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Abstract—In this paper the intersection problem in human-
robot systems with respect to noisy information is discussed. The
interaction between humans and mobile robots in shared areas
requires a high level of safety especially at the intersections of
trajectories. We discuss the intersection problem with respect to
noisy information on the basis of an analytic geometrical model
and its TS fuzzy version. The transmission of a 2-dimensional
Gaussian noise signal, in particular information on human and
robot orientations, through a non-linear static system and its
fuzzy version, will be described. We discuss the problem: Given
the parameters of the input distributions, find the parameters of
the output distributions.

I. INTRODUCTION

Activities of human operators and mobile robots in shared
areas require high attention regarding system stability and
safety. Planning of mobile robot tasks, navigation and obstacle
avoidance were main research activities during many years
[1], [2], [3]. The simultaneous use of the same workspace
requires an adaptation of the behavior of both human agents
and robots to facilitate successful collaboration or to support
separate work for both. In this connection, the recognition of
human intentions to reach at a certain target is an important
aspect which has been reported by [4], [5], [6]. Bruce et al
address a planned human-robot rendezvous at an intersection
zone [7]. Human-like sensors/systems allow for easier and
more natural human-robot interaction because they share their
principle of operation with natural systems [8], [9], [10]. Based
on an estimation of positions and orientations of robot and
human, the intersections of intended linear trajectories of robot
and human are computed. Due to system uncertainties and
observation noise the intersections points are corrupted with
noise as well. Depending on the distance between human and
robot, uncertainties in human/robot orientations with standard
deviations of more than one degree may lead to high uncer-
tainties at the intersection points. Therefore, for the sake of
human safety and for an effective human-robot collaboration it
is essential to predict uncertainties at possible crossing points.
The relationship between human/robot position and orientation
and the intersection coordinates is nonlinear, but can be
linearized under certain restrictions. This is especially true if

we only consider the linear part of correlation between input
and output of a nonlinear transfer element [11], [12]. This is
also valid for small standard deviations at the input. For fuzzy
systems two main directions to deal with uncertain system
inputs are the following: One direction is the processing of
fuzzy inputs (inputs that are fuzzy sets) in fuzzy systems
[13], [14]. Another direction is the fuzzy reasoning with
probabilistic inputs [15] and the transformation of probabilistic
distributions into fuzzy sets [16]. Both approaches fail more
or less to solve the practical problem of the processing of a
probabilistic distribution through a static fuzzy system. The
content and the contribution of this paper is the direct task:
given the parameters of Gaussian distributions at the input of a
fuzzy system, find the corresponding parameters of the output
distributions. The inverse task would be: Given the output
distribution parameters, find the input distribution parameters.
An application is the bearing task for intersections of possible
trajectories emanating from different positions for the same
target. In the following we restrict our consideration to the
direct task and the static one-robot one-human-case in order
to show the general problems and difficulties. Cases that are
relevant for adaptation of velocities and directions of motions
have already been described in [6], [3].

The paper is organized as follows. Section II deals with
Gaussian noise and the bearing problem in general and its
analytical approach. Section III deals with the corresponding
fuzzy approach. In section IV the extension from 2 inputs to 6
inputs is discussed. Section V deals with simulations to show
the influence of the resolution of the fuzzy system onto the
accuracy at the system output. Finally, section VI concludes
the paper.

II. GAUSSIAN NOISE AND THE BEARING PROBLEM

A. Computation of intersections - analytical approach

The following computation deals with the intersection
(𝑥𝑐, 𝑦𝑐) of two linear paths in a plane along which robot and
human will move. Let x𝐻 = (𝑥𝐻 , 𝑦𝐻) and x𝑅 = (𝑥𝑅, 𝑦𝑅)



be the position of human and robot and 𝜙𝐻 and 𝜙𝑅 their
orientation angles (see Fig. 1). Then we have the relations

𝑥𝐻 = 𝑥𝑅 + 𝑑𝑅𝐻 cos(𝜙𝑅 + 𝛿𝑅)

𝑦𝐻 = 𝑦𝑅 + 𝑑𝑅𝐻 sin(𝜙𝑅 + 𝛿𝑅) (1)

𝑥𝑅 = 𝑥𝐻 + 𝑑𝑅𝐻 cos(𝜙𝐻 + 𝛿𝐻)

𝑦𝑅 = 𝑦𝐻 + 𝑑𝑅𝐻 sin(𝜙𝐻 + 𝛿𝐻)

where positive angles 𝛿𝐻 and 𝛿𝑅 are measured from the 𝑦
coordinates counterclockwise. The variables x𝐻 , x𝑅, 𝜙𝑅, 𝛿𝐻 ,
𝛿𝑅, 𝑑𝑅𝐻 and the angle 𝛾 are supposed to be measurable. The
unknown orientation angle 𝜙𝐻 can be computed by

𝜙𝐻 = arcsin((𝑦𝐻 − 𝑦𝑅)/𝑑𝑅𝐻)− 𝛿𝐻 + 𝜋 (2)

