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Quadrature Kalman Filter
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Abstract— This paper proposes a novel method to minimize
the risk sensitive cost function based on cubature quadrature
algorithm. The proposed filter is named as risk sensitive
cubature quadrature Kalman filter (RSCQKF). The theory
and formulation of the RSCQKF have been presented in this
paper. The performance of proposed risk sensitive filter is
compared with its risk neutral counterpart for a ballistic target
tracking problem. The simulation results show that for wrongly
modeled process noise parameters, the RSCQKF outperforms
the cubature quadrature Kalman filter (CQKF).

Index Terms—Risk sensitive filtering, Nonlinear estimation,
Robust filtering.

I. INTRODUCTION

The risk sensitive estimator minimizes the exponential
quadratic cost function scaled by a risk sensitive parameter.
Hence the risk sensitive estimators are expected to be more
robust in presence of uncertainty in process model or in
process noise in comparison to its risk neutral counterpart.
For linear Gaussian signal models, a closed-form solution
exists and the algorithm of risk-sensitive estimator (RSE)
has been formulated as the Kalman filter like recursion and
well documented in earlier literature [1]- [4]. Such filters
are generalization of standard risk neutral filter in the sense
that as risk sensitive parameter approaches to zero, the risk
sensitive filters converge with their risk neutral counterparts.

For nonlinear risk sensitive estimation no closed form so-
lution exists. Initially the problem had been solved based on
the extended Kalman filter (EKF) approach. The method is
known as the risk sensitive extended Kalman filter (RSEKF)
[5]. However the limitations associated with EKF are also
inherited to the RSEKF and it frequently diverges for
severely nonlinear systems. To address the limitations of the
RSEKF, under Bayesian framework, several nonlinear risk
sensitive filters such as the risk sensitive unscented Kalman
filter (RSUKF) [6], the risk sensitive central difference filter
(RSCDF) [7], the risk sensitive particle filter (RSPF) [8] ,
the risk sensitive adaptive grid filter (RSAGF) [9], [10] and
the risk sensitive cubature Kalman filter (RSCKF) [11] etc.
have evolved.

In this paper, we have formulated a risk sensitive filter
based on the cubature quadrature Kalman filter [12], [13].
The cubature quadrature Kalman filter (CQKF) is more gen-
eralized form of the cubature Kalman filter (CQF) [14] where
multivariate moment integrals, encountered under Bayesian
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filtering framework are calculated using third degree of
cubature rule and multiple Gauss-Laguerre quadrature points.
The proposed robust filter has been applied to a ballistic
target tracking problem which is severely nonlinear in nature.
The simulation results show the improvement in tracking
performance for wrongly modeled process noise parameters.

II. FILTERING UNDER BAYESIAN FRAMEWORK

Let us consider the nonlinear plant described by the state
and measurement equations as follows:

)
2

where x; € R” denotes the state of the system, y, € R” is
the measurement at the instant k, where k = {0,1,2,3,...,N}
, 0(x¢) and y(x;) are known nonlinear functions of x; and
k. The process noise 1y € R" and measurement noise vy €
R? are assumed to be mutually uncorrelated and normally
distributed with covariance QO and R respectively.

In Bayesian framework, the recursive Bayesian estimator
estimates unknown posterior probability density function
(pdf) recursively over time using incoming measurements
and process model.

The prior probability density can be given by Chapman-
Kolmogorov equation:

Xer1 = O () + Mk

Yk = Y(xk) + vk

p(xkb’l:kfl):/p(xk‘xkfl)p(xkfl|y1:k71)dxkfl (3)

The above equation is known as time update equation. The
computation of posterior density function is done via Bayes’
rule.

