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Abstract

Parametric identification of a single degree-of-freedom (SDOF) nonlinear Duffing oscillator is carried
out using a harmonic balance (HB) method. The parameters of the system are obtained using a harmonic
input, for the case of periodic response. Problems of matrix inversion, due to poor conditioning are
sometimes encountered in the computation. This may occur due to large differences in the relative
values of inertia, damping and spring forces or dependence of these parameters on one another. The
inversion problem may also occur due to a poor choice of the excitation signal frequency and amplitude.
However there is limited choice of adjustable input parameters in this case. In this work, an extended
HB method, which uses a combination of two harmonic inputs, is suggested to overcome the above
problem.

1 Introduction

System identification involves obtaining the structure and the unknown parameters of the model of a
system from the input-output information. If the mathematical structure of the governing equations of
the system is assumed or known a priori, the problem of identification reduces to the determination of
unknown parameters of the system. This problem is termed as parametric identification. If the structure
of the equations is also unknown, the problem is called a non-parametric identification. The latter is
obviously a more difficult problem than the former. The system may be viewed as an operator or a function
that maps the input signal to the output signal. For the identification, the input-output information for
a real system is required to be available from suitable tests conducted on the system. The successful
identification method will yield a model with parameters such that the input used in the experiment if
given to the identified model would give the same output as that of the original system. Thus with the
identified system, one can obtain the response for any arbitrary excitation. Also, the output of the system
at a future time can be predicted.

The theory of linear system identification is well developed. In many applications the systems are
nonlinear or the effect of nonlinearity cannot be ignored. In such cases nonlinear system identification
has to be carried out. The presence of nonlinearities poses challenges. There are a wide variety of
methods available for nonlinear system identification.[!] In the present work the area of investigation is
confined to the parametric identification of a SDOF system.

In one of early classical papers on nonlinear system identification, Masri and Caughey!!! used the state
variables of nonlinear systems to express the system characteristics in terms of orthogonal functions.
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Various investigations!>—] have been done in the area of nonlinear vibratory system identification. Yasuda
et al.1 applied the principle of harmonic balance for the identification of nonlinear multi degree-of-
freedom systems. They approximated the nonlinearity in the system using polynomials and the response
of the system was represented by a truncated Fourier series. Yuan and Feeny!”! use the technique of
combining the periodic orbit extraction and harmonic balance scheme for the nonlinear parametric
identification of chaotic systems.

In using HB for system identification, numerical difficulties are often encountered. The main objective
of this paper is to develop a robust identification procedure using HB technique. This is based on a
multi-harmonic excitation, which is shown to be better at parametric identification for a broad range of
excitation frequencies and amplitudes.

2 Solution of Nonlinear System by Harmonic Balance Method

Let us consider vibratory systems governed by nonlinear ordinary differential equations and subjected
to periodic force excitation. Further, one can assume that the response of the system is periodic. In the
Harmonic balance (HB) method, the periodic response of the system is expressed in terms of a truncated
Fourier series with terms having frequencies, which are integer multiples/submultiples of the excitation
frequency. The coefficients of the harmonic terms are adjusted systematically by an iterative procedure
such that the resulting time series matches with the original one to the required degree of accuracy. The
original response of the system in general cannot be represented in an analytical form, as the system
is nonlinear. The HB solution thus obtained can be used for the system analysis as well as system
identification.

In the identification scheme, the HB solution is substituted into the governing equation of motion,
which gives an algebraic equation in terms of system parameters. Imposing the condition that this
equation should be satisfied at all sample points, yields a system of linear algebraic equations. This is
solved by a psuedo-inversion to obtain the unknown system parameters. Consider a Duffing oscillator,
which is periodically forced with L term harmonic excitation, given by the equation

L
mi 4+ cx +kix +ax> = fo+ Z £ cos(I) + g sin(I) (1)
=1

Assume that the response x (¢) of a vibrating system is available. Let it be periodic of fundamental period
T . Expressing the response in a truncated M term harmonic Fourier series where M > L, we have

M
x(t) = ap + Z (ax cos k2t + by sin kQ2t) )
k=1

The following steps are involved in HB method

1. Divide the time period of the response into N number of equal intervals of size dt = T /N. Choose
sampling rate to satisfy the Nyquist criterion.