Fig. 1. Human-robot scenario

Then after some substitutions we get the coordinates 𝑥𝑐 and
𝑦𝑐 straight forward

𝑥𝑐 =
𝐴−𝐵

tan𝜙𝑅 − tan𝜙𝐻

𝑦𝑐 =
𝐴 tan𝜙𝐻 −𝐵 tan𝜙𝑅

tan𝜙𝑅 − tan𝜙𝐻
(3)

𝐴 = 𝑥𝑅 tan𝜙𝑅 − 𝑦𝑅
𝐵 = 𝑥𝐻 tan𝜙𝐻 − 𝑦𝐻

Rewriting (3) leads to a form that can be used for the
fuzzification of (3)

𝑥𝑐 =
(
𝑥𝑅

tan𝜙𝑅

𝐺
− 𝑦𝑅 1

𝐺

)
−
(
𝑥𝐻

tan𝜙𝐻

𝐺
− 𝑦𝐻 1

𝐺

)
𝑦𝑐 =

(
𝑥𝑅

tan𝜙𝑅 tan𝜙𝐻

𝐺
− 𝑦𝑅 tan𝜙𝐻

𝐺

)
−

(
𝑥𝐻

tan𝜙𝐻 tan𝜙𝑅

𝐺
− 𝑦𝐻 tan𝜙𝑅

𝐺

)
(4)

𝐺 = tan𝜙𝑅 − tan𝜙𝐻

from which we see that x𝑐 = (𝑥𝑐, 𝑦𝑐)
𝑇 is linear in x𝑅𝐻 =

(𝑥𝑅, 𝑦𝑅, 𝑥𝐻 , 𝑦𝐻)𝑇

x𝑐 = 𝐴𝑅𝐻 ⋅ x𝑅𝐻 (5)

where

𝐴𝑅𝐻 = 𝑓(𝜙𝑅, 𝜙𝐻) =

1

𝐺

(
tan𝜙𝑅 −1 − tan𝜙𝐻 1

tan𝜙𝑅 tan𝜙𝐻 − tan𝜙𝐻 − tan𝜙𝑅 tan𝜙𝐻 tan𝜙𝐻

)

The TS-fuzzy approximation of (5) (see [3]) is given by

x𝑐 =
∑
𝑖,𝑗

𝑤𝑖(𝜙𝑅)𝑤𝑗(𝜙𝐻) ⋅𝐴𝑅𝐻𝑖,𝑗 ⋅ x𝑅𝐻 (6)

𝑤𝑖(𝜙𝑅), 𝑤𝑗(𝜙𝐻) ∈ [0, 1] are normalized membership func-
tions with

∑
𝑖 𝑤𝑖(𝜙𝑅) = 1 and

∑
𝑗 𝑤𝑗(𝜙𝐻) = 1. The

following paragraph deals with the accuracy of the computed
intersection in the case of distorted orientation information.

B. Transformation of Gaussian distributions

1) General considerations: Let us consider a static nonlin-
ear system

z = 𝐹 (x) (7)

with 2 inputs x = (𝑥1, 𝑥2)
𝑇 and 2 outputs z = (𝑧1, 𝑧2)

𝑇 .
Let further the uncorrelated Gaussian distributed inputs 𝑥1 and
𝑥2 be described by the 2-dim distribution

𝑓𝑥1,𝑥2
=

1

2𝜋𝜎𝑥1
𝜎𝑥2

𝑒𝑥𝑝(−1

2
(
𝑒2𝑥1

𝜎2
𝑥1

+
𝑒2𝑥2

𝜎2
𝑥2

)) (8)

where 𝑒𝑥𝑖
= 𝑥𝑖−𝑥𝑖, 𝑥𝑖 - mean(𝑥𝑖), 𝜎𝑥𝑖

- standard deviation
𝑥𝑖, 𝑖 = 1, 2.

The question arises how the output signals 𝑧1 and 𝑧2 are
distributed in order to obtain their standard deviations and the
correlation coefficient between the outputs. For linear systems
Gaussian distributions are linearly transformed which means
that the output signals are also Gaussian distributed. In general,
this does not apply for nonlinear system as in our case.
However, if we assume the input standard deviations small
enough then we can construct local linear transfer functions for
which the output distributions are nearly Gaussian distributed
but correlated in general.

𝑓𝑧1,𝑧2 =
1

2𝜋𝜎𝑧1𝜎𝑧2
√

1− 𝜌2𝑧12
⋅ (9)

𝑒𝑥𝑝(− 1

2(1− 𝜌2𝑧12)
(
𝑒2𝑧1
𝜎2
𝑧1

+
𝑒2𝑧2
𝜎2
𝑧2

− 2𝜌𝑧12𝑒𝑧1𝑒𝑧2
𝜎𝑧1𝜎𝑧2

))

𝜌𝑧12 - correlation coefficient.