_ POklx) pCxiclyre—1)

P(Xk[yix) = “)
) = T )
where the normalizing constant

POklyre-1) = /p(yk‘xk)]’(kal:kfl)dxk 5)

For linear Gaussian system the posterior and prior densities
remain Gaussian in nature and the estimated value can be
obtained optimally by the celebrated Kalman filter. For non-
linear system, the density functions are no longer Gaussian
in nature. But many times it is approximated as Gaussian to
find out the mean and covariance of prior as well as posterior
density function.
Time update:
The prior estimate is the mean of prior probability density



function obtained from time update equation. So

Frfe—1 = EPex]yra—1]
=E[(¢(ox—1) + 1) [y1:k-1]
=E[@(xi—1)[y1:4-1]

or,
Krjk—1 :/(b(xkfl)P(xkfl|)’1:k71)dxk71
:/d’(xk—l)N(xk—lvekfllkflaPkfl\kfl)dxk—l

Pt = E[( — fia—1) 0ok — Ba1) " [v1x-1]
:/¢(xk71)¢T(xk71)N(xkflﬁek—l\k—laPk—l|k—l)dxk71
— 181 + O
Measurement update.‘
PORYLA-1) = Rk k=15 Py 1)

where

Vklk—1 :/Y(xk)N(xk;fk\k—lapk\k—ﬂdxk

P11 = /Y(xk)yT(xk)N(xk;x’\k\kflvpﬂkfl)dxk
— S 1Fap 1 + Re
Cross covariance
Py k-1 = /kaT(xk)N(xk§)ek|kflapk\k71)dxk
— f—1 R
On the receipt of new measurement y, the posterior density
Pkl yia) = R (s Kies Prii)
where
B = Kfi—1 + Kk — rpe—1)

P = Pje—1 — Kkuy,k\kflKkT

_ —1
K= ny.,k|kflpyy7k‘k71

From the equations, it is clear that to obtain state estima-
tion the previous integrals need to be evaluated. Further, the
accuracy of the estimation depends on the accuracy of the
approximate evaluation of the integrals.

ITII. RISK SENSITIVE FILTERING

The error cost function with risk sensitive parameter for
the estimated sequence @1, P,, -, Py is defined as:
C(Py, P2, , D) =

o )

where () > 0 and pp > 0 are two risk sensitive parameters.
Functions p;(.) and p,(.) are strictly convex, continuous and
bounded from below attaining global minima at 0.

k—1 . . 6
E|exp (11 Y pr(@(w) — &)+ tops(@(w) ~ o) | | ©
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We assume ®; for all times 0,1,--- ,k— 1 to be known as
&* and @, to be unknown. Hence the cost function is given
P1(P(x;) — D) + popa (D) — ci’k))

as
exp (
7

The minimum risk sensitive estimate (MRSE) at time k is
given by

k=1

“IZ

i=1

C(dy)=E

®)

If we assume the variable to be estimated as the state
variables themselves (®(x) = x) and the covex functions
p;(®(x) — ®) = [x— %7 [x — %] where j = 1,2, then the cost
function given in (7) can be written as

&7 = arg min C(dy)

k-1
C(%)=E %XPQH ¥ b= %) o — 7] o o — 2 o — fk])
i=1
)

and the minimum risk sensitive estimate (MRSE) at time &
is given by

X5 = arg min C(%) (10)

The solution to the MRSE may be given by the following
recursive relation:

Oklk—1 =
oo R _—
" p(ulxi—1)exp(ph v — Feje—1 ] e = Reje1]) O 11431
(11)
and
Oklk = P()’k|xk>6k|k71
= p(yilxx)x
oo R .
_p(xk|xk,1)exp(u1 [k — Erpe—1] e — Eagr—1]) Ok 1 k- 1d%k1
(12)

where 0y ;1 and oy, represent information state. The risk
sensitive posterior estimate is given by

—+o0

Ry = arg min/ exp(Ua [, — o] [x — al)opdx;  (13)
——

—o0

acR”

It should be noted that when u; =0, uy > 0, the cost
function has only instantaneous error ( It does not include the
stored error over past time.) and it merges with the MMSE
Kalman filter.

If we consider

thl‘k,l = exp(th P — Zpe—1)” [k — fipo1]) Gy (14)
then,
oo .
Olk—1 =/ P(xk‘xkfl)ck_”k_ldxkfl (15)
and
Ok = P(Vk|Xk) Opjk—1 (16)

Equation (14) may be considered as risk sensitive update
step. Equation (15) and (16) may be considered as time up-
date and measurement update respectively. It should be noted



that if Gaussian approximation is assumed to be maintained,
the optimal estimate obtained from (13) is simply the mean
value of the distribution.