2. Evaluate x(t) at these times x(0), x (A?), x(2At), ... ,x((N — 1)Ar) for a period of the response
signal.
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3. For M harmonic terms this can be written as

_ 2(0) _
x(At)
x(Ar)
[x((N — DA ]
1 1 0 . 1 0 7]
1 cos(Q2AY) sin(QAt) . cos(MQATL) sin(MQAt)

1 cos(2QAtL) sin(2QAt) . cos(MQ2At) sin(M Q2At)

|1 cos(QN = 1)A7) sin(Q(N — 1)Ar) - cos(MQUN — 1)Ar) sin(MQU(N — 1)Ar) |
.
ai

< | 3)
am
L Om |

In a compact form the above equation is X = I'A. Assume ‘A’ initially and evaluate X.

4. Evaluate h(x) = x3, the nonlinear terms for the known values of x. The nonlinear function is
evaluated in time domain as

h(0)
h(At)
H={h(x()} = : 4

h((N — DAr)

Express A(x) in time domain in Fourier series as
M
h(x(6)) =qo+ Y _ qr cos kSt + ry sinkQ 5)
k=1

In compact form, H =T'Q

H can be obtained from X (h(x) = ax> for each term). Thus

Q = F(H) = F(H(X)) = F(ao, a1, by, ...,am, by) (6)
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Using w, = /kj/m and & = ¢/ (2mw;,), the complete equation has the following form

fo
fwy 0 o - 0 7 faw] [@w] [A] [0
0 - 2w, - 0 0 ai q1 g1 0
0 —2w,Q w?—Q% . 0 0 by r -
+ —_ =
. . . . . . fr
. 0 0 S w2 — (MQ)? 20,EMQ amy am gL 0
L 0 0 0 C 20 EMQ w2 — (M) bl Lrum - L 0]
- 0 -
(7
YA+ Q—-F,=0 8)
where Y is Jacobian matrix of the linearised form of the equation. Note that the above equation is a
function of the coefficients ag, ai, b1, ..., apy and by,.
ie. fi(ap,a1,b1,...,apm,by)=0fori=1,2,...,2M + 1 ©)]

The basic objective is to obtain the coefficients so as to satisfy the above equations.
2.1 Newton—-Raphson method

Solution of the above set of simultaneous nonlinear algebraic equations 2.9 can be accomplished by
Newton-Raphson (NR) method. An initial set of Fourier coefficients a0, a0, 10, ..., ayo, by 0 is
assumed. Fourier series coefficients obtained from the solution of the corresponding linear system are
taken as the initial guess. Using Taylor series expansion about this point,

fitao, a1, by, ...,am, by) = fiaoo, aro, bo, - .., amo, bmo)
+ (i) Aao + (i) Aal + .+ <_fl ) AbM
dag ap0,a10:b10;----ap0,bMm0 day apo,aj;--- dbm apo,aj0;---
+ Higher order terms i = 1,2,...,2M + 1 (10)
where ag = agg + Aag; a; = ajo + Aay;...; by = b;[OAbM.
Let nt = 2M + 1. Neglecting higher order terms we have
) ) ) )
Ji f1o % ﬁ % . ﬁ Aag
2 120 S : Aa;
. — . + | - . . . . . (11)
e Ofur  3fn ofn
St ; Sut0 i aTOt 3T|t Sh]t . W ; Aby i

This can be written as F; = Fy; + JiAA;

oF aF;

R T 12
9A T a4, " (12)

J
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The net force on the system is the sum of linear forces Y A;, nonlinear forces Q; and the external forces
F,;. Y is the Jacobian matrix of the linear part and suffix ‘i’ denotes the iteration number. The net force
at the end of i iteration is

F,=YA; +Q; —Fy (13)

The total Jacobian matrix J is given by

oF Y Try—1pT
J=—=Y+—0=0"1)"T"H 14
) +t3 Q=I"T) (14)
a 0H 0H 0H 93X
99 _ (prpy-iprdf 00 OH 50X (15)
A dA 0A 030X 0A
Using X =TA
K@ 0 -0 0
90 0 AW -0 0
= —aIm-'rT C : r (16)
94 o 0 - 0
0 0 -0 R(T-—Ap
The total Jacobian matrix J is evaluated at every step as
_ 90 _ Try—1pT g /
J=Y+ 34 = Y+ @'I)"'I'" diag(H)T (17)
Since the Jacobian matrix for the linear part Y is constant, it is to be evaluated only once for the purpose

of computation.
The N-R algorithm can be summarised as follows.

