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Abstract— Over the last decade there has been an increased
interest in the pharmaceutical industry to shift the manufac-
turing process of drugs from batch to continuous operation.
The continuous manufacturing of pharmaceuticals provides
significant benefits, e.g. savings in cost, time and materials
- to name but a few. The implementation of a continuous
manufacturing strategy, however, is challenging. To gain profit
from a continuous process one has to ensure its proper
operation, i.e. a long time-span until the next prospective un-
scheduled downtime. Thus, the installed operation units have
to be: 1) robust against disturbances by engineering design
principles and by advanced fault tolerant control schemes,
respectively; and 2) the condition of the operation units has to
be monitored reliably to trigger, in case of need, appropriate
intervention strategies in a timely manner. In this paper, the
focus is on the monitoring aspect. Here, a model-based fault
detection and identification framework is implemented, which
selects the most data-supported model candidate from a set
of predefined model hypotheses including the reference model
(normal behavior) as well as failure models. In addition, to
enable an improved diagnosis the system under study can be
steered deliberately based on the proposed concept resulting
into an active fault diagnosis framework. Preliminary results
are demonstrated by an academic three-tank system.

I. INTRODUCTION

Continuous pharmaceutical manufacturing (CPM) is a
key technology to increase the Overall Asset Effectiveness
(OAE) and to decrease the Throughput Time (TPT) in the
production of pharmaceuticals [1]. Beside these processing
performance indicators also regulatory requirements benefit
from CPM. The individual process runs in the case of batch
manufacturing require individual testing and recording of
quality standards. In consequence, testing becomes a costly
add-on step in pharmaceutical manufacturing. In CPM, at
the same time, quality monitoring can be implemented as
an inherent and economic part of the overall process control
framework. The recent advances in the Process Analytical
Technology (PAT) [2], i.e. in-line and on-line analytics,
contribute in novel and innovative control and monitoring
concepts. However, the shift of batch towards continuous
operations in pharmaceutical manufacturing is challenging.
In order to gain the theoretical savings in cost, time, and
materials the implemented continuous processes have to be:
1) designed deliberately by first engineering principles [3],
ii) controlled robustly [4], [5] (e.g. by applying Fault Toler-
ant Control (FTC) methods), and iii) monitored reliably [6],
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[71, [8] (e.g. by using Fault Detection and Isolation (FDI)
or Fault Detection and Diagnosis (FDD) principles). In this
paper, the focus is on the monitoring aspect primarily. In
detail, a model-based FDI framework is proposed selecting
the most data-supported model candidate from a predefined
model set including the reference model (normal behavior)
and failure models, too. Here, a suitable distance measure
quantifying the differences of the model candidates as well
as the distance to the measurement data while taking into
account the stochastic nature of the underlying problem (e.g.
due to measurement and process noise) is mandatory. In
case that all relevant quantities, i.e. simulation results and
measurement data, can be described by their entire prob-
ability density function (PDF), the Kullback-Leibler (KL)
divergence might be an ideal distance measure [9]. In many
practical situations, however, only a limited information of
the relevant PDFs are available, i.e. characteristic moments
of the PDF as expected values and variances. For nonlinear
systems these statistical quantities can be approximated
by the Kalman Filter (KF) framework. Here, the quality
of the fault identification correlates significantly with the
approximation power of the KF. Over the last two decades it
has been demonstrated that the so-called Unscented Kalman
Filter (UKF) [10] provides an excellent trade-off between
computational demands and approximation power [11]. In
this study, a square-root UKF version is implemented due to
its numerical robustness [12] and its reported performance
in chemical engineering applications [13]. Based on this
set-up, conditional model probabilities can be determined
for all analyzed model candidates. In addition, to enable an
improved diagnosis the system under study can be steered
deliberately based on the proposed concept resulting into an
active fault diagnosis framework [14], [15]. Moreover, this
approach can be easily extended to include non-probabilistic
uncertainties [16] (e.g. zonotope / set membership ideas)
and to address critical state constraints [17] as well. The
remainder of this paper is structured as follows. In Section
IT some comments about the used distance measure are
given. In Section III the basics of the KF framework are
summarized including a detailed description of the applied
square-root UKF version. The expected benefit of an active
FDI is highlighted in Section IV. The overall concept of the
proposed active fault diagnosis framework is demonstrated
by a three-tank system in Section V. Finally, the conclusions
are drawn in Section VI
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(a) Undesired situation in model-based FDI.
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(b) Desired situation in model-based FDI.

