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Abstract— This paper addresses the robust fuzzy controller
design for a class of nonlinear system with norm-bounded
parametric uncertainties, and its application to attitude con-
troller design for hydrofoil catamaran. First, a robust fuzzy
controller is proposed, which can guarantee that the fuzzy
system is asymptotically stable. The sufficient conditions are
formulated in the form of linear matrix inequalities (LMI).
The comparison between the new result and previous method
shows that the stability conditions herein possess much less
conservativeness. Second, The robust fuzzy controller is ap-
plied to attitude controller design for hydrofoil catamaran.
Based on such a boat, “HC200B-A1", simulation researches
demonstrate the drawbacks of conventional control strategies
are overcome successfully.

I. INTRODUCTION

Hydrofoil catamaran is a kind of high-speed boat, and
composed of twin V-hulls and two or more rectangle hy-
drofoils at the bottom of the V-hulls. Both simulation study
and tank experimental results [1], [2] manifest that waves
will lead to roll, pitch, heave motion of large amplitude,
which will discomfort passengers and seamen, and even
destroy cargoes. Therefore, the special attitude stabilizer is
indispensable for hydrofoil catamaran. Various studies on
control systems for hydrofoil catamaran were studied [3],
[4]. How ever, those traditional control strategies have
several drawbacks. First, they are no longer efficient and
feasible once out of the small neighborhood of the operating
point, i.e. design speed. Second, they haven’t taken account
of the influences of environmental disturbances. Third, its
zero left angles may subject to the fluctuations with time,
because there exists the interferences between fore and aft
hydrofoils.

Gain scheduling is an effective way of controlling sys-
tems whose dynamics change with the operating conditions.
One drawback of conventional gain scheduling controller
is that the parameter change may be rather abrupt across
the region boundaries, which may result in unsatisfactory
or unstable performance across the transition. Fuzzy gain
scheduling has been proposed that utilizes fuzzy tech-
nique to determine the controller parameters. In fuzzy gain
scheduling strategy, fuzzy inference mechanism is used
to interpolate the controller parameters in the transition
regions. As a result, it obviates the need to use exact
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mathematical descriptions in the interpolation of controller
parameters [5], [6]. Therefore, fuzzy inference system
makes it probable to have the feedback control covering the
whole operating envelope [5] for hydrofoil catamaran. There
exists voluminous literature on the subject of making use of
various control techniques to attitude controller design for
hydrofoil catamaran [3], [4]. However, very few papers are
found that report Takagi-Sugeno (T-S) fuzzy system and the
parallel distributed compensation (PDC) control structure,
which can be used to control uncertain nonlinear systems,
to satisfy the special requirements of attitude controller of
hydrofoil catamaran.

Generally speaking, there are two kinds of fuzzy logic
controller. One is model-free fuzzy controller, and the other
is model-based fuzzy controller. Controller design based on
T-S fuzzy model has been discussed in [5], [7]-[9]. Fuzzy
model-based controller can combine the merits of both
fuzzy controller and conventional linear theory, and fur-
thermore guarantee stability in the sense of Lyapunov and
control performance theoretically. Moreover, linear matrix
inequality (LMI) techniques also make model-based fuzzy
controller design more convenient. Since uncertainties will
cause instability and degraded performance, robust fuzzy
controller based on T-S fuzzy model had also discussed [8].
However, the stability conditions therein are of much con-
servativeness.

The main contributions of this paper are divided into two
parts. First, a novel fuzzy model-based robust controller
is proposed for a class of nonlinear system with norm-
bounded parametric uncertainties. Because the controller
design takes accounts of much closer relationship between
the subsystems of the whole dynamic system, the conser-
vativeness of the controller design is reduced efficiently.
Second, by using the proposed controller scheme, attitude
controller for hydrofoil catamaran are presented. Simulation
researches manifest that the drawbacks of conventional
control strategies have been overcome successfully.

This paper is organized as follows. T-S fuzzy system is
constructed in Section II. The less conservative controller is
proposed in Section III. In Section IV, the proposed scheme
is applied to the attitude controller design for hydrofoil
catamaran. Some conclusions are collected in Section V.

II. CONSTRUCTION OF T-S Fuzzy MODELS

The development of T-S fuzzy model and its applications
have been increasingly accelerated over the last decade. The
T-S fuzzy system can be used to approximate the nonlinear
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system with norm-bounded parametric uncertainties [9],
which is constructed as follows.