(i) Assume the initial Fourier coefficient set A. Solve for AA; which makes F; = 0in Eq. (2.12) i.e.,
AA; = —Ji_lF()i
(i1) Set the new values for coefficients in iteration as A; ;1 = A; + AA;
(iii) Calculate F; and check if || F;||oc < tolerance, where || F;||oc := max | F;]|
1

(iv) If the above condition is satisfied the computation stops. Otherwise repeat the above process until
the required tolerance condition is satisfied. The final set A gives the coefficients of periodic solution.

3 Parametric Identification Using Harmonic Balance Method

Consider the Duffing oscillator given by the equation
mx + cx +kx +ax’ = fo(t) (18)

where

L
fo) = fo+ ) ficos(I1) + g sin(ISa) (19)
=1
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where m, c, k; and « are the parameters of the system to be determined from the known input-response
data. For identification purpose, the oscillator is assumed to be excited harmonically with known exci-
tation parameters. Assuming the solution to be periodic, this can be expressed as in equation 2.2. Sub-
stituting this periodic solution in (18), we get

M

M
—m Y (ark*Q* coskQt + bk> QP sin k) + ¢ Y (—ark sin kQt + bk cos k)
k=1 k=1

M M

+ k; (ao + Z(ak cos k2t + by, sin th)) + «a (ao + Z(ak cos kQ2t + by sin th)3> = f.(t)
k=1 k=1

(20)

Let

M M
—-Q? Z kz(ak cos kQt + by sinkQt) = p1(t); Q Z k(—ay sin kQ2t + by cos kQ2t) = po(t);
k=1 k=1

3

M M

ap + Z(ak cos kQt + by sin k) = p3(2); <a0 + Z(ak cos k2t + by sin th))
k=1 k=1

= pa(t) and fo = ps(1) (21)
Thus the (20) can be written as
mpi(t) + cp2(t) + kip3(t) + apa(t) = ps(1) (22)

For a set of N discrete times, the matrix form of the equation is

p1(0) p2(0) p3(0) P4(0)
p1(At) P2(AT) p3(AT) pa(AT) m
) . . . c
ki
(07

p1i((N = DAr) pa((N = DA1) ps((N = DAr) ps(N — DA1)
ps(0)

ps(At)
— . (23)

ps((N — 1) A1)
This can be written as Gr = f The parameters ‘7’ are obtained from the equation

r=GTe)'6¢Tr=cL'GTf (24)
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where

p1(0) - - pi((N — DA1)
p2(0) - - p2((N — DA1)
p3(0) - - p3((N — DA
p4(0) - - pa((N — DAr)

p1(0) p2(0) p3(0) p4(0)

CL=G'G =

X

p1I((N = DA?) p2((N = DAt) ps((N = DA7) ps((N = DA1)

N-1
Y (piAD)?* Y piADpai A Y pii A p3iAr) Y pi(iAr)pa(iAr)
i=0

= : Y (paiA))? Y paiADp3(iAL) Y. pa(iAt) pa(iAt)
: : Y (p3AD)? Y p3(iAt)pa(iAt)

> (pa(iAr))?
(25)

3.1 Identification: Single harmonic excitation versus two-harmonic excitation

Invertibility of the C L matrix plays a crucial role in successful identification. While it is clear that
the excitation parameters fi, f2, ..., fL; 21, 22, ..., and Q7 will influence the relative values of
the elements of the CL matrix, the right choice of them a priori is a difficult problem. In this work
a two-harmonic input is considered for the identification and a comparative study on the success of
identification is carried out. Consider the system subjected to two harmonic excitations.

mx + cx + kix + ax’® = fj cos it + f> cos Qat (26)

A special case where €27 is an integer multiple of 21 (2; = 2€2) is considered i.e., 2,/ €2 is rational.

