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Abstract— This paper presents a methodology to
approximate explicit Model Predictive Control (MPC) laws by
hierarchical fuzzy systems, particularly piecewise-affine
hierarchical (PWAH) systems. These hierarchical controllers
provide high operation speed with low cost in computational
and memory resources because they are formed only by single-
input and single-output (SISO) fuzzy modules connected in
cascade. The methodology employs the CAD tools of Xfuzzy
environment to describe, adjust, verify, and implement the
controllers in a Field Programmable Gate Array (FPGA). The
methodology is illustrated with the design and FPGA
implementation of a hierarchical controller for a car adaptive
cruise control (ACC) system. The resulting controller is better
in terms of speed and FPGA resource consumption than other
solutions reported in the literature.

Keywords—hierarchical fuzzy systems, fuzzy control, fuzzy
CAD tools

I. INTRODUCTION

Model Predictive Control (MPC) obtains the control
action by solving a finite horizon open-loop optimal control
problem at each sampling instant. The high computational
cost involved to solve the optimization problem online is an
obstacle to a wider use of MPC controllers. This has limited
their use to applications of relatively slow dynamics. A
solution proposed to reduce this drawback is the use of
explicit MPC controllers, which solve the optimization
problem offline and compute the optimal control action,
u(x) € R™, as an “explicit” function of the state variables,
x(t) € R™, within a given domain, D, which is assumed to be
polytopic. Hence, online optimization is reduced to a simple
function evaluation, u(x):D < R™ - R™ [1][2]. In most
cases, as explained in [2], such a function is piecewise affine
(PWA) in the state variables, as follows:

ulx) =Fx+g; if xeP, i=1,..,1 (1

Where F; € R™™", g, e R (i =1,..., ), and P; € D are
I non overlapped regions (P;NP; =@ for i # j), called
polytopes, which form a polyhedral partition of the domain
D, fulfilling the relation U/_; P, = D. The domain D is
divided by H n — 1 dimensional hyperplanes of the type
thx +ki=0(=1,.., H), with h; € R" and k; € R. Each

*Research supported by the Projects AT17_5926 USE and US-1265146
(Programa Operativo FEDER 2014-2020 and Consejeria de Economia,
Conocimiento, Empresas y Universidad de la Junta de Andalucia),
TEC2017-83557-R and RTC-2017-6595-7 (AEVFEDER UE).

A. Gersnoviez and M. Brox are with the Department of Electronic and
Computer Engineering, Universidad de Cérdoba, 14071 Coérdoba, Spain
(phone: +34 957212224; e-mail: andresgm@uco.es; mbrox(@uco.es).

1. Baturone is with the Instituto de Microelectronica de Sevilla (IMSE-
CNM), Universidad de Sevilla, CSIC, 41092 Seville, Spain (e-mail:
lumi@imse-cnm.csic.es).

978-1-7281-6932-3/20/$31.00 ©2020 IEEE

hyperplane divides the domain into two parts and their
intersection generates the edges of the I polytopes.

Several implementations of explicit MPC controllers have
been proposed in the literature. Some of them implement the
optimal solution without any approximation, like the so-
called Generic PWA (PWAG) [3], and the Lattice PWA
(PWAL) [4]. Others replace the optimal solution by a sub-
optimal one, so as to gain in latency and memory
requirements, like the so-called Simplicial PWA (PWAS) [5]
and the Hyperrectangular PWA (PWAR) [6]. The problem is
that the complexity of several sub-optimal explicit MPC
implementations increases exponentially with the number of
state variables.

Another implementation of explicit MPC controllers,
referred to as PWAH (PWA Hierarchical), was introduced in
[7]. PWAH systems approximate the optimal MPC control
law and apply a methodology that decomposes it, through the
use of hierarchy, in modules of minimum dimension. They
achieve a high speed and require very few computational and
memory resources, which increase linearly instead of
exponentially with the number of state variables.

One of the problems of fuzzy controllers with many state
variables is also the curse of dimensionality or exponential
rule explosion. To avoid this problem, the hierarchical fuzzy
controllers presented in [8] exploit the idea of dividing a
single controller into several low-dimensional subsystems
connected in cascade so that the growth of the number of
rules become linear rather than exponential with the number
of inputs.