2) Differential approach: Function F can be described by
individual smooth and nonlinear static transfer functions

𝑧1 = 𝑓1(𝑥1, 𝑥2)

𝑧2 = 𝑓2(𝑥1, 𝑥2) (10)

Linearization of (10) yields

dz = 𝐽 ⋅ dx 𝑜𝑟 ez = 𝐽 ⋅ ex (11)

with

ez = (𝑒𝑧1 , 𝑒𝑧2)
𝑇 𝑎𝑛𝑑 ex = (𝑒𝑥1 , 𝑒𝑥2)

𝑇

dz = (𝑑𝑧1, 𝑑𝑧2)
𝑇 𝑎𝑛𝑑 dx = (𝑑𝑥1, 𝑑𝑥2)

𝑇

𝐽 =

(
∂𝑓1/∂𝑥1, ∂𝑓1/∂𝑥2
∂𝑓2/∂𝑥1, ∂𝑓2/∂𝑥2

)

3) Specific approach to the intersection: Beside the exact
solution (4) it is recommended to search for a differential
approach of the intersection problem. This comes into play
when the contributing agents, robot and human, change their
directions of motion. Another aspect is to quantify the uncer-
tainty of x𝑐 in the presence of uncertainty in angles 𝜙𝑅 and
𝜙𝐻 or in x𝑅𝐻 = (𝑥𝑅, 𝑦𝑅, 𝑥𝐻 , 𝑦𝐻)𝑇 .

Differentiating of (4) with x𝑅𝐻 = 𝑐𝑜𝑛𝑠𝑡. yields

ẋ𝑐 = 𝐽 ⋅ 𝜙̇
𝜙̇ = (𝜙̇𝑅 𝜙̇𝐻)𝑇 ; 𝐽 =

(
𝐽11 𝐽12
𝐽21 𝐽22

)
(12)

where

𝐽11 =
( − tan𝜙𝐻 1 tan𝜙𝐻 −1

) x𝑅𝐻

𝐺2 ⋅ cos2 𝜙𝑅

𝐽12 =
(

tan𝜙𝑅 −1 − tan𝜙𝑅 1
) x𝑅𝐻

𝐺2 ⋅ cos2 𝜙𝐻

𝐽21 = 𝐽11 ⋅ tan𝜙𝐻

𝐽22 = 𝐽12 ⋅ tan𝜙𝑅

4) Output distribution: To obtain the distribution 𝑓𝑧1,𝑧2 of
the output signal we invert (11) and substitute the entries of
ex into (8)

ex = 𝐽 ⋅ ez (13)

with 𝐽 = 𝐽−1 and

𝐽 =

(
𝐽11 𝐽12
𝐽21 𝐽22

)
=

(
jxz
jyz

)
(14)

where jxz = (𝐽11, 𝐽12) and jyz = (𝐽21, 𝐽22). Entries 𝐽𝑖𝑗
are the result of the inversion of 𝐽 . From this substitution
which we get

𝑓𝑧1,𝑧2 = 𝐾𝑥1,𝑥2 ⋅
𝑒𝑥𝑝(−1

2
⋅ ez

𝑇 ⋅ (jx1,z
𝑇 , jx2,z

𝑇 ) ⋅ 𝑆−1
𝑥 ⋅

(
jx1,z

jx2,z

)
⋅ ez) (15)

where 𝐾𝑥1,𝑥2
= 1

2𝜋𝜎𝑥1
𝜎𝑥2

and

𝑆−1
𝑥 =

(
1

𝜎2
𝑥1

, 0

0, 1
𝜎2
𝑥2

)
(16)

The exponent of (15) is rewritten into

𝑥𝑝𝑜 = −1

2
⋅ [𝑒2𝑧1(

𝐽2
11

𝜎2
𝑥1

+
𝐽2
21

𝜎2
𝑥2

) + 𝑒2𝑧2(
𝐽2
12

𝜎2
𝑥1

+
𝐽2
22

𝜎2
𝑥2

) +

2 ⋅ 𝑒𝑧1𝑒𝑧2(
𝐽11𝐽12
𝜎2
𝑥1

+
𝐽21𝐽22
𝜎2
𝑥2

)] (17)

Let

𝐴 = (
𝐽2
11

𝜎2
𝑥1

+
𝐽2
21

𝜎2
𝑥2

); 𝐵 = (
𝐽2
12

𝜎2
𝑥1

+
𝐽2
22

𝜎2
𝑥2

)

𝐶 = (
𝐽11𝐽12
𝜎2
𝑥1

+
𝐽21𝐽22
𝜎2
𝑥2

) (18)

then a comparison of xpo in (17) and the exponent in (9)
yields

1

(1− 𝜌2𝑧12)
1

𝜎2
𝑧1

= 𝐴;
1

(1− 𝜌2𝑧12)
1

𝜎2
𝑧2

= 𝐵

−2𝜌𝑧12
(1− 𝜌2𝑧12)

1

𝜎𝑧1𝜎𝑧2
= 2𝐶 (19)

from which we finally get the correlation coefficient 𝜌𝑧12 and
the standard deviations 𝜎𝑧1 and 𝜎𝑧2

𝜌𝑧12 = − 𝐶√
𝐴𝐵

1

𝜎2
𝑧1

= 𝐴− 𝐶2

𝐵
;

1

𝜎2
𝑧2

= 𝐵 − 𝐶2

𝐴
(20)

So once we have obtained the parameters of the input
distribution and the mathematical expression for the transfer
function 𝐹 (𝑥, 𝑦) we get the output distribution parameters
straight forward.