3.2 Implementation

If the periodic response of system is given, an approximate solution for this can be accomplished by
performing a Discrete Fourier Transform (DFT) on the response data. The data points should be equally
spaced in time. In practice a Fast Fourier Transform (FFT) is used. The FFT coefficients, which are
complex, may be converted into equivalent real valued Fourier coefficients. Following this, the system
identification by pseudo inverse as mentioned above can be done.

Parametric identification of a Duffing oscillator was carried out using the harmonic balance method. To
generate data for the study, the periodic response of a known Duffing oscillator to a harmonic excitation
was obtained by simulation in MATLAB. The above data is then used in the harmonic balance method
to obtain the Fourier series solution to the problem. Using the above input-output data again, the inverse
form of the harmonic balance method is made use of to identify the parameters of the system. The
result obtained for a case with single harmonic excitation is shown in Table 1 and Fig. 1. The number
of sampling points N considered in this case is 128. Thus the equally spaced sampling time interval is
At = T /N where T is the steady state period of response. Relatively insignificant Fourier coefficient
terms are not included in the analysis.
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Table 1 Comparison of original and identified parameters

Excitation parameters: f; =2, Q2 =0.4
Original system parameters: [m, ¢, k;, «] | Corresponding identified parameters
1.0, 0.2, 1, 1 1.0000, 0.1994, 0.9988, 1.0010

0.8

04r 1
02 1

—02} ]
_04 L i
—06} ]

-08
-15 -1 -0.5 0 05 1 1.5

X

Fig. 1  Phase plane plot of the original and the identified system. Solid line is the one-period steady state response
of the original system. The dot symbols stands for the corresponding identified system

3.3 Direct determination of error in parameters

If the identification is carried out using the simulated data as mentioned earlier, the parameters of the
original and the identified system are available for error estimation. Error measure based on difference
in parameter values can be defined as

Mer = (Mo — M;) [ Mo; Cor = (Co — €i)[Cos kier = (kio — kii)/ kio; Qer = (@0 — 0t;) /0ty 27

where o-original i-identified, m, ¢, k; and « are the mass, damping coefficient, linear stiffness and
nonlinear stiffness respectively; m,, Cer, kler and «, are the error in the identification of mass, damping,
linear stiffness and nonlinear stiffness respectively. Total parameter error is computed as

Epuw =2, + 2, + K2, +a2,)/4 (28)

ler

4 Results

A computational test to illustrate the improvement of results for two-harmonic input over single harmonic
is given here. For comparison of these two cases, the amplitudes of excitation are chosen in the following
way. For any F and 2 we set the following: Case 1: Single harmonic excitation amplitude f; = 1.2F.
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Table 2 Comparison of Single and two harmonic excitation: Sweeping across F-2 range

Original Parameter set [mcka] = [0.1 0.02 10.1]; Frequency ratio n = Q/w,, w, = undamped natural
frequency of the corresponding linear system

F:0.1t02.1, Step size = 0.1; n = 0.1 to 0.5, Step size = 0.02, Number of trials NT = 441(21 x 21)

E1: Number of cases with Ey, < 1%; E2: Epy,, 1 to 5%; NP: Not periodic;
Net Success = (E1+ E2)/(NT — NP)

El E2 Net success%
One harmonic input 233 84 71.8821
Two harmonic input 358 58 94.3311