Plant Rule ¢ :
IF 21 (t) is M;; and, ..., and z, is M,
THEN i (t) = (4A; + AA;) x (t) + (B; + AB;) u (t),
(i=1,2 -, 1) (1)

where z (t) = {21 (t),22(t), -+ ,24(t)} denote the vari-
ables of premise part, 4; € R"*", B; € R™*", z(t)
denotes state vector, u (t) denotes control input vector, and
M;; denotes fuzzy sets, r denotes the number of IF - THEN
rules, and AA; € R™*", AB; € R™*"™ are the system’s
uncertainty matrices and satisfy Assumption 1.
Assumption 1: Uncertainty matrices AA; and AB; are
norm-bounded, and have the following structures:

where D;, E;; and E;s are constant real matrices of appro-
priate dimensions, and F; (t) € R/ is unknown matrix-
valued functions with Lebesgue-measurable elements and
satisfies

Fr)F(t)<I 3)

By using the fuzzy inference method with a singleton

fuzzifier, product inference, and center average defuzzifiers,
the final output of T-S fuzzy model is obtained as

o(t) = Z hi(z(0)[(Ai + AA)x(t) + (B; + AB;)u(t))
= )

where

and M;; (z (t)) denotes the degree of membership of z (t)
on M;;. The degree of membership satisfies

Swi(z(t) >0, wi(2(¢))>0,i=1,2, -+, r.

i=1

Note that for all ¢, there exists
Shi(z)=1,h;(2(t))>0,i=1, 2, ---, r.
i=1

For PDC scheme, fuzzy controller and fuzzy model
(4) possess the same premises. Then, supposing that all
the states are observable, the i-th controller rule can be
expressed by

Controller Rule 7 :
IF 21 (t) is M;; and, ...
THEN u (t) = —K;z (), (i=1, 2, ---

, and zp, is My,

;1) (5

At the consequent part, fuzzy control rules have linear
state feedback gain. It has been proved that the controller
using the PDC scheme is an approximator for any nonlinear
state feedback controller [9]. The overall fuzzy controller
can be represented as follows

u(t) ==> hi(z (1) Kix (1) 6)
i=1

Therefore, the design of fuzzy controller is to design local
feedback gain K;s. Then, the combination of (4) and (6)
results in the overall closed-loop fuzzy system

& (t) = Z Z hi(z(8)h;(2(1)) [Ai — BiK; o

+ D;F; (Ejn — EpKj)]xz (t)
III. LMI-BASED ROBUST Fuzzy CONTROLLER DESIGN

Before proceeding with the research on stability con-
ditions for the closed-loop fuzzy system (7), some useful
lemmas are introduced first.

Lemma 1: [10] For any constants ¢ > 0, and any
matrices X and Y with appropriate dimensions, we have

XTY +YTX <eXTX 4+ 7YYy (8)
Lemma 2: For matrices X, Y with appropriate dimen-
sions, there exists an arbitrary scalar € > 0, such that

XY + (X)) <exXT 4+ YTy 9)
Proof: As for (8), let X = AT, then X7 = A. From
(8), we have

AY + YTAT < cAAT + YTy

Let A — X, then we have (9).
|
Theorem 1: The closed-loop T-S fuzzy system (7) is
asymptotically stable, if there exist feedback gains K;s and
symmetric positive definite matrix P such that

ELP 4+ P2y — X <0,(i=1,---,7) (10)
ELP+PE;—X;;<0,(1<i<j<r) (1D
(Xij)pu, =5 <0,(1<i<j<r) (12)

where € is an arbitrary positive number, S is a negative
semi-definite matrix chosen by designer, (X;;), . denotes

matrix with element X;;, and

Zi = (A — B;K;))" P+ P(A; — B;K;) +ePD;DI'P
+e7! (Ein — EiZKi)T (En — EpK,;),
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= = |(Ai — BiK;)" P+ P(A; — BK;)
+(A; — BjK;)" P+ P(A; — B;K))
+ePD;D] P +ePD;D] P
+e Y (By — EnkK;)" (B — EpK;)
eV (Bjy — EpK)T (Bj — EjQKi)} /2.