IV. FORMULATION OF RISK SENSITIVE
CUBATURE QUADRATURE KALMAN FILTER

In [12], [13], we have developed an algorithm to eval-
uate the intractable integrals encountered in filtering under
Bayesian framework, using third degree of spherical radial
cubature rule and multiple Gauss-Laguerre quadrature points.
The estimator is named as the cubature quadrature Kalman
filter (CQKF).

A. Cubature Quadrature Rule

1) Cubature rule:
Theorem 1: For an arbitrary ﬁmctlan flx ) X € R”" the

integral 1(f) = \/WIW flx)e™ sX-wE X X can

be expressed in spherical coordinate system as

(Crz+p)ds(Z)) e Ry
a7

1= V(2m)n /r o/,,
where X = CrZ+ U, C is the Cholesky decomposition of ¥,
IZ|| =1, u and ¥ are the mean and covariance respectively
and U, is the surface of unit hyper-sphere.

Proof: Let us transform the integral I(f) to a spherical
coordinate system [15]. Let X =CY +u, Y € R", where
Y =CCT ie. C is the Cholesky decomposition of X. Then
X -2 "X —u)=yY"c’c-Tc-'cy =YY and dX =
|C|dY = /]Z|dY. So the desired integral,

1(f)=

/ fley +we ¥ Yay  (18)

1
Vv 2r)r Jr
Now let Y = rZ, with |Z| =VZTZ=1,YTY =ZTrrZ = 1°.
The elementary volume of hyper-sphere at n dimensional
space is dY = r"~'drds(Z) where ds(.) is the area element
on U,. U, is the surface of hyper-sphere defined by U, = {Z
€ R"|zZ" = 1}; r € [0,00). Hence

f(CrZ+p)e rz/zrnfldrds(Z)

1= Vv (2m)r /rO Uy,

(CrZ+p)ds(Z)) M e 2y O

W[O/l]n

Now to compute the integration I(f) as described above,
first we need to compute
/ F(Crz+1)ds(2) (19)
Uﬂ
The integral (19) can be approximately calculated by third

degree fully symmetric spherical radial cubature rule. If we
consider zero mean unity variance, (19) can be approximated

as [14].
2V &
/fers 2rn/2 me (20)
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where [u]; (i=1,2,...,2n) are the cubature points located at
the intersections of the unit hyper-sphere and its axes. For
example, in single dimension, the two cubature points will be
on +1 and —1. For two dimensions, the four cubature points
will be on (+1,0), (—1,0), (0,+1) and (0, —1). For Gaussian
distribution with non zero mean and non unity covariance,
the cubature points will be located at (Clu]; + 1).

2) Gauss-Laguerre Quadrature rule: Any integral in the
form of,

T M)A %erdr
A=0

2y

can be approximately evaluated using quadrature points and
weights associated with them. The error associated with the
approximate evaluation of integral depends on the number of
quadrature points. The quadrature points can be determined
from the roots of n’ order of Chebyshev-Laguerre polynomial
equation [16], [17].

d"
1 A, o l AOH—n -A -0
(=" PTG

Let the quadrature points be Ay. The weights can be deter-
mined as

LE(A) = (22)

W\C(a+n +1)
A (L3 ()

So the integral (21) can be written approximately using
quadrature rule as

o n
A FAA% e ar = Y Apf(Ay)
=0 i'=1
3) Cubature Quadrature rule:
(17) and (20) we get

Combining the equation

1 2/ [ 1,
V/(2m)" % 2nl(n/2) / Zf e dr
(23)

Now to integrate the rest of the term, we use Gauss-Laguerre
quadrature formula described above. To cast the integration
in that form of (21), let us assume ¢ = r2/2. With this
transformation the equation (23) becomes

1(f)=

1

1f)= 21723 (n)2)

Xz(n/%l/ Zf\/»” [1/2=1) =t g

(24)
Now the integration [~ f(¢)t""/> Ve~'dt is approximated
using multiple quadrature points with o =n/2 — 1. As per
earlier discussion, the accuracy of the estimator depends on
the order of quadrature rule. For i’ number of quadrature
points denoted as ),l./ the integral (24) becomes

2n n'
<[Y Y Arf(V2h)u
i=1i'=1

For n dimension of state space problem solved with third
order spherical cubature rule and »n’ order Gauss-Laguerre
quadrature points, total 2nn’ cubature quadrature points and
associated weights need to be calculated.