III. FUZZY APPROACH

The previous presentation shows that the computation of
the output distribution can be of high effort which might be
problematic especially in the on-line case. Provided that an
analytical representation (7) is available then we have two
methods to build a TS fuzzy model.

Method 1:
Based on values 𝐴𝑖, 𝐵𝑖 and 𝐶𝑖 at predefined orientations
x𝑖 = (𝑥1, 𝑥2)

𝑇
𝑖 = (𝜙𝑅, 𝜙𝐻)𝑇𝑖 we formulate the following

rules

𝑅𝑖 : (21)

𝐼𝐹 x𝑖 = X𝑖 𝑇𝐻𝐸𝑁 𝜌𝑧12 = − 𝐶𝑖√
𝐴𝑖𝐵𝑖

𝐴𝑁𝐷
1

𝜎2
𝑧1

= 𝐴𝑖 − 𝐶2
𝑖

𝐵𝑖
𝐴𝑁𝐷

1

𝜎2
𝑧2

= 𝐵𝑖 − 𝐶2
𝑖

𝐴𝑖



where X𝑖 are fuzzy terms for x𝑖, 𝑙 - number of fuzzy terms,
𝑘 - number of variables, 𝑘 = 2, 𝑖 = 1...𝑛, 𝑛 = 𝑙𝑘 - number
of rules

From this set of rules we obtain

𝜌𝑧12 = −
∑
𝑖

𝑤𝑖(x)
𝐶𝑖√
𝐴𝑖𝐵𝑖

1

𝜎2
𝑧1

=
∑
𝑖

𝑤𝑖(x)(𝐴𝑖 − 𝐶2
𝑖

𝐵𝑖
) (22)

1

𝜎2
𝑧2

=
∑
𝑖

𝑤𝑖(x)(𝐵𝑖 − 𝐶2
𝑖

𝐴𝑖
)

𝑤𝑖(x) = Π2
𝑙=1𝑤𝑖(𝑥𝑙), 𝑤𝑖(𝑥𝑙) ∈ [0, 1] are weighting functions

with
∑

𝑖 𝑤𝑖(x) = 1

Method 2:
Based on values 𝐴𝑖, 𝐵𝑖 and 𝐶𝑖 at predefined orientations x𝑖,
𝑖 = 1...𝑛, 𝑛2 - number of rules we compute the corresponding
𝜌𝑧12 𝑖,

1
𝜎2
𝑧1 𝑖

, 1
𝜎2
𝑧2 𝑖

. From this we formulate the following rules

𝑅𝑖 : (23)

𝐼𝐹 x𝑖 = X𝑖 𝑇𝐻𝐸𝑁 𝜌𝑧12 = 𝜌𝑧12 𝑖

𝐴𝑁𝐷
1

𝜎2
𝑧1

=
1

𝜎2
𝑧1 𝑖

𝐴𝑁𝐷
1

𝜎2
𝑧2

=
1

𝜎2
𝑧2 𝑖

From (23) we get

𝜌𝑧12 = −
∑
𝑖

𝑤𝑖(x)𝜌𝑧12 𝑖

1

𝜎2
𝑧1

=
∑
𝑖

𝑤𝑖(x)
1

𝜎2
𝑧1 𝑖

(24)

1

𝜎2
𝑧2

=
∑
𝑖

𝑤𝑖(x)
1

𝜎2
𝑧2 𝑖

Both methods seem to be of equal quality, but simulations
show that this is not always the case due to the different levels
of computation at which the fuzzy interpolation takes place.

IV. EXTENSION TO 6 INPUTS AND 2 OUTPUTS

A. Non-fuzzy approach

The previous section dealt with two orientation inputs and
two intersection position outputs where the position coordi-
nates of robot and human are assumed to be constant. Let us
again consider the nonlinear system

xc = 𝐹 (x) (25)

where 𝐹 denotes a nonlinear system. Here we have 6 inputs
x = (𝑥1, 𝑥2, 𝑥3, 𝑥4, 𝑥5, 𝑥6)

𝑇 and 2 outputs xc = (𝑥𝑐, 𝑦𝑐)
𝑇 .

For the bearing problem we get x = (𝜙𝑅, 𝜙𝐻 , 𝑥𝑅, 𝑦𝑅, 𝑥𝐻 , 𝑦𝐻)
Let further the uncorrelated Gaussian distributed inputs 𝑥1

... 𝑥6 be described by the 6-dim distribution

𝑓𝑥𝑖 =
1

(2𝜋)6/2∣𝑆𝑥∣1/2 𝑒𝑥𝑝(−
1

2
(ex

𝑇𝑆𝑥
−1ex)) (26)

where ex = (𝑒𝑥1, 𝑒𝑥2, ..., 𝑒𝑥6)
𝑇 ; ex = x− x̄, x̄ - mean(x),

𝑆𝑥 - covariance matrix.