Fuzzy systems, as discussed in [9], may have a piecewise
polynomial behavior under certain conditions. In particular,
they can provide a PWA behavior. This paper proposes a new
type of hierarchical fuzzy controllers and shows how PWAH
controllers are a particular case of them. A methodology to
design them automatically with the aid of software for soft
computing, particularly the Xfuzzy environment, is
described.

The paper is organized as follows. Section II presents a
new type of hierarchical fuzzy controllers in which single-
input single-output (SISO) modules are used, and shows their
relation to PWAH implementations. Section III explains the
design methodology of hierarchical fuzzy controllers with an
adaptive cruise control example. Section IV summarizes how
the CAD tools of Xfuzzy environment facilitate the design.
Finally, conclusions and future work are given in Section V.
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(a) Hierarchical decomposition proposed by Raju et al. in [8] with a minimum number of rules. (b) Hierarchical decomposition proposed

herein with fewer rules.

II. PROPOSAL OF HIERARCHICAL FUzzy CONTROLLERS

A. Providing the smallest number of rules

Hierarchical fuzzy systems were first introduced by Raju
et al. in [8]. In this paper, the authors determine that the
hierarchical decomposition shown in Fig. 1(a), which uses
fuzzy modules (FM) with two inputs connected in series,
achieves the smallest number of rules. Specifically, this
number is (n — 1)m?, assuming n inputs, and that the
universe of discourse of all inputs is described by m fuzzy
sets (for simplicity).

However, if fuzzy modules are combined with purely
arithmetic modules, such as addition/subtraction, further
hierarchical simplification is obtained, decreasing even more
the number of rules. Specifically, the hierarchical structure
we propose is shown in Fig. 1(b), where n SISO fuzzy
modules (FM) are connected in cascade, so that the output of
a FM is added/subtracted with another input and the result of
this operation is the input of the next FM.

The proposed hierarchical fuzzy controllers meet the
following theorem, which is the case illustrated in Fig. 1(b).

Theorem 1: In a hierarchical structure with n input
variables, L hierarchical modules, m > 2 (assuming m the
number of fuzzy sets in the universe of discourse for all
inputs), n = 2 and n; = 1 (where n; is the number of inputs
of the i-th module), the total number of rules will reach the
minimum value when n; =1 (Vi =1,...,L) and, therefore,
L=n

This theorem was already demonstrated by Raju et al. in
their work, but providing (n—1)m? as the minimum
number of rules for the case illustrated in Fig. 1(a). However,
if the universes of discourse of all inputs are described by m
fuzzy sets, then each FM of Fig. 1(b) has m rules, so that the
total number of rules is n-m in the proposed hierarchical
fuzzy controller. As n > 2, the following relationship is met:

n+n=22+ne2n-22ne=2(n—-1)=2n

Taking the above inequality and m > 2 into account, we
have:
nm<2n—1)m<(n—1) m? 2)

Therefore, the proposed hierarchical fuzzy controller
shown in Fig. 1(b) uses fewer rules than the structure in Fig.

1(a).

B. The case of PWAH controllers

The proposed hierarchical fuzzy controllers meet also the
following theorem

Theorem 2: If the SISO fuzzy modules employed in the
hierarchical structure are PWA, the whole hierarchical
system in Fig. 1(b) will have a PWA behavior.

Let us explain this theorem considering an explicit MPC
controller with x(t) = {xq, ..., x,} € R"™ as the state vector
and u(t) € R as the control action. Theorem 2 states that the
PWAH implementation presented in [7] is equivalent to the
hierarchical structure of Fig. 1(b) when the SISO fuzzy
modules employed are PWA.

A SISO PWA FM;, with input in; and output out;,
divides the universe of discourse of in; into I; non overlapped

intervals and provides a linear output according to the
interval i which the input belongs to:

outj = fji . inj + gji (3)
The number of polytopes in a PWAH implementation
with n SISO modules is ]'[?zllj. The search complexity of
the polytope P; where the state vector is located is

logarithmic in the number of polytopes, O(n), because each
SISO FM;j explores its intervals [; to find the interval i

associated to the polytope P; (referred to as Ij(i)). That is, if
x € P;, then (as shown in Fig. 1(b)), x; € I,Ei),
O = %2) €132,

Therefore, the module which provides the control action
(FM; in Fig. 1(b)), verifies for the polytope P; that:

u(x) = fi; - suby + g1 = f1i(y2 — %) + gui @
=f1i¥2 — f1iXn + g1y With (7, — x,) € 11(1)