1

1f) = 2nL(n/2)

]i]



B. RSCQKF algorithm
Step (i) Filter initialization
« Initialize the filter with £o)o and Fyo.
o Calculate the cubature quadrature (CQ) points, &;, and
their corresponding weights, w;(j = 1,2,...,2nn").
Step (ii) Predictor step

o Perform the Cholesky decomposition of posterior error
covariance
T
Pl = SkpeSkk

Evaluate cubature quadrature points

Xjklk = Skk&j + Xk

Update cubature quadrature points

L1k = 9 (Xjkk)
Compute time updated mean and covariance

2nn’

Gtk = Y, Wikjk+1lk
=

2nn’

Pecie= Y, wilXjss 1 — Crrt i [Xj s 1 — Orrtie) | + 0Ok
=1

The risk sensitive mean remains the same and the risk
sensitive covariance is updated with

( —2mn)”!

Step (iii) Corrector step or measurement update

P71

+
L k+1k

k+1)k

o Perform the Cholesky decomposition of prior error
covariance

+
Pl =

T
Sk+1|ksk+1\k
Evaluate cubature quadrature points

Xjs+ilk = Sk1k6j + Orr1lk

where j=1,2,....2nn".
Find the predicted measurements at each cubature
quadrature points

Yt = YXjks1lk)
Estimate the predicted measurement

2nn!

V1= Z Wik
J=1

Calculate the covariances

2nn’
_ o a T
P}'k+1}‘k+1 - Wj[Yj,k+1|k — Vkt1] [Yj7k+l [k — Prr1]” + R

J=1

2nn’
_ ) —= o T
Poin = Z W [Xj7k+1\l< - Gk+1|k] [Yj.k+1\k — Pkt1)
J=1
« Calculate Kalman gain
_ —1
Kier1 = Py By
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« Compute posterior state values

Ohitfkt1 = Okptfe + K1 k1 — i)
« Posterior error covariance matrix is given by

P —Ki1 Py KL,

Plpijerr = k+1]k T 1Y+ 1

o The posterior risk sensitive estimate is given by

et 1lkt1 = Ok tjit1

Note: The condition (P1:+]1|k —2uI)~! > 0 need to be sat-
isfied at each step for risk sensitive error covariance to be
positive definite. The condition limits the upper value of ;.

V. SIMULATION RESULTS

The above described algorithm is used to track a ballistic
object in its re-entry phase. Inspired from the earlier work of
Ristic et al. [18], [19], we have considered two dimensional
ballistic target motion described by the following nonlinear
discrete time dynamic state equation

0
Skt = Y(sk) +G [g} + Mk
where the state vector given by
. T
Sk= % X Yk Vi

provides the positions and velocities of target in x and y
coordinates at k' time instant and

V(sk) = @si+ Gfi(sk)

where
1 T 0 0 T?/2 0
_jor oo ._|T 0
?=lo o 1 7| 0 T2
0 0 0 1 0 T

where T is the time interval between two consecutive radar
measurements. The drag force fi(sy) is directed opposite to
the target speed u and its magnitude is given by 0.5 %puz.
sin(tan™'(
=052

|
)
B P/ X + i Bﬂ

where g is the acceleration due to gravity and f3 is the
ballistic coefficient. It varies with mass, shape and cross
sectional area of the target perpendicular to the direction of
motion. It is constant for supersonic speed due to formation
of shock waves. The shock waves vanish when speed of a
target decreases to the speed of sound. Here we assume f
to be a constant as the speed of the target is more than the
speed of the sound throughout its motion. The air density p
is given by

Yk
X
Yk
Xge

-1
fk(sk> = *0.5%p(xk2+y'k2) > |f'0S<tan (

p=cie

where
c1=1.227 and ¢ =1.093 x 107* ; for y < 9144 m
c1=1.754 and ¢ = 1.49 x 1074 ; for y > 9144 m.