Proof: Choose the Lyapunov candidate as

V (t) = 2T (t) Pz (t)

where P is symmetric positive definite matrix.
Then, the time derivative of the Lyapunov candidate V' (¢)
along the trajectory of (7) is given by

V(1) = @” (t) Pz () + 27 () Pi (t)

= 3 S h(®)hy ()27 (1) (4~ BS)T P

+(Ezl - EZQKJ) FzTDLTP"‘P(AZ - Bsz)

After some manipulations, we have

V()= £ 8 E0)a (1) [(4 - Bk P
+P (Az - BiKi) + (Eﬂ — EiQKZ‘)T FLTD;TP
b (0) by ((0) 27 (0 { [ (4 - Bik)T P
+P(A; — BiK;) + (Ei, — EnK;)" FTDIP
+ PD,F; (Eyy — EiK;)]/2
+|(A; — B;K;)T P+ P(A; — B;K,)
+(Bj1 — BjpK;)" FI'DTP
+ PD;F; (Ej — ]2K )/2)a ()

From Lemma 2 and Assumption 1, we have

V() < 302 ()T (1) [(A; - Bi)" P
=1
+ePD;DI'P + P (A; — B;K;)
+ 671 (Ezl — EizKi)T (E“ — EZQK1)1| €T (t)
+5 30 hi (2(0) by () a7 () { [ (4 = BiE)" P
1<J
+ e (B — EpK;)" (By - EﬂKj)}
+|(4; = ByK;)" P+ P (4; — BjK;)
+€PDJD;TP
+ 5_1 (Ejl — EjQKi)T (Ejl — EJQKZ):| } x (t)

Substitute (10) and (11) into the above inequality, and we
obtain

hy (2(t)) x () X1 X12... Xqp
. he (2(¢)) = (t) Xo1 Xoo... Xop
V() < : X : :
e (1)) 2 (1) X1 Xpaoo Xy
hy (2(1)) = (1)
ha (2(t)) z ()
X N
e (2(0) 2 (1)

Next, substituting (12) into the above inequality yields

wamm ’ Z@@mw
< ) e @) | 2M@ﬂw
h (:(8) 2 (1) he (2(8)) 2 (2)
— o7 (1) 5z (1)
< — Panax (9)] 27T (8) (1)

where A\pax (5) denotes the maximal eigenvalue of negative
semi-definite S. Therefore, the closed-loop fuzzy system (7)
is asymptotically stable.
|

The search for the common matrix P and K;s nowadays
can resort to some efficient numerical methods in terms of
LMIs. How ever, the conditions are not jointly convex in
K;s and P in Theorem 1. Hence, Theorem 2 is proposed,
in which the LMIs are tractable.

Theorem 2: The closed-loop T-S fuzzy system (7) is
asymptotically stable, if there exist matrices M;s and sym-
metric positive definite matrix N such that

Qii *
EﬂN — EiQMi —el <0 (13)
Qij * *
E; N — EigMj —el * <0 (14)
Ele — E]‘QMZ‘ 0 —el
(Yij)pr =@ <0 (15)

where
Qij = AiN + AjN — B;M; — B;M; + NTA; + NT A;

— MIB — MI'BT +eD;D] +eD;DT —V;; — YL,

@ is negative semi-definite matrix chosen by the controller
designer, * denotes the transposed element in the symmetric
position, 1 < ¢ < j < 7 and [ is identity matrix.
Furthermore, feedback gain K;s and symmetric positive
definite matrix P are obtained by

P=N"' K,=MN"! (16)
Proof: Multiply (13)-(15) with P! both left and right
side. Let N = P~', M; = K,P7',Y;; = NX;;N and
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Q= (N),y,S(N),,, by use of Schur complements, we
obtain (13) - (15).
|

Similar results were presented in [8] as follows.

Theorem 3: If there exist a symmetric and positive def-
inite matrix P, some matrices K;s, and some ¢;5, (i, j =
1, ..., r) such that the following LMIs are satisfied, then
the continuous-time T-S fuzzy system (7) is asymptotically
stable via the T-S fuzzy model-based state-feedback con-
troller (6):

\I’ii * *
EyQ+ EoiM;  —e4l * <0 (17)
DT 0 —e;t
Tij * * * *
EuQ+ EoiM;  —eil % * *
Ele + EQjMi 0 *Eijf * *
DF 0 0 —e;'1 *
T -1
D; 0 0 0 —e; 1
<0 (18)

where

Uy =QAT + AT Q + M Bl + B;M;,
Ti; =QAT + A,Q + QAT + A;Q + M B + B; M
+ M B + B;M;,

and Q = P!, M; = K;P~!, where * denotes the
transposed elements in the symmetric positions.