Single harmonic excitation

PISEE "o o ¥ x o0o'o o 6 o o"o o & o o'o o o]
x © 0 o o 0 0 0 0 06 0 0 0 o O o O 0 9
x x x 0 6 0 06 o0 6 06 0 0 0 6 0 0 0 o0 O 0
x (o) o (o) o] o o o o o o o] o] o o o o o]
1 5 L * x x (o) x ] (0] (0] (0] (0] (0] (0] e} o (0] (0] (0] (0] o]
. 0o < x = 0 0 6 06 6 0 6 o6 o6 o0 0 O O
® o x x = O 0 O O O 0 0 O O O O O
(&) x x x [e) x x [e) [e) [e) o [e] [e) [e) [e) [e) [e]
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0.1 0.15 0.2 0.25 0.3 0.35 04 0.45 0.5
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Two harmonic excitation
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Fig. 2 Success over the excitation parameter space F — 1, for single and two excitation cases. Symbol ‘o’ stands
for Ep,e < 0.01 and ‘x” for 0.01 < Ep,. < 0.05. The blank spaces correspond to either Ep,, > 0.05 or the
response not period-one type

Case 2: Corresponding two harmonic excitation amplitudes: f; = F, fo, = 0.2F and frequencies:
Qy = 2Q1 = 2Q. Identification tests were conducted for a set of parameters and a comparison for the
success was made between a single and two harmonic excitations. The steady state responses, which
are not P1 (period-one), are excluded from the analysis. Table 2 and the corresponding Fig. 2 gives
the comparison result for tests conducted over a range of excitation parameters. There is a significant
improvement in the success of identification while employing two-harmonic excitation in place of one-
harmonic.
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Figure 3 shows the success variation over a

range of nonlinear stiffness o. The two harmonic | | | | = Sin;;Ie har‘monic
input case shows improvement in the identifica- 90t AR — Two harmonic ||
tion results. To examine the possible reason for the
improvement, consider the C L matrix in the (25). 80 f
The condition number of this matrix indicates the
quality of inversion of the matrix. Hence the con- ¢ 70
dition number is evaluated for the two cases. It g
appears that that a lower condition number gives %@ 6or
a better result in many cases. However this is not sol
always true and further investigations are needed.
30 equally spaced points over F-n grid is used a0h
at each value of « to obtain this comparison.

5 Conclusion

100

%1 02 03 04 05 06 07 08 09 1
Alfa

Fig. 3  Percentage success (for Epyr < 0.05) varia-
tion with nonlinear stiffness o for [mck;] =

Parametric system identification of a Duffing [0.10.021]

oscillator is carried out using harmonic balance

method. In this work, an extended HB method,

which uses a combination of two harmonic inputs, is suggested to overcome the problem of numerical
difficulties encountered with a sinusoidal excitation. For the chosen parameters the two-harmonic exci-
tation gives significant improvement over the single harmonic excitation. More tests over a wide range
of both the system and excitation parameters are necessary to obtain a pattern and for generalization.

References

(1]
(2]
(3]

(4]
(5]
(6]

(71

Masri, S. F. and Caughey, T. K., A nonparametric identification technique for nonlinear dynamic
problems, J. Appl. Mech., Vol. 46, pp. 433—447, 1979.

Masri, S. F.,, Sassi, H. and Caughey, T. K., Nonparametric identification of nearly arbitrary non-
linear systems, J. Appl. Mech., Vol. 49, pp. 619-628, 1982.

Yang, Y. and Ibrahim, S. R., A nonparametric identification technique for a variety of discrete
nonlinear vibrating systems, Journal of Vibration, Acoustics, and Reliability in Design, Vol. 107,
pp. 60-66, 1985.

Crawley, E. F. and Aubert, A. C., Identification of nonlinear structural elements by force state
mapping, AIAA Journal, Vol. 24, No. 1, pp. 155-162, 1986.

Mohammad, K. S., Worden, K. and Tomlinson, G. R., Direct parameter estimation for linear and
nonlinear structures, J. Sound and Vibration, Vol. 152, No. 3, pp. 471-499, 1992.

Yasuda, K., Kawamura S. and Watanabe K., Identification of nonlinear multi-degree-of-freedom
systems (Presentation of an identification technique), JSME International Journal, Series 1III,
Vol. 31, No. 1, p. 8, 1988.

Yuan, C. M. and Feeny, B. F., Parametric identification of chaotic systems, J. Vib. Control, No. 4,
pp- 405426, 1998.