The process noise 7 is taken as zero mean white Gaussian
with covariance Q given by

Q=q[g g]
with

0— T3/3 T?)2

T |r*)2 T

where ¢ is a parameter. This accounts for the possible devia-
tion of the process model from the real situation. The truth is
simulated for the target trajectory in the MATLAB as shown
in Fig. (1)-(3) with g =9.8 m.s~2, B = 40000 Kg.m~'.s72,
g=1m?.s73, and T = 2s with number of path samples N =
60. Truth is initialized with xo = 232000 m, yo = 88000 m,
vo = 2290 ms~!, ¥ = 190° where ¥ is the angle between
horizontal axis and the direction of motion.

Target trajectory of the ballistic object

¥(km)

x(km)

Fig. 1. Target trajectory of the ballistic object

Speed of the target

Target velocity (km/s)

0 T T : t t i

0 20 40 60 80 100 120
Time (sec)
Fig. 2. Speed of the target versus time
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Acceleration of the target

-10

-50

-0

Target acceleration{m/s2)

90

-110 -

Time (sec)

Fig. 3. Acceleration of the target versus time

The measurement equation is given as
Ze = Hsi+ v

1 0 0 O T .
where H = 00 1 o *= [dk hk] is the radar

measurement in cartesian coordinate. Considering radar to
be located at the origin and measurements collected are the
range r, and elevation €, d = r cos€ and h = r sin€ are
measurement of the positions along x and y coordinates
respectively. v, is the measurement noise which is white
Gaussian with zero mean and covariance, Ry, given by

Ry = 0 = 0/ cos’(€) + r* oz sin* (€)

Rz = 0} = o} sin*(€) +r* o cos® (€)
Ri12 = Ria1 = o4 = (6% — 2 62)sin(€)cos(¢€)

where o, and o, are the standard deviations of radar mea-
surement for range and elevetion. The above expression for
Ry is derived by measurement conversion from polar to
cartesian coordinate and is good approximation for linear
measurement.

The above described problem of tracking the ballistic
object is solved using the RSCQKF with fourth order Gauss-
Laguerre approximation and its performance is compared
with the CQKF in terms of root mean square error (RMSE).
From the first two measuremenTts, filters are initialized as

Soj0 = {dl @ h @ Initial error covariance
matrix is derived as
2
2 ] Odh
Gd2 s Cadn  —
_% 9%  _ % %
P = T T2 T T2
010 Odj 2 o;
— Zah p—
om- T %, T
_ % 9% _% 9%
T T2 T T2

During simulation we use the radar parameters o, = 100 m,

0¢ =0.017 rad. The risk sensitive parameter is taken as (| =
7x107°.



The process noise covariance of filter is mismatched with
that of truth by changing the value of the parameter ¢ = 0.01,
(the g for truth remains unity). The RMSE (out of 100 MC
runs) of position estimation obtained from the RSCQKF and
CQKF have been plotted in Fig.(4)-(5). From the figures it
may be concluded that the RSCQKF tracks better compared
to the ordinary CQKF. Similar result has been obtained for
velocities and not shown here.

RMBSE plot of x-position
16000 - -=-=-=-=mm-ep oo ooy oo
: —=— RSCQKF
14000 oo b -+ -CQKF
12000 Lo
10000 [+
E 8000 4
6000 1-1-
4000
2000 A
0 t t t t T i
5 25 65 85 105 125
Time (sec)
Fig. 4. RMSE plot of RSCQKEF (solid line) versus CQKF (dashed line)

for x-position of the target

RMSE plot of y-position
40000 7oy e e ‘
——RSCQKF |

35000

- - -CQKF
e S . e . |

25000 |

20000 7%

RMSE

15000 11

10000

5000

65

Time (sec)

85 105 125

Fig. 5. RMSE plot of RSCQKEF (solid line) versus CQKF (dashed line)
for y-position of the target

VI. DISCUSSION AND CONCLUSIONS

A risk sensitive cubature quadrature Kalman filter (RSC-
QKF) algorithm has been developed in this paper. The
developed algorithm is used to solve a ballistic target track-
ing problem in its re-entry phase. The performance of the
RSCQKEF algorithm is compared with the CQKF in terms
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of RMSE. The simulation results reveal that for wrongly
modeled process noise parameter, the risk sensitive filter
performs better than the CQKF.

REFERENCES

R. K. Boel, M. R. James and I. R. Peterson, Robustness and risk-
sensitive filtering, IEEE Transaction on Automatic Control, vol. 47,
no. 3, pp. 451-461, March 2002.