𝑆𝑥 =

⎛
⎜⎝

𝜎2
𝑥1

0 ... 0
0 𝜎2

𝑥2
... 0

... ... ... ...
0 ... 0 𝜎2

𝑥6

⎞
⎟⎠

The output distribution is again described by

𝑓𝑥𝑐,𝑦𝑐 =
1

2𝜋𝜎𝑥𝑐𝜎𝑦𝑐
√

1− 𝜌2
⋅ (27)

𝑒𝑥𝑝(− 1

2(1− 𝜌2) (e
T
xc
𝑆𝑐

−1exc − 2𝜌𝑒𝑥𝑐𝑒𝑦𝑐
𝜎𝑥𝑐𝜎𝑦𝑐

))

𝑆𝑐
−1 =

(
1

𝜎2
𝑥𝑐

, 0

0, 1
𝜎2
𝑦𝑐

)
(28)

𝜌 - correlation coefficient.
In correspondence to (7) and (10) function F can be de-

scribed by

𝑥𝑐 = 𝑓1(x); 𝑦𝑐 = 𝑓2(x) (29)

Furthermore we have in correspondence to (12)

ex𝑐 = 𝐽 ⋅ ex; 𝐽 =

(
𝐽11 𝐽12 ... 𝐽16
𝐽21 𝐽22 ... 𝐽26

)
(30)

where

𝐽𝑖𝑗 =
∂𝑓𝑖
∂𝑥𝑗

, , 𝑖 = 1, 2 , 𝑗 = 1, ..., 6 (31)

Inversion of (30) leads to

ex = 𝐽 𝑡 ⋅ exc = 𝐽 ⋅ exc (32)

with the pseudo inverse 𝐽 𝑡. Renaming 𝐽 𝑡 = 𝐽 yields

𝐽 =

(
𝐽11 𝐽12
... ...
𝐽61 𝐽62

)
; (33)

Substituting (30) into (26) we obtain

𝑓𝑥𝑐,𝑦𝑐 = 𝐾𝑥𝑐𝑒𝑥𝑝(−
1

2
(exc

𝑇𝐽𝑇𝑆𝑥
−1𝐽exc)) (34)

where 𝐾𝑥𝑐
represents a normalization of the output distribu-

tion and

𝐽𝑥𝑐 = 𝐽𝑇𝑆𝑥
−1𝐽 =

(
𝐴 𝐵
𝐶 𝐷

)
where

𝐴 =

6∑
𝑖=1

1

𝜎2
𝑥𝑖

𝐽2
𝑖1; 𝐵 =

6∑
𝑖=1

1

𝜎2
𝑥𝑖

𝐽𝑖1𝐽𝑖2 (35)

𝐶 =

6∑
𝑖=1

1

𝜎2
𝑥𝑖

𝐽𝑖1𝐽𝑖2; 𝐷 =

6∑
𝑖=1

1

𝜎2
𝑥𝑖

𝐽2
𝑖2

Substitution of (35) into (34) leads with 𝐵 = 𝐶 to

𝑓𝑥𝑐,𝑦𝑐 = 𝐾𝑥𝑐𝑒𝑥𝑝(−
1

2
(𝐴𝑒2𝑥𝑐

+𝐷𝑒2𝑦𝑐 + 2𝐶𝑒𝑥𝑐𝑒𝑦𝑐)) (36)



Comparison of (36) with (27) leads with (33) to

𝜌 = − 𝐶√
𝐴𝐷

1

𝜎2
𝑥𝑐

= 𝐴− 𝐶2

𝐷
;

1

𝜎2
𝑦𝑐

= 𝐷 − 𝐶2

𝐴
(37)

which is the counterpart to the 2-dim input case (20).

B. Fuzzy approach

The first step is to compute values 𝐴𝑖, 𝐵𝑖 and
𝐶𝑖 from (35) at predefined positions/orientations x =
(𝑥1, 𝑥2, 𝑥3, 𝑥4, 𝑥5, 𝑥6)

𝑇
𝑖 . Then, using method 1 we formulate

fuzzy rules 𝑅𝑖, according to (21) and (22) with 𝑖 = 1...𝑛, 𝑙 -
number of fuzzy terms, 𝑘 = 6 - number of variables 𝑛 = 𝑙𝑘

- number of rules. The same applies for method M2 using
rules (23) with subsequent results (24). With such an increase
in the number of inputs, one unfortunately sees the problem
of an exponential increase in the number of rules, which is
associated with a very high computational burden.

For 𝑙 = 7 fuzzy terms for each input variable 𝑥𝑘, 𝑘 = 6 we
end up with 𝑛 = 76 rules which is much to high to deal with
in a reasonable way. So, one has to restrict to a reasonable
number of variables at the input of a fuzzy system. This can
be done either in a heuristic or systematic way [17] to find
out the most influential input variables which is however not
the issue of this paper.