How ever, in comparison with Theorem 3, the results in
Theorem 1 and 2 are much more relaxed. Comparisons are
made as follows.

Example 1: Consider a T-S fuzzy model with two IF-
THEN rules

Rule 1: IF J)l(t) is Mll»

THEN i(t) = (A1 + AAy) 2(t) + (By + ABy) u(t);
Rule 2: IF Il(t) is Mgl,

THEN i(t) = (As + AAs) 2(t) + (B + ABs) u(t),

2 =10 1
a=[1 0 e

a —10 b
A2: 1 1 :|’B2:|:Ols

and for the simplicity of the comparisons, the uncertainty
matrices AA; and AB; are assumed to be zero matrices.

where

The local feedback gains for the two subsystems are
both obtained by placing the poles at —1 and —15. Herein,
parameter a is supposed to vary between 2 and 6. By using
the method in 3, LMI problem of obtaining common P is
feasible only when b < 6.5. The method in [7] is somewhat
relaxed, however, when b > 10, the LMI problem is no
longer feasible. In contrast, with Theorem 1 and 2, the
LMI problem is always feasible even when b < 107. From

TABLE I
PRINCIPAL PARTICULARS OF HYDROFOIL CATAMARAN, HC200B-A1

L.B.P(m) | breadth(m) do(m) A (ton) | speed(knot)
35.84 11.584 3.84 200 40

chord (m) span (m) | xfy (m) | zf2 (M) a2 (%)
0.96 8.32 6.56 —15.84 2

the comparisons, it can be concluded that theorem 1 and
2 can relax the condition of asymptotical stability for T-S
fuzzy system (7), and thus lower the conservativeness of
the controller design.

IV. APPLICATION TO ATTITUDE CONTROLLER DESIGN
FOR HYDROFOIL CATAMARAN

To design the attitude controller for hydrofoil catamaran,
the mathematical model of hydrofoil catamaran is estab-
lished for the boat’s heave and pitch motion first [2].

. . 2 2
m(E+U0) = > Fri+ > Fppi+Fu +mgcost
i=1 i=1

[ V)

2

1 (Tpi —wg) Fpi — ; ( fpi

—(xp —xg)Vecost —2(xg —2y)Lp

Iyyé =

3

—2g)Fppi

(19)
where m is the mass of boat, U is the along-ship velocity,
Fy; is the force arising from hydrofoil, Fp; is the force
from flap, g is gravitational acceleration, i.e. 9.8 m/sz, Fy
is the force relevant to boat’s hulls, Ly is the lift force
of the hulls, and I, is the inertia of moment about Y-
axis. 0 is pitch angle, and £ is boat’s elevation. T f;, Tp;,
x@g, xp and x g are the coordinates of hydrofoil’s lift force,
flap’s lift force, gravitational force, buoyant force and hull’s
lift force on X-axis, respectively. Simulation researches are
carried out, based on hydrofoil catamaran, HC200B-A1, the
principal particulars of which are listed in Table I [1].

Our T-S fuzzy model for hydrofoil catamaran takes boat’s
speed U; as language variable. Its membership functions are
shown in Fig. 1.

Plant Rule ¢: IF U s U;,
THEN °(t) = (A; + AA;)z(t) + (B; + AB;)u(t);

i U1 Uz Us U4 Us
2 o8t
@
@
Qo
€ 0.6
3
£
S 04r
o
=
8 o2t

0

0 5 10 15 20 25
speed(knot)
Fig. 1. Membership function
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Fig. 2. Time response of HC200B-A1’s attitude, i.e. elevation (§) and
pitch angle (8) with controller off

Controller Rule ¢:
IF U is U;, THEN u(t) = K;z(t).

where z¢ () = [£¢,£5,0%,05] denotes state vector, and
u (t) = [app1, ppo] denotes control input [2].

HC200B-A1’s local state-space models in the conse-
quents are obtained through global linearization method, at
5 operating points all covered by the working envelope. The
coefficient matrices of each subsystem can be found in [11].
Suppose that all the elements of uncertain matrices AB;
are zero. Because zero lift angles in model (19) contain
the interactions between fore and aft foils, they tend to
vary with time. Herein, zero lift angles are assumed to
fluctuate between 20% of their nominal values in this study.
Therefore, A A;s are obtained by

AA; = Ai |ag —Ai (a0 x120%) (20)

where A; |4, denotes A; with the nominal value of zero lift
angle ap, and A; [(4,x120%) denotes A; at its 120% times
of the nominal value. Arbitrary positive scalar € and matrix
@ are chosen as 1 and —3I, respectively. By use of Matlab
LMI Control Toolbox, the local feedback gains K;s and
common P are presented in Appendix. To testify the robust
fuzzy controller in Section III, an operating point, e.g. 30
knots, about 55.56 km/h, which is selected arbitrarily, which
is not one of the above 5 operating points.