	1   Introduction
	2   Solution of Nonlinear
System by Harmonic Balance Method
	2.1 Newton--Raphson
method

	3   Parametric Identification
Using Harmonic Balance Method
	3.1 Identification:
Single harmonic excitation versus two-harmonic excitation
	3.2 Implementation
	3.3 Direct determination
of error in parameters

	4   Results
	5   Conclusion
	References


<<
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /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 true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /&_NearSighted-Normal
    /AbadiMT-CondensedLight
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /Aldine401BT-BoldA
    /Aldine401BT-BoldItalicA
    /Aldine401BT-ItalicA
    /Aldine401BT-RomanA
    /AmerTypewriterITCbyBT-Bold
    /AmerTypewriterITCbyBT-Medium
    /AMUDHAM
    /Anna
    /AntiqueOlive-Bold
    /AntiqueOlive-Compact
    /AntiqueOlive-Italic
    /AntiqueOlive-Roman
    /ArchitecturePlain
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Demi
    /AvantGardeITCbyBT-DemiOblique
    /AvantGardeITCbyBT-MediumOblique
    /BaaBookHmk
    /BaaBookHmkBold
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-Normal
    /Baskerville-Normal-Italic
    /Benguiat-Bold
    /Benguiat-Light
    /BernhardBoldCondensedBT-Regular
    /BernhardFashionBT-Regular
    /BernhardFashionHmk
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BernhardMordern
    /BethsCuteHmkBold
    /BoogieWoogieHmk
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolFive
    /BookshelfSymbolFour
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolThree-Regular
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /Broadway-Normal
    /CaflischScript-Bold
    /CaflischScript-Regular
    /CalistoMT
    /CarmineTango
    /CaslonNo540SwaD-Ital
    /CaslonOpenfaceBT-Regular
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook-Thin
    /Chancery-Bold-Bold
    /Chancery-MediumItalic-Medium-Italic
    /Chancery-Medium-Medium
    /CheltenhamBT-Bold
    /CheltenhamBT-BoldItalic
    /CheltenhamBT-Italic
    /CheltenhamBT-Roman
    /ChrisHmk
    /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
    /ComicSansMS
    /ComicSansMS-Bold
    /CopperplateGothic-Bold
    /CopperplateGothicBT-Bold
    /CopperplateGothicBT-BoldCond
    /CopperplateGothicBT-Heavy
    /CopperplateGothicBT-Roman
    /CopperplateGothicBT-RomanCond
    /CopperplateGothic-Light
    /Cottonwood
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /Critter
    /CS-CharterBT-Bold
    /DesertDogHmk
    /Dingbats
    /EnglischeSchT-Bold
    /EnglischeSchT-Regu
    /EstrangeloEdessa
    /EUEX10
    /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
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /ExPonto-Regular
    /FirstGrader
    /FrancineHmk
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /FultoonHmk
    /FuturaBlackBT-Regular
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldCondensedItalic
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-ExtraBlackCondensed
    /FuturaBT-ExtraBlackCondItalic
    /FuturaBT-ExtraBlackItalic
    /FuturaBT-Heavy
    /FuturaBT-HeavyItalic
    /FuturaBT-Light
    /FuturaBT-LightCondensed
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FuturaBT-MediumCondensed
    /FuturaBT-MediumItalic
    /Futura-CondensedExtraBold-Thin
    /Futura-CondensedLight-Thin
    /Futura-Condensed-Thin
    /FUTURAK
    /FuturaLtCnBT-Italic
    /FuturaMdCnBT-Italic
    /FUTURAS
    /Futura-Thin
    /Gallery
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /GaramondITCbyBT-Bold
    /GaramondITCbyBT-BoldItalic
    /GaramondITCbyBT-Book
    /GaramondITCbyBT-BookItalic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Garamond-Medium-Italic
    /Garamond-Normal
    /Gautami
    /GenoaRoman
    /Geometric231BT-BoldC
    /Geometric231BT-RomanC
    /Geometric415BT-BlackA
    /Geometric415BT-BlackItalicA
    /Geometric415BT-LiteA