V. SIMULATION RESULTS

Based on the human-robot intersection example, the fol-
lowing simulation results show the feasibility to predict un-
certainties at possible intersections by using analytical and/or
fuzzy models for a static situation. Position/orientation of
robot and human are given by x𝑅 = (𝑥𝑅, 𝑦𝑅) = (2, 0)m
and x𝐻 = (𝑥𝐻 , 𝑦𝐻) = (4, 10)m and 𝜙𝑅 = 1.78 rad,
(= 102∘), and 𝜙𝐻 = 3.69 rad, (= 212∘). 𝜙𝑅 and 𝜙𝐻 are
corrupted with Gaussian noise with standard deviations (std)
of 𝜎𝜙𝑅

= 𝜎𝑥1
= 0.02 rad, (= 1.1∘). Figure 1 depicts the

static positions of robot and human aiming at different goals
with crossing paths. We compared the fuzzy approach with the
analytical non-fuzzy approach as reference using partitions of
60∘, 30∘, 15∘, 7.5∘ of the unit circle for the orientations with
results shown in table I and figures 2-5. Notations in table
I are: 𝜎𝑧1𝑐 - std-computed, 𝜎𝑧1𝑚 - std-measured etc. The
numbers show three general results for the fuzzy approach: 1.
Higher resolution leads to better results. 2. Method M1 leads
to similar results as method M2 for higher resolutions (see also
bold numbers in Table I). For low resolutions M1 works better
than M2. 3. The quality of the results regarding measured
and computed values depends on the shape of membership
functions (mf’s). Lower input std’s (0.02 rad) require Gaussian
mf’s, higher input std’s (0.05 rad = 2.9∘) require Gaussian bell
shape mf’s which can be explained by different smoothing
effects due to different mf-shapes (see columns 4 and 5 in
table I). Results 1 and 2 can be explained by the comparison
of the corresponding control surfaces and the measurements
(black and red dots) to be seen in figures 6 - 10. Figure 6

displays the control surfaces of 𝑥𝑐 and 𝑦𝑐 for the analytical
case (4). The control surfaces of the fuzzy approximations
(6) (see [3]) are depicted in figures 7 - 10. Starting from the
resolution 60∘ (fig. 7) we see a very high deviation compared
to the analytic approach (fig. 6) which decreases more and
more down to resolution 7.5∘ (fig. 10). This explains the high
deviations in standard deviations and correlation coefficients
in particular for sector sizes 60∘ and 30∘.

TABLE I
FUZZIFICATION OF THE JACOBIAN 𝐽†

input std 0.02 Gauss, bell shaped (GB) Gauss 0.05 GB
sector size/ ∘ 60∘ 30∘ 15∘ 7.5∘ 7.5∘ 7.5∘

non-fuzzy 𝜎𝑧1𝑐 0.143 0.140 0.138 0.125 0.144 0.366
fuzzy M1 𝜎𝑧1𝑐 0.220 0.184 0.140 0.126 0.144 0.367
fuzzy M2 𝜎𝑧1𝑐 0.177 0.190 0.141 0.141 0.142 0.368
non-fuzzy 𝜎𝑧1𝑚 0.160 0.144 0.138 0.126 0.142 0.368

fuzzy 𝜎𝑧1𝑚 0.555 0.224 0.061 0.225 0.164 0.381
non-fuzzy 𝜎𝑧2𝑐 0.128 0.132 0.123 0.114 0.124 0.303
fuzzy M1 𝜎𝑧2𝑐 0.092 0.087 0.120 0.112 0.122 0.299
fuzzy M2 𝜎𝑧2𝑐 0.160 0.150 0.120 0.119 0.119 0.306
non-fuzzy 𝜎𝑧2𝑚 0.134 0.120 0.123 0.113 0.129 0.310

fuzzy 𝜎𝑧2𝑚 0.599 0.171 0.0341 0.154 0.139 0.325
non-fuzzy 𝜌𝑧12𝑐 0.576 0.541 0.588 0.561 0.623 0.669
fuzzy M1 𝜌𝑧12𝑐 -0.263 0.272 0.478 0.506 0.592 0.592
fuzzy M2 𝜌𝑧12𝑐 -0.461 0.177 0.481 0.524 0.538 0.535
non-fuzzy 𝜌𝑧12𝑚 0.572 0.459 0.586 0.549 0.660 0.667

fuzzy 𝜌𝑧12𝑚 0.380 0.575 0.990 0.711 0.635 0.592

Fig. 2. Sector size: 60 deg Fig. 3. Sector size: 30 deg

Fig. 4. Sector size: 15 deg Fig. 5. Sector size: 7.5 deg

VI. DISCUSSIONS AND CONCLUSIONS

We discussed the problem of intersections of trajectories
in human-robot systems with respect to uncertainties that are
modeled by Gaussian noise on the orientations of human
and robot. This problem is solved by a transformation from
human-robot orientations to intersection coordinates using a
geometrical model and its TS fuzzy version. Based on the input
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standard deviations of the orientations of human and robot, the
output standard deviations of the intersection coordinates are
calculated. Measurements of the output standard deviations
correspond with the calculated values both for the analytical
and for the fuzzy approach. We presented two competing
methods for fuzzy modeling and extended our method to
human/robot positions as well. The analysis based on the two-
input case was performed under the condition that the nominal
position/orientation of robot and human are constant and
known. The measurements of their orientations are distorted by
Gaussian noise with known parameters. This analysis together
with the fuzzy extension also applies to robots and humans in
motion, as long as the positions of robots and humans can be
reliably estimated. In further work, by using suitable Kalman
filters for the robot and human positions and considering the
position estimates for the calculation of the intersections, it
is possible to take into account the system noise and the
measurement noise at the positions independent of the noise in
the orientations. In terms of uncertainties and noise, multiple-
robot multiple-person problems ([18], [19], [20], [21]) should

be pairwise solved between a single robot and a single person
based on the analysis presented in this paper.