Simulation results are presented with attitude controller
off in Fig. 2, from which it can be seen that wave-induced
heave and pitch motion are too large to tolerate. During
the simulation research, zero lift angles fluctuate with time,
namely

-1.7¢

0 20 40 60 80 100

time(sec)

281

2.7t

=26

25

2.4r1

0 20 40 60 80 100
time(sec)

Fig. 3. Time response of HC200B-A1’s attitude, i.e. elevation (§) and
pitch angle (6) under control

ap = ap(1 4+ 0.2sint) (21)
Wave parameters are that, ahead sea, wavelength is 100
meters, period 8 seconds, and wave height 5 meters. The
expected elevation ¢ and pitch angle 6 are —1.74 meters
and 2.65°, respectively. Fig. 3 shows the simulation results
under control. Simulation researches manifest that, the
desired attitude can be achieved satisfactorily at the arbitrary
speed, and the wave-induced heave and pitch motion can
also be attenuated efficiently in comparison with Fig. 2.

From Fig. 3, conclusion can be drawn that the drawbacks
of traditional control strategy is overcome successfully by
use of the proposed fuzzy model-based robust controller in
Section III. Fig. 4 displays the control effects to achieve the
performance in Fig. 3, i.e. the variations of fore and aft flap
angle, respectively.

V. CONCLUSIONS AND FUTURE WORKS

A. Conclusions

In this paper, a novel robust fuzzy controller design has
been addressed via fuzzy interpolation of a series of linear
systems. The design is featured by less conservativeness for
a class of nonlinear system with norm-bounded parametric
uncertainties, in which the relationship between the sub-
systems are much closely taken into account. Furthermore,
an example has shown that the effectiveness of the fuzzy
model-based robust controller for hydrofoil catamaran.
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By use of Matlab LMI Control Toolbox, the local feed-
20f 1 back gain K;s and common P for “HC200B-A1” are
1ol presented as follows.

SF o K — [ 25.697 112.54 754.52 661.72 ]
= 171 22986 93.243 885.30 751.17 |’
-10 - -
20 o, — | 21782 96.911 602.55 534.85 |
2= | 20.026 81.636 764.96 48.45 |’
-30 - _
20 40 60 80 100 K — 18.024 76.828 591.19 510.02
time(sec) 3= | 15.929 62.704 671.21 563.14 |
20 K, — [ 6.7346 9.3968 735.78 575.59 ]
47| 43574 3.1563 559.58 435.31 |’
10 - -
- K — 6.6951 10.457 706.59 549.41 |
o 57 | 4.2480 3.4506 537.05 416.46 |’
e
9.9375 x 1073 2.3178 x 1072
-10 23178 x 1072 1.2847 x 1071
P=| 23178 x1072  1.2847 x 107!
-20 20 40 60 80 100 —5.2587 x 1072 1.5426 x 1072
time(sec) —3.8504 x 1072 —7.1486 x 1076

Fig. 4. Time response of fore (cs,1) and aft (afp2) flap control angles

B. Future Works

There is still a lot of further work left to deal with, e.g.
the modelling of six degrees of freedom, how to suppress
the rolling motion of hydrofoil catamaran in rough seas,
and etc.

APPENDIX

The uncertain matrices for HC200B-Al’s state-space
models are presented as follows, at 5 operating points.