    /Geometric415BT-LiteItalicA
    /Geometric415BT-MediumA
    /Geometric415BT-MediumItalicA
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Giddyup
    /Giddyup-Thangs
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /Goudy
    /Goudy-Bold
    /Goudy-BoldItalic
    /Goudy-ExtraBold
    /Goudy-Italic
    /GraphicLight
    /GREEKC__
    /GRMK10
    /GRMK12
    /GRMK8
    /GRMK9
    /GweetHmkBold
    /HavixHmk
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Hobo-Thin
    /Humanist521BT-ExtraBold
    /Humanist521BT-Light
    /Humanist521BT-Roman
    /Humanist521BT-RomanCondensed
    /Humanist521BT-UltraBold
    /Humanist521BT-XtraBoldCondensed
    /ICMEX10
    /ICMMI8
    /ICMSY8
    /ICMTT8
    /ILASY8
    /ILCMSS8
    /ILCMSSB8
    /ILCMSSI8
    /Impact
    /JPBR8R
    /KuenstlerScript-Black
    /LASY10
    /LASY5
    /LASY6
    /LASY7
    /LASY8
    /LASY9
    /LASYB10
    /Latha
    /LCIRCLE10
    /LCIRCLEW10
    /LCMSS8
    /LCMSSB8
    /LCMSSI8
    /LINE10
    /LINEW10
    /Lithos-Black
    /Lithos-Regular
    /LOGO10
    /LOGO8
    /LOGO9
    /LOGOBF10
    /LOGOSL10
    /LSANSUNI
    /LucidaConsole
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Bold
    /LucidaSans-BoldItalic
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MatisseITC-Regular
    /MezzMM
    /MicrosoftSansSerif
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM10A
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MTEX
    /MTEXB
    /MTEXH
    /MT-Extra
    /MTGU
    /MTGUB
    /MTMI
    /MTMIB
    /MTMIH
    /MTMS
    /MTMSB
    /MTMUB
    /MTMUH
    /MTSY
    /MTSYB
    /MTSYH
    /MTSYN
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Regular
    /Myriad-Roman
    /Myriad-Tilt
    /NeedALilly
    /NewBaskerville-Light
    /NewsGothic
    /News-Gothic-Bold
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /News-Gothic-Normal
    /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
    /Nueva-BoldExtended
    /Nueva-Roman
    /NuptialScript
    /OCRAbyBT-Regular
    /OCRAExtended
    /OCRB10PitchBT-Regular
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OkrienHmk
    /Optima
    /Optima-Bold
    /Optima-BoldItalic
    /Optima-Italic
    /OriginalGaramondBT-BoldItalic
    /OUP1
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /ParisNormal
    /Poetica-ChanceryI
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /Raavi
    /RMTMIB
    /RMTMIH
    /RMTMUB
    /RMTMUH
    /rsfs10
    /rsfs5
    /rsfs7
    /Sanvito-Light
    /Sanvito-Roman
    /Shruti
    /SouvenirITCbyBT-Demi
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /Souvenir-Light
    /SplintHmk
    /StandardSymL
    /StarbabeHmk
    /SuccotashHmk
    /SurferItalic
    /SurferNormal
    /Sylfaen
    /SYLFAEN
    /Symbol
    /SymbolMT
    /SymbolProportionalBT-Regular
    /Tahoma
    /Tahoma-Bold
    /Technical
    /TechnicalItalic
    /TechnicalPlain
    /TektonMM
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldOblique
    /Times-Italic
    /TimesNewRomanPS
    /TimesNewRomanPS-Bold
    /TimesNewRomanPS-BoldItalic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-Italic
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Oblique
    /Times-Roman
    /Times-RomanSmallCaps
    /Times-Sc
    /Times-SCB
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /TrotsLight-HMK
    /TT0140M
    /TT0141M
    /Tunga-Regular
    /TwizotHmk
    /Univers
    /Univers-Bold
    /Univers-BoldItalic
    /Univers-Italic
    /Upsilon
    /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
    /Utopia-Italic
    /Utopia-Regular
    /Utopia-Semibold
    /Utopia-SemiboldItalic
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Viva-BoldExtraExtended
    /Viva-Regular
    /WallowHmk
    /Webdings
    /Westminster
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /YearbookSolid
    /zapfchancery-Thin-Italic
    /ZapfDingbats
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