Subhrakanti Dey and John B. Moore, Risk-Sensitive Filtering and
Smoothing via Reference Probability Methods, IEEE Transaction on
Automatic Control, vol. 42, no. 11, pp. 1587-1591, Nov. 1997.

R. N. Banawar, Properties of risk-sensitive filters/estimators, IEE
Proceeding Control Theory and Application, vol. 145, no.1, pp. 106-
112, Jan. 1998 .

J.B. Moore , R. J. Elliott , S. Dey, Risk-sensitive Generalizations of
Minimum Variance Estimation and Control, Journal of mathematical
systems, estimations, and control, vol. 7, no.1, pp. 1-15, 1997.

M. Jayakumar and R.N. Banavar, Risk-sensitive filters for recursive
estimation of motion from images, IEEE Transaction on Pattern and
Machine Intelligence, vol. 20, no. 6, pp. 659-666, June 1998.

S. Bhaumik, S.Sadhu and T.K.Ghoshal, Risk Sensitive Formulation of
Unscented Kalman Filter, IET Control Theory & Applications, vol. 3,
no. 4, pp. 375-382, April 2008.

S. Sadhu, M. Srinivasan, S. Bhaumik and T.K. Ghoshal, Central
difference formulation of risk-sensitive filter, IEEE Signal Processing
Letters, vol. 14, no. 6, pp. 421-424, June 2007.

S. Sadhu, S.Bhaumik, A. Doucet and T.K.Ghoshal, Particle method
based formulation of risk-sensitive filter, Elsevier Journal of Signal
Processing, vol. 89, no. 3, pp. 314-319, March 2009.

S. Bhaumik, M. Srinivasan, S.Sadhu and T.K.Ghoshal, Adaptive grid
risk-sensitive filter for non-linear problems, IET Signal Processing,
vol. 5, no. 2, pp. 235-241, April 2011.

S.Bhaumik, M. Srinivasan, S.Sadhu and T.K.Ghoshal, A risk sensitive
estimator for nonlinear problems using adaptive grid method, Proceed-
ings of nonlinear statistical signal processing workshop, Cambridge,
U.K,, pp. 1-4, 13-15 Sept. 2006 .

Shovan Bhaumik and Swati, Cubature Kalman filter with risk sensitive
cost function, IEEE International Conference on Signal and Image
Processing Application, Kuala lumpur, Malayesia, pp. 144-149, 16-18
Nov. 2011.

Swati and Shovan Bhaumik, Nonlinear estimation using cubature
quadrature points, IEEE International Conference on Energy, Automa-
tion and Signal, Bhubaneswar, India, pp. 1-6, 28-30 Dec., 2011.
Shovan Bhaumik and Swati, Cubature quadrature Kalman filter,
accepted for publication, IET Signal Processing, doi: 10.1049/iet-
spr.2012.0085.

I. Arasaratnam and S. Haykin, Cubature Kalman Filters, IEEE Trans-
action on Automatic Control, vol. 54, no. 6, pp. 1254-1269, June 2009.
Alan Genz, Numerical Computation of Multivariate Normal Probabil-
ities, Journal of Computational and Graphical Statistics, vol. 1, no. 2,
pp. 141-149, June 1992.

V.I. Krylov, Approximate Calculation of Integrals, Dover Publication,
NC, Mineola, New York. 2005.

F.B. Hildebrand, Introduction to Numerical Analysis, Second edition,
Dover Publication, New York, 2008.

B. Ristic, A. Farina, D. Benvenuti and M.S. Arulampalam, Perfor-
mance bounds and comparison of nonlinear filters for tracking a
ballistic object on re-entry, IEE Proc.-Radar Sonar Navig., vol. 150,
no. 2, pp. 65-70, April 2003.

A.Farina, B. Ristic, D. Benvenuti, Tracking a Ballistic Target Com-
parison of several nonlinear filters, IEEE Transactions on Aerospace
and Electronic Systems,vol. 38, no. 3, pp.854-867, July 2002.

[1]

[2]

[3]

[4]

[5]

[9]

[10]

(11]

[12]

[13]

[14]

[15]

[16]
[17]

[18]

[19]




<<
  /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