Fig. 1: Probability density functions of three potential model outcomes at time point ty.

II. DISTANCE MEASURE

When applying model-based fault identification strate-
gies the inherent uncertainties in simulation results (due
to uncertain model parameters and initial conditions) and
gathered data have to be considered. In practice, there might
be scenarios at which different model candidates cannot
be distinguished (Fig. 1a) as well as situations at which
a proper model selection / fault identification is straightfor-
ward - even in the case of significant uncertainties (Fig. 1b).
To distinguish both cases and to enable a concept which
aims at a reliable fault detection an appropriate distance
measure has to be derived which takes these uncertainties
into account. Abstracted from information theory the KL
distance quantifies the differences of two PDFs. In principle
for each model candidate, M;, from the set of available
model hypotheses, M 2 {My, My,..., M,,}, a PDF
of the model outcomes might be calculated. For example,
assuming two PDFs, p; and p;, the KL distance is expressed
by:

dicr,(pillp;) = / pi()in P gy (1)

pj(z)

Here, it has to be stressed that the KL distance, typically,

is not symmetric (dxr,(f||lg) # dixr(g||f)). Alternatively,
a symmetric distance measure can be derived according to:

(@)

In case of two Gaussian distributions Eq. 2 simplifies to the
Kullback’s total measure of information [18]:
(67— 03)?
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where o7 (0%) and Ely;] (Ely;]) are the variance and the ex-
pected value of the model output of M; (M), respectively.
o2 represents the variance of the measurement data and is

assumed to be known. When combining the Kullback’s total

Rn

Dy (pi,pj) = drr(pillp;) + dxr(p;l|pi)

DY(pi,pj) =

; 3)

measure of information with model probabilities, IT(M),
the maximum change in Shannon’s Entropy (SE) [19] can
be derived:

A(SE) =" > TH(M)II(M;)DY(pi,p;)  (4)

i=1 j=i+1

Here, the model probabilities are determined by utilizing
the Bayes’ theorem:

Py AMalyg)
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1=1,...,m

II(M;lyf) =

4)
where yj represents the latest data and y, the previous
measurement data sample.

Up to this point, this section provides necessary tools for:
i) determining the likelihood of the model candidates (Eq.
5), ii) measuring the differences between model hypotheses
(Egs. 2 & 3), and iii) calculating the maximum change
in SE (Eq. 4), i.e. the increase in discrimination power
when new data/information are available. Obviously, to
determine these quantities numerically some statistics of the
simulation results have to be provided. Here, the square-root
UKEF is tailor-made in terms of computational demand and
approximation power [20].

III. KALMAN FILTER

Assuming a discrete-time nonlinear system in its state-
space form the set of governing equations reads as:

(6)
)

where © € R™ denotes the state variable vector, y € R™v
means the observed model output vector. (Note that this
work assumes 7, = 1 but the proposed framework can be
extended to multi-output cases as well.) The measurement
noise and the process noise are considered by wy, and vg 1,
respectively. The system input is expressed by u € R™».

f(@g, ur) + wg
h(@g41) + Vs,

LTr+1

Yk4+1 =
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Fig. 2: Fault Identification Work-flow: The prediction step of the Kalman Filter, K FP, is used to identify an optimal
fault revealing input. This optimal input is applied to the real system some informative data, y;, used within the Kalman
correction step, K F'“. Based on the resulting statistics the conditioned model probabilities are derived, i.e. fault-related

model candidates are selected.

The two vector functions, f(-) & h(-), are known as the state
and the output function, respectively. For nonlinear prob-
lems as in this study, it has been shown in many benchmark
studies that the UKF outperforms the Extended Kalman
Filter (EKF) in terms of approximation power. Compared to
CPU-intensive Particle Filters the UKF generates and propa-
gates deliberately chosen Sample Points (i.e. position &; and
weights W) to quantify relevant statistics of the prediction
and correction step within the KF framework. To improve
the numerical stability additionally, the so-called square-
root KF (SR-UKF) was introduced providing guaranteed
positive definite co-variance matrices. Algorithmically, the
prediction and correction steps of SR-UKF are given in
Alg. 1. Here, gr means the QR decomposition, cholupdate
refers to Cholesky factor updating, and the “/”-operator
indicates an efficient least squares approach utilizing QR
decomposition with pivoting. In doing so, the expected
values, 2(7), as well as the co-variance matrices, P(~) =
S ST can be derived and used to select the most
plausible model candidate and to design an informative,
fault-revealing system input as described in the next section.
As a side note, the conditional probability densities, Pyt im,
in Eq. 5, are approximated according to:

L s (vi-it )
V2ra}

IV. ACTIVE FAULT DIAGNOSIS

®)

Pyrim; =

In the field of fault detection and diagnosis one distin-
guishes between passive and active strategies, i.e. no inter-
vention and applying auxiliary input signals, respectively.
In this study, the proposed concept contributes to both.
The active FDI technique, however, needs some further
explanation. The derived auxiliary inputs aim at exciting
the process under study deliberately to facilitate the actual
fault detection and identification performance. In practice,

T T3 T
Sl l?g‘ S2
A A A

ar

Fig. 3: Scheme of the three-tank system (adapted from [21])
with the two considered fault scenarios: 1) leakage at tank 75
indicated by / and ii) pipe obstruction (e.g. by an obstacle
or fouling processes) between 77 and T3 indicated by 7.

the calculation of such an informative fault-revealing input
can be expressed as an optimisation / optimal control
problem. One of the common methods for solving optimal
control problems is the so-called direct sequential approach
[22]. Here, the idea is to parametrize a control vector
(e.g. auxiliary input) in combination with the numerical
integration of the model equations. Here, these forward
simulations are part of prediction step of the KF and lead to
the determination of the expected maximum change in SE
(Eq. 4). For instance, assuming a one step ahead predictive
time step an optimal constant auxiliary input can be derived
according to:

argmax ASE

Upg1
st I (M), Vie M
P];+1(/\/li)7Vi eM
ugt1 €U 9
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Algorithm 1 SR-UKF

1: procedure INITIALIZE

2 To = E[l‘o]

3 So = chol{ E[(x¢ — #0)(x0 — x0)"]}
4: procedure SIGMA POINT GENERATION
5: To = E[Zo]

6 So = chol{ E[(xo — #0)(x0 — x0)"]}
7. procedure PREDICTION STEP (K F?)

8: X1 = -1+ (Sk—1)" Xini
T (G

n+1 (m)
. 5 —_ *
10: Ty = ‘Zo Wi X k1
=

v Sy = { [V (X ke — 3 ) V)
12: S, = cholupdate {S,;, Xok — Ty, WO}
13: X1 = -1+ (S,) Xy
14: yk.|k._1 = h[Xk — 1]
n+1
15 g, = ZO Wi(m)yi,kw—l
16: Syk =qr { |:\/Wl(y1:n+17k - gk) \/E} }
17: Sy, = cholupdate {Sy, , Yo, — Uk, Wo}

n+1
18: P‘T?lmyk = Z W’L(C) [Xi,k'lk—l - ‘%I;] D}i,k\k—l - glz
=0

19: procedure CORRECTION STEP (K F'¢)
20: Ky = (P’l'kyk/ST )/Syk

Yk
21: L%k:j?];—l—Kk(yk—Q;)
22: U= KkSyk
23: Sk = cholupdate {Sk_, U, 1}

Here, it should be stressed that the model probabilities
(Eq. (5)) impacts the optimization problem significantly,
i.e. the optimized input sequence focus on the most likely
model candidates and attempts to separate these. The overall
work-flow of the proposed concept for fault identification
is illustrated in Fig. 2.

Cross-sectional area of A =0.0154 m?

individual tanks

S; =5x 1075 m2,
1=1,2,3

Sy €{1,0.5}

Cross-sectional area of
connecting pipes

Cross-sectional area
reducation factor

Leakage flow qy € {0,0.002}m3/s

Gravitational acceleration g =9.81m/s?