ACKNOWLEDGMENT

This research work has been supported by the AIR-project, Action
and Intention Recognition in Human Interaction with Autonomous
Systems.

REFERENCES

[1] O. Khatib. Real-time 0bstacle avoidance for manipulators and mobile
robots. IEEE Int. Conf. On Robotics and Automation,St. Loius,Missouri,
1985, page 500505, 1985.

[2] J. Firl. Probabilistic maneuver recognition in traffic scenarios. Doctoral
dissertation, KIT Karlsruhe,, 2014.

[3] R. Palm and A. Lilienthal. Fuzzy logic and control in human-robot
systems: geometrical and kinematic considerations. In WCCI 2018: 2018
IEEE International Conference on Fuzzy Systems (FUZZ-IEEE), pages
827–834. IEEE, IEEE, 2018.

[4] Karim A. Tahboub. Intelligent human-machine interaction based on
dynamic bayesian networks probabilistic intention recognition. Journal
of Intelligent and Robotic Systems., Volume 45, Issue 1:31–52, 2006.

[5] T. Fraichard, R. Paulin, and P. Reignier. Human-robot motion: Taking
attention into account . Research Report, RR-8487., 2014.

[6] R. Palm, R.T. Chadalavada, and A. Lilienthal. Fuzzy modeling and
control for intention recognition in human-robot systems. In 7. IJCCI
(FCTA) 2016: Porto, Portugal, 2016.

[7] J. Bruce, J. Wawer, and R. Vaughan. Human-robot rendezvous by co-
operative trajectory signals. pages 1–2, 2015.

[8] L. Robertsson, B. Iliev, R. Palm, and P. Wide. Perception modeling for
human-like artificial sensor systems. International Journal of Human-
Computer Studies 65 (5), pages 446–459, 2007.

[9] R. Palm, B. Iliev, and B. Kadmiry. Recognition of human grasps by
time-clustering and fuzzy modeling. Robotics and Autonomous Systems,
Vol. 57, No. 5.:484–495, 2009.

[10] M. Kassner, W.Patera, and A. Bulling. Pupil: an open source platform
for pervasive eye tracking and mobile gaze-based interaction. In Pro-
ceedings of the 2014 ACM international joint conference on pervasive
and ubiquitous computing, pages 1151–1160. ACM, 2014.

[11] R.Palm and D. Driankov. Tuning of scaling factors in fuzzy controllers
using correlation functions. In Proceedings FUZZ-IEEE’93, San Fran-
cisco, california, 1993. IEEE, IEEE.

[12] P. Banelli. Non-linear transformations of gaussians and gaussian-
mixtures with implications on estimation and information theory. IEEE
Trans. on Information Theory, 2013.

[13] R.Palm and D. Driankov. Fuzzy inputs. Fuzzy Sets and Systems - Special
issue on modern fuzzy control, pages 315–335, 1994.

[14] L.Foulloy and S.Galichet. Fuzzy control with fuzzy inputs. IEEE Trans.
Fuzzy Systems, 11 (4), pages 437–449, 2003.

[15] R. Yager and D. B. Filev. Reasoning with probabilistic inputs. In
Proceedings of the Joint Conference of NAFIPS, IFIS and NASA, pages
352–356, San Antonio, 1994. NAFIPS.

[16] M. Pota, M.Esposito, and G. De Pietro. Transformation of probability
distribution into a fuzzy set interpretable with likelihood view. In IEEE
11th International Conf. on Hybrid Intelligent Systems (HIS 2011), pages
91–96, Malacca Malaysia, 2011. IEEE.

[17] J.Schaefer and K.Strimmer. A shrinkage to large scale covariance
matrix estimation and implications for functional genomics. Statistical
Applications in Genetics and molecular Biology, vol. 4, iss. 1, Art. 32,
2005.

[18] J.Alonso-Mora, A. Breitenmoser, M.Rufli, P. Beardsley, and R. Sieg-
wart. Optimal reciprocal collision avoidance for multiple non-holonomic
robots. Proc. of the 10th Intern. Symp. on Distributed Autonomous
Robotic Systems (DARS), Switzerland, Nov 2010.

[19] M.S.Goodrich and A.C. Schultz. Humanrobot interaction: A survey.
Foundations and Trends in HumanComputer Interaction. Vol.1, No.3,
page 203275, 2007.

[20] C.Thorpe T. Fong and C. Baur. Collaboration, dialogue, and human-
robot interaction. In 10th International Symposium of Robotics Research,
Lorne, Victoria, Australia, Nov. 2001.

