(
2

[ ωσσσσ  

VII.  REFERENCES 
[1] T. H. Ortmeyer, K. R. Chakravarthi, A. A. Mahoud, “The Effects of 

Power System Harmonics on Power System Equipment and Loads,” 
IEEE Trans. On Apparatus and Systems, Vol. PAS-104, No. 9, pp. 
2555-2563, September 1985. 

[2] H. Akagi, “New Trends in Active Filters for Power Conditioning,” IEEE 
Trans. on Industry Applications, Vol. 32, No. 6, pp. 1312-1322, 
November/December, 1996. 

[3] H. Fujita, H. Akagi, “The Unified Power Quality Conditioner: The 
Integration of Series and Shunt Active Filters,” IEEE Trans. on Power 
Electronics, Vol. 13, No. 2, pp. 315-322, March 1998. 

[4] A. G. Phadke, J. S. Thorp, M. G. Adamiak, “A New Measurement 
Technique for Tracking Voltage Phasors, Local System Frequency and 
Rate of Change of Frequency,” IEEE Trans. Power Apparatus and 
System, Vol. PAS-102, No. 5, pp. 1025-1038, May 1983. 

[5] M. M. Begovic, P. M. Djuric, S. Dunlap, A. G. Phadke, “Frequency 
Tracking in Power System Network in the Presence of Harmonics, IEEE 
Trans. Power Delivery, Vol. 8, No. 2, pp.480-486, 1993. 

[6] T. S. Sidhu, M. S. Sachdev, “An Iterative Technique for Fast and 
Accurate Measurement of Power System Frequency,” IEEE Trans. On 
Power Delivery, Vol 13, No. 1, pp. 109-115, 1998. 

[7] G. Benmouyal, “An Adaptive Sampling Interval Generator for Digital 
Relaying,” IEEE Trans On Power Delivery, Vol 4, No. 3, pp. 1602-
1609, 1989. 

[8] D. Hart, D. Novosel, Y. Hu, B. Smith, M. Egolf, “A New Frequency 
Tracking and Phasor Estimation Algorithm for Generator Protection,” 
IEEE Trans. On Power Delivery, Vol. 12, No. 3, pp. 1064-1073, 1997. 

[9] P. J. Moore, J. H. Allmeling, A. T. Johns, “Frequency Relaying Based 
on Instantaneous Frequency Measurement,” IEEE Trans. On Power 
Delivery, Vol. 11, No. 4, pp. 1737-1742, 1996. 

[10] A. A. Girgis, W. L. Peterson, “Adaptive Estimation of Power System 
Frequency Deviation and Its Rate of Change for Calculating Sudden 
Power System Overloads,” IEEE Trans. On Power Delivery, Vol. 5, No. 
2, pp. 585-594, 1990. 

[11] V. Terzija, M. Djuric, B. Kovacevic, “A New Self-tuning Algorithm for 
the Frequency Estimation of Distorted Signals,” IEEE Trans Power 
Delivery, Vol. 10, No. 3, pp. 1779-1785, 1995. 

[12] S. Santoso. E. J. Powers, P. Hofmann, “Power Quality Assessment via 
Wavelet Transform Analysis,” IEEE Trans. Power Delivery, Vol. 11, 
No. 2, pp. 924-930, April 1996. 

[13] O. Poisson, P. Rioual, M. Meunier, “Detection and Measurement of 
Power Quality Disturbances Using Wavelet Transform,” IEEE Trans. 
Power Delivery, Vol. 15, No. 3, pp. 1039-1044, July 2000. 

[14] K. M. El-Naggar, H. K. M. Youssef, “A Genetic Based Algorithm for 
Frequency Relaying Applications,” Electric Power Systems Research, 
Vol. 55, No. 3, pp. 173-178, 2000. 

[15] M. Bettayeb, U. Qidwai, “A Hybrid Least Squares-GA-Based Algorithm 
for Harmonic Estimation,” IEEE Trans Power Delivery, Vol. 18, No. 2, 
April 2003. 

[16] L. L. Lai, W. L. Chan, “Real Time Frequency and Harmonic Evaluation 
Using Artificial Networks, IEEE Trans. On Power Delivery, Vol. 14, 
No. 1, pp. 52-57, 1999. 

[17] Q. Ai, Y. Zhou, W. Xu, “Adaline and Its Application in Power Quality 
Disturbances Detection and Frequency Tracking,” Electric Power 
Systems Research, Vol. 77, pp. 462-469, 2007. 