Nondimensional outflow
coefficients

TABLE I: Parameters of the three-tank model.

c=1i=1,2,3

V. DEMONSTRATION
For the purpose of demonstration an academic three-
tank system (Fig. 3) is used. Despite its simplicity, this
system shows some common characteristics of continuous

pharmaceutical manufacturing processes: i) continuous op-
eration and ii) functional connection of sub-systems forming
a manufacturing process chain. Here, the tanks 77, 75, and
T5 are connected while the liquid inlet flow, u, enters T}
and a potential leakage flow, g, is defined for 7. Based on
the mass conservation law and the Torricelli’s law following
set of differential equations can be derived:

—c1518 sign(z1 — x3)\/2g|x1 — 23] + u

Ty =

A

. —c3Szsign(xze — x3)\/2g|re — 3]
T2 = A

_CQSQ\/QQZ‘Q —qf

A

. caSi1Sysign(zy — x3)/2g]|21 — 23]
I3 = A

~ cgSzsign(zs — 22) 2g|xs — x2 (10)

Thus, the dynamic of liquid levels is given by the system
states z1, =9, and x3. The corresponding model parameters
are summarized in Tab. I. In what follows, two different
fault scenarios are analyzed: i) M, tank leakage at T5
(g¢ = 0.0025) and ii) My, pipe obstruction between T}
and T3 (S; = 0.5). The fault-free reference model, M,
completes the set of potential model candidates. Starting
with M the faults are induced at second 120. Challenged
with simulated measurement data (sample frequency of 10
sec) the proposed concept aims to identify the correct model
hypothesis, i.e. to detect the fault as soon as possible. As
shown in Fig. 4a & 4c, the passive as well as the active
FDI strategy identifies the leakage. As expected a nominal
input sequence (u(t;) = 0.75) is less informative and fault-
revealing compared to an optimal input sequence (u(ty) €
[0.25,2.50]). The leakage, M, is rapidly identified in case
of the active FDI scenario. Similar results can be derived
for the pipe obstruction, Mo, as shown in Fig. 4b & 4d.
Here, the temporary selection of M; can be explained by
a short match of related simulation results and incoming
measurement data (Fig. 5a). The associated optimal input
sequence (Fig. 5b), however, reveals the pipe obstruction
in the long run correctly. Here, too, the active FDI setting
enables an early failure detection by the optimized input
sequence.

VI. CONCLUSIONS

This paper presents a framework for passive as well
as active FDI operation based on a SR-UKF and infor-
mation theory principles. By these actions, the inherent
uncertainties in modeling and gathered measurement data
are addressed comprehensively. By a simulation study it has
been shown that the induced faults can be detected (passive
& active FDI) reliably. As expected, the active FDI enables
a better detection rate and may help to mitigate undesired
consequences in terms of plant damages and pollution of the
environment by early interventions. Future work will focus
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Fig. 4: Model probabilities starting with an uninformative a-priori set-up, i.e. II(M;) = 1/3, ¢ = 1,2,3. The faults,

leakage # and pipe obstruction 7, are induced at second 120
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(a) Impact of an optimized input sequence onto the model
statistics (30-Cls) for I Mo, M, and O M. Related
measurement data are indicated by @and the general 30-CIs of
measurements are expressed via the limits ©.

(b) Illustration of the optimized input sequence.

Fig. 5: Illustration of the improved fault diagnosis (5a) in consequence of the fault-revealing optimized input sequence

(5b) based on the proposed active FDI concept.

on relevant, dedicated processing equipment in CPM, e.g.
continuous flow reactors. In particular, following aspects
have to be considered for a concept expected to be of
practical relevance:

real time optimization to enable an active FDI imple-
mentation

identification of multiple faults in parallel

novelty detection in case of untrained/non-modeled
faults.

In conjunction with the incorporation of non-probabilistic
uncertainties (e.g. zonotope / set membership concepts) we
are quite sure that we can provide workable as well as
flexible tools supporting the shift towards CPM in the near
future.

ACKNOWLEDGMENT

The author thanks V. N. Emenike and X. Xie for helpful
discussions.

597



[1

—

[2

—

[3]

[4

finar}

[5

—_

(6]

[7

—

[8

[t}

[91

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]
[19]

[20]

[21]

REFERENCES

W. Bisson, “Novartis approach to continuous manufacturing (api and
drug product),” in IFPAC 10 - Cortona, Italy, 2010.

S. Bordawekar, A. Chanda, A. M. Daly, A. W. Garrett, J. P. Higgins,
M. A. LaPack, T. D. Maloney, J. Morgado, S. Mukherjee, J. D.
Orr, G. L. Reid III, B.-S. Yang, and H. W. Ward II, “Industy
perspectives on process analytical technology: Ttool and applications
in api manufacturing,” Organic Process Research & Development,
2015.