[1]

[2]

[3]

[0 1.0598 x107° 0 1.1110 x 1078 ]
AAT — | O 1.8406 x 1071 0 1.9297 x 107*
1 0 4.6447x 107" 0 4.8695 x 107* |° [4]
| 0 —17514 0 7.7904 x 107 |
[0 6.1913x107° 0 6.4921 x 1078 ]
AAT_ | 0 335461070 0 3.5166 x 10~ 15]
2 0 2.3548 0 2.4692x 1072 |°
| 0 —15.098 0 6.5673 x 1072 | ”
[0 6.9025 x107% 0 7.2405 x 1077 ]|
r |0 1.5138 0 1.5879 x 1073
Ady =1 12.392 0 1.2999 x 1072 |° "
| 0 —6.4841 0 7.7885x 107" | "
[0 9.1868 x 1073 0 9.6369 x 1076 ]|
AAT — | O 2.0359 0 2.1357 x 1073 9]
4 0 28.627 0 3.0030 x 1072 |”
| 0 —6.0000 0 1.0949
0 4.5721x1072 0 4.7962 x 107° (10]
A= | O 1.5795 0 1.6569 x 1072 | (1]
5 0 35.247 0 3.6974x 1072 |°
0 —7.9072 0 0.79277
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—5.2587 x 1072 —3.8504 x 102
1.5426 x 1072 —7.1486 x 10~

7.2226 3.7499
3.7499 2.9806
REFERENCES

H. Miyata, Y. Tsuchiya, H. Uotani, H. Nakayama, and H. Kajitani,
“Development of a new-type hydrofoil catamaran (2nd report: Design
of a system with flaps and motion properties),” Journal of the Society
of Naval Architects of Japan, vol. 164, pp. 82-91, 1988.

J. S. Ren and Y. S. Yang, “Fuzzy gain scheduling attitude control
for hydrofoil catamaran,” in Proceedings of the American Control
Conference, Boston, USA, June 2004, pp. 1169-1174.

T. Itoko, S. Higashino, Y. Yamagami, and T. Ikebuchi, “The devel-
opment of an automatic control system for a submerged hull and
foil hybrid super-high-speed liner,” in Proc. Ist Inter Conf. on Fast
Sea Transportation (FAST’91), Trondheim, Norway, Jun. 1991, pp.
997-1012.

T. Arii, H. Yamato, T. Takai, and R. Shigehiro, “Development of
motion control system for a foil-assisted catamaran ‘Superjet-30’,”
in Proc. 2nd Inter. Conf. on Fast Sea Transportation (FAST’93),
Yokohama, Japan, Dec. 1993, pp. 295-316.

P. Korba, R. Babuska, H. Verbruggen, and P. Frank, “Fuzzy gain
scheduling: Controller and observer design based on Lyapunov
method and convex optimization,” IEEE Trans. Fuzzy Syst., vol. 11,
no. 3, pp. 285-298, 2003.

S. Tan, C. C. Hang, and J. S. Chai, “Gain scheduling: From
conventional to neuro-fuzzy,” Automatica, vol. 33, no. 3, pp. 411-
419, 1997.

E. Kim and H. Lee, “New approaches to relaxed quadratic stability
condition of fuzzy control systems,” IEEE Trans. Fuzzy Syst., vol. 8,
no. 5, pp. 523-533, 2000.

H.J. Lee, J. B. Park, and G. Chen, “Robust fuzzy control of nonlinear
systems with parametric uncertainties,” IEEE Trans. Fuzzy Syst.,
vol. 9, no. 2, pp. 369-379, 2001.

H. O. Wang, J. Li, and K. Tanaka, “T-S fuzzy model with linear
rule consequence and PDC controller: A universal framework for
nonlinear control systems,” Internat. J. of Fuzzy Systems, vol. 5, no. 2,
pp. 106-113, 2003.

I. R. Petersen, “A stabilization algorithm for a class of uncertain
linear systems,” Systems Control Lett., vol. 8, pp. 351-357, 1987.
J. S. Ren, Y. S. Yang, and C. J. Zhou, “Design of Takagi-Sugeno
fuzzy controller using PDC and its application to hydrofoil cata-
maran,” Journal of Nonlinear Studies, vol. 11, no. 1, pp. 5-22, 2004.



	MAIN MENU
	Go to Previous Document
	CD-ROM Help
	Search CD-ROM
	Search Results
	Print


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (None)
  /CalCMYKProfile (None)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveEPSInfo false
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /ArialNarrow-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldOblique
    /Times-Oblique
    /Times-Roman
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 2.00333
  /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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 2.00333
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <FEFF005500730065002000740068006500730065002000730065007400740069006e0067007300200074006f0020006300720065006100740065002000500044004600200064006f00630075006d0065006e007400730020007300750069007400610062006c006500200066006f007200200049004500450045002000580070006c006f00720065002e0020004300720065006100740065006400200031003500200044006500630065006d00620065007200200032003000300033002e>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