[21] R. Palm, R.T. Chadalavada, and A. Lilienthal. Recognition of human-
robot motion intentions by trajectory observation. In 9th Intern. Conf.
on Human System Interaction, HSI2016. IEEE, 2016.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.7
  /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 true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /blex
    /blsy
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /Cmb10
    /CMB10
    /Cmbsy10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /Cmbx10
    /CMBX10
    /Cmbx12
    /CMBX12
    /Cmbx5
    /CMBX5
    /Cmbx6
    /CMBX6
    /Cmbx7
    /CMBX7
    /Cmbx8
    /CMBX8
    /Cmbx9
    /CMBX9
    /Cmbxsl10
    /CMBXSL10
    /Cmbxti10
    /CMBXTI10
    /Cmcsc10
    /CMCSC10
    /Cmcsc8
    /CMCSC8
    /Cmcsc9
    /CMCSC9
    /Cmdunh10
    /CMDUNH10
    /Cmex10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /Cmff10
    /CMFF10
    /Cmfi10
    /CMFI10
    /Cmfib8
    /CMFIB8
    /Cminch
    /CMINCH
    /Cmitt10
    /CMITT10
    /Cmmi10
    /CMMI10
    /Cmmi12
    /CMMI12
    /Cmmi5
    /CMMI5
    /Cmmi6
    /CMMI6
    /Cmmi7
    /CMMI7
    /Cmmi8
    /CMMI8
    /Cmmi9
    /CMMI9
    /Cmmib10
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /Cmr10
    /CMR10
    /Cmr12
    /CMR12
    /Cmr17
    /CMR17
    /Cmr5
    /CMR5
    /Cmr6
    /CMR6
    /Cmr7
    /CMR7
    /Cmr8
    /CMR8
    /Cmr9
    /CMR9
    /Cmsl10
    /CMSL10
    /Cmsl12
    /CMSL12
    /Cmsl8
    /CMSL8
    /Cmsl9
    /CMSL9
    /Cmsltt10
    /CMSLTT10
    /Cmss10
    /CMSS10
    /Cmss12
    /CMSS12
    /Cmss17
    /CMSS17
    /Cmss8
    /CMSS8
    /Cmss9
    /CMSS9
    /Cmssbx10
    /CMSSBX10
    /Cmssdc10
    /CMSSDC10
    /Cmssi10
    /CMSSI10
    /Cmssi12
    /CMSSI12
    /Cmssi17
    /CMSSI17
    /Cmssi8
    /CMSSI8
    /Cmssi9
    /CMSSI9
    /Cmssq8
    /CMSSQ8
    /Cmssqi8
    /CMSSQI8
    /Cmsy10
    /CMSY10
    /Cmsy5
    /CMSY5
    /Cmsy6
    /CMSY6
    /Cmsy7
    /CMSY7
    /Cmsy8
    /CMSY8
    /Cmsy9
    /CMSY9
    /Cmtcsc10
    /CMTCSC10
    /Cmtex10
    /CMTEX10
    /Cmtex8
    /CMTEX8
    /Cmtex9
    /CMTEX9
    /Cmti10
    /CMTI10
    /Cmti12
    /CMTI12
    /Cmti7
    /CMTI7
    /Cmti8
    /CMTI8
    /Cmti9
    /CMTI9
    /Cmtt10
    /CMTT10
    /Cmtt12
    /CMTT12
    /Cmtt8
    /CMTT8
    /Cmtt9
    /CMTT9
    /Cmu10
    /CMU10
    /Cmvtt10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Dcb10
    /Dcbx10
    /Dcbxsl10
    /Dcbxti10
    /Dccsc10
    /Dcitt10
    /Dcr10
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /DoulosSIL
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /KrutiDev040Bold
    /KrutiDev040BoldItalic
    /KrutiDev040Condensed
    /KrutiDev040Italic
    /KrutiDev040Thin
    /KrutiDev040Wide
    /KrutiDev060
    /KrutiDev060Bold
    /KrutiDev060BoldItalic
    /KrutiDev060Condensed
    /KrutiDev060Italic
    /KrutiDev060Thin
    /KrutiDev060Wide
    /KrutiDev070
    /KrutiDev070Condensed
    /KrutiDev070Italic
    /KrutiDev070Thin
    /KrutiDev070Wide
    /KrutiDev080
    /KrutiDev080Condensed
    /KrutiDev080Italic
    /KrutiDev080Wide
    /KrutiDev090
    /KrutiDev090Bold
    /KrutiDev090BoldItalic
    /KrutiDev090Condensed
    /KrutiDev090Italic
    /KrutiDev090Thin
    /KrutiDev090Wide
    /KrutiDev100
    /KrutiDev100Bold
    /KrutiDev100BoldItalic
    /KrutiDev100Condensed
    /KrutiDev100Italic
    /KrutiDev100Thin
    /KrutiDev100Wide
    /KrutiDev120
    /KrutiDev120Condensed
    /KrutiDev120Thin
    /KrutiDev120Wide
    /KrutiDev130
    /KrutiDev130Condensed
    /KrutiDev130Thin
    /KrutiDev130Wide
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MTExtraTiger
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SILDoulosIPA
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /SymbolTiger
    /SymbolTigerExpert
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Tiger
    /TigerExpert
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 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 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 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 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata pogodnih za pouzdani prikaz i ispis poslovnih dokumenata koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