[18] S. A. Soliman, R A. Alammari, M. E. El-Hawary, “Frequency and 
Harmonics Evaluation in Power Networks Using Fuzzy Regression 
Technique,” Electric Power Systems Research, Vol. 66, pp. 171-177, 
2003. 

[19] O.Chaari, M.Meunier, F.Brouaye, “Wavelets: A New Tool For the 
Resonant Grounded Power Distribution Systems Relaying,” IEEE Trans 
on Power Delivery, Vol. 11, No. 3, pp. 1301-1308, July 1996. 



 6

[20] Xiang-ning Lin, Hai-feng Liu, “A Fast Recursive Wavelet Based 
Boundary Protection Scheme,” in Proc. 2005 IEEE Power Engineering 
Society General Meeting, Vol. 1, pp. 722-727, June 2005. 

[21] Use of Recursive Wavelet Transform for Estimating Power System 
Frequency and Phasors,” IEEE PES T&D Conference and Exposition, 
New Orleans, Louisana, April 2010. 

[22] IEEE Standard for Synchrophasors for Power Systems, IEEE Standard 
C37.118-2005, March 2006. 

VIII.  BIOGRAPHIES 
Jinfeng Ren (S’07) received his B.S. degree from 
Xi’an Jiaotong University, Xi’an, China, in 
electrical engineering in 2004, and continued 
studies for Ph.D degree till 2006. He has been with 
Texas A&M University pursuing his Ph.D degree 
since Jan. 2007. His research interests are digital 
simulators and automated simulation methods for 
protective relay and phasor measurement unit 
testing and power system control and protection 
applications. 
Mladen Kezunovic (S’77, M’80, SM’85, F’99) 
received the Dipl. Ing., M.S. and Ph.D. degrees in 
electrical engineering in 1974, 1977 and 1980, 
respectively. Currently, he is the Eugene E. Webb 
Professor and Site Director of Power Engineering 
Research Center (PSerc), an NSF I/UCRC.at Texas 
A&M University. He worked for Westinghouse 
Electric Corp., Pittsburgh, PA, 1979-1980 and the 
Energoinvest Company, in Europe 1980-1986, and 
spent a sabbatical at EdF in Clamart 1999-2000. 
Hewas also a Visiting Professor at Washington 
State University, Pullman, 1986-1987 and The 

University of Hong Kong, fall of 2007. His main research interests are digital 
simulators and simulation methods for relay testing as well as application of 
intelligent methods to power system monitoring, control, and protection. Dr. 
Kezunovic is a Fellow of the IEEE, member of CIGRE and Registered 
Professional Engineer in Texas.  



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /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 1.6
  /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 true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /CMB10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /CMBX10
    /CMBX12
    /CMBX5
    /CMBX6
    /CMBX7
    /CMBX8
    /CMBX9
    /CMBXSL10
    /CMBXTI10
    /CMCSC10
    /CMCSC8
    /CMCSC9
    /CMDUNH10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /CMFF10
    /CMFI10
    /CMFIB8
    /CMINCH
    /CMITT10
    /CMMI10
    /CMMI12
    /CMMI5
    /CMMI6
    /CMMI7
    /CMMI8
    /CMMI9
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /CMR10
    /CMR12
    /CMR17
    /CMR5
    /CMR6
    /CMR7
    /CMR8
    /CMR9
    /CMSL10
    /CMSL12
    /CMSL8
    /CMSL9
    /CMSLTT10
    /CMSS10
    /CMSS12
    /CMSS17
    /CMSS8
    /CMSS9
    /CMSSBX10
    /CMSSDC10
    /CMSSI10
    /CMSSI12
    /CMSSI17
    /CMSSI8
    /CMSSI9
    /CMSSQ8
    /CMSSQI8
    /CMSY10
    /CMSY5
    /CMSY6
    /CMSY7
    /CMSY8
    /CMSY9
    /CMTCSC10
    /CMTEX10
    /CMTEX8
    /CMTEX9
    /CMTI10
    /CMTI12
    /CMTI7
    /CMTI8
    /CMTI9
    /CMTT10
    /CMTT12
    /CMTT8
    /CMTT9
    /CMU10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EuroSig
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. 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 on-screen display, e-mail, and the Internet.  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 /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