V. N. Emenike and U. Krewer, “Model-based optimal design of
continuous flow reactors for the synthesis of active pharmaceuti-
cal ingedients,” in ProcessNet-Jahrestagung und 32. DECHEMA-
Jahrestagung der Biotechnologen 2016, submitted.

A. Mesbah, A. N. Ford Versypt, X. Zhu, and R. D. Braatz, “Nonlienar
model-based control of thin-film drying for continuous pharmaceuti-
cal manufacturing,” Ind. Eng. Chem. Res., vol. 53, no. 18, pp. 7447—
7460, 2013.

A. Mesbah, J. A. Paulson, R. Lakerveld, and R. D. Braatz, “Plant-
wide model predictive control for a continuous pharmaceutical pro-
cess,” in 2015 American Control Conference, Palmer House Hilton,
Chicago, IL, USA, 2015.

R. Isermann, “Model-based fault-detection and diagnosis - status and
applications,” Annu. Rev. Control, vol. 29, no. 1, pp. 71-85, 2005.
S. Kristen, C. Paphonwit, and R. D. Braatz, “Perspectives on fault
detection and identification in industrial systems,” in 9th IFAC
Symposium on Fault Detection, Supervision and Safety of Technical
Processes, Faris, France, 2015.

M. Vileiniskis, R. Remenyte-Rrescott, D. Rama, and J. Andrews,
“Fault detection and diagnostics of a three-phase separator,” Journal
of Loss Prevention in the Process Industries, vol. 41, pp. 215-230,
2016.

K. P. Burnham and D. R. Anderson, Model Selection and Multi-
Model Inference: A Practical Information-Theoretic Approach.
Springer, 2002.

S. J. Julier and J. K. Uhlmann, “A general method for approximat-
ing nonlinear transformations of probability distributions,” Dept. of
Engineering Science, University of Oxford, Tech. Rep., 1996.

D. Simon, Optimal state estimation: Kalman, H Infinity, and Nonliear
Approaches. Wiley-Interscience, 2006.

R. van der Merwe, “Sigma-point kalman filters for probabilistic
inference in dynamic state-space models,” Ph.D. dissertation, OGI
School of Science & Engineering at Oregon Health & Science
University, 2004.

M. Mangold, A. Bck, R. Schenkendorf, C. Steyer, A. Voigt, and
K. Sundmacher, “Two state estimators for the barium sulfate pre-
cipitation in a semi-batch reactor,” Chemical Engineering Science,
vol. 64, no. 4, pp. 646 — 660, 2009, 3rd International Conference on
Population Balance Modelling.

A. Mesbah, S. Streif, R. Findeisen, and R. D. Braatz, “Active fault
diagnosis for nonlinear systems with probabilistic uncertainties,” in
Preprints of the 19th World Congress, The International Federation
of Automatic Control, Cape Town, South Africa, 2014.

K.-K. K. Kim, D. M. Raimondo, and R. D. Braatz, “Optimal input
design for fault detection and diagnosis: Model-based prediction and
statistical distance measures,” in 2013 European Control Conference
(ECC), Ziirich, Switzerland, 2013.

C. Combastel, “Merging kalman filtering and zonotopic state bound-
ing for robust fault detection under noisy environment,” [FAC-
PapersOnlLine, vol. 48, no. 21, pp. 289-295, 2015.

B. O. S. Teixeira, L. A. B. Torres, L. A. Aguirre, and D. S. Bern-
stein, “On unscented kalman filtering with state intercal constraints,”
Journal of Process Control, 2010.

G. E. P. Box and W. J. Hill, “Discrimination among mechanistic
models,” Technometrics, vol. 9, pp. 57-71, 1967.

R. F. Stengel, Optimal Control and Estimation. Dover Publications,
1994.

R. Schenkendorf and M. Mangold, “Online model selection approach
based on unscented kalman filtering,” Journal of Process Control,
vol. 23, pp. 44-47, 2013.

X. Z. Zhang., M. M. Polycarpou, and T. Parisini, “A robust detection
and isolation scheme for abrupt and incipient faults in nonlinear
systems,” IEEE Transactions on Automatic Control, vol. 47, no. 4,
2002.

[22] L. T. Biegler, Nonlinear Programming.
Applied Mathematics, 2010.

Society for Industrial and

598




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