Substituting the output y, by (f5; - sub, + g,;) and sub,
by (y; — x,,_1), and repeating the steps until the first module
in the hierarchy (FM, in Fig. 1(b)), it can be seen that the
control action provided for the polytope P; is PWA in the
state variables as follows:

sub,_; =
..,and sub, = (y, — x,) € 1.

u(x) =
frif -1 "'flixl_f(n—'l)if(n—z)i e fuxy == (5)
faifriXn-1—fuixa+g; ifx € P;

Where fi;, ..., fn; and g; are constants € R, with:



TABLE L

COMPARISON BETWEEN PWA IMPLEMENTATIONS

Latency (number of clock cycles) Memory (bits to store) Multipliers | Exact optimal MPC
PWAG [3] n+2-d+n-d+2 n;(n+ 1)1+ E) 1 yes
PWAL [4] n+U+1 ny;(n+ DW+ U - (log, X+ 1) 2n yes
PWAS serial [5] n+4 np; JIL, 0 + 1) 1 no (approx.)
PWAR serial [6] n+2 ny;(n+ DL, A+ 1) 1 no (approx.)
PWAH serial [7] n ny >, (3L —1) 1 no (approx.)

9i = ftn-1i "'.fligm’ + fo-2)i  frim-ni 6)
o+ fiigai + gu ifX €P

This equivalence is interesting since hierarchical fuzzy
controllers with a PWA instead of another piecewise
polynomial behavior are simpler to analyze, design, and
implement, as shown in the following.

C. Advantages of PWAH Implementations

Only one clock cycle is required to process the input
through a SISO PWA module and to obtain the valid input
for the following SISO module in the cascade. The circuit
latency (the number of clock cycles between the arrival of a
new state vector value and the calculation of the
corresponding control action) is, therefore, n clock cycles if
n SISO modules are employed to process the n input
variables.

If the number of pieces of a SISO FM; module is ;, then
the input value should be compared to I; — 1 breakpoints to
solve the point location problem. If the number of bits to
represent the breakpoints and the parameters fj; and g; of the
affine pieces is ny;, the number of bits required by the
PWAH implementation is:

Npie * 2ieq [ — 1D + 2L = e - 272, (B — 1) @)

The PWAH implementation is compared with other PWA
implementations reported in the literature in Table I. The
symbols employed are (besides others already defined): the
depth of the binary search tree (d), the number of different
local affine functions (W), the number of edges defining the
polytopes (E), the number of vertices in the simplicial
partition (T[i~;(/; + 1)), the number of rows in the simplified
structure matrix of the lattice representation (X), and U,
which is related to the number of super regions in the lattice
representation [4]. PWAH implementations approximate the
optimal MPC, like PWAS and PWAR realizations. Hence, if
the optimal MPC can be approximated adequately by a
PWAH solution, a high speed is provided with low cost in
computational and memory resources.

III. DESIGN OF HIERARCHICAL Fuzzy CONTROLLERS: ACC
EXAMPLE

The next problem that arises, and which has been the
subject of study until now, is to find the right hierarchical
structure for a specific fuzzy system [10]-[12]. This problem
is quite complex, so it is essential to follow a methodology,
and use a set of CAD tools that facilitate its execution. This
section focuses on hierarchical fuzzy controllers with a PWA
behavior (PWAH) because of their advantages commented
above. In order to explain in greater detail the methodology
to design PWAH controllers presented in [7], this section
describes the implementation of a problem of recent

commercial interest, such as a car adaptive cruise control
(ACC) system.

An ACC system is the evolution of the standard cruise
control (CC) system used in most of the cars today. In this
section, the ACC to be implemented is described in [13]. In
this model, the speed of the host vehicle (v,) and its
acceleration (ay) are available, while the relative distance
between the two vehicles (x,.) and the relative velocity (v, =
v, — vy) are measured by a radar located at the host vehicle.
The goal is to keep the host vehicle to a desired distance x,
from the target vehicle located ahead. To define this distance,
it is often used the desired headway time (ty,, 4), so that
Xrg = Xpo + Vp - thya, Wwhere x,., is a constant that
represents the desired distance at standstill. Therefore, the
tracking error is defined by e = x, 4 — x,.

The model described in [13], along with the
considerations taken in [14], is presented in the form:

1 =T, 0 Zs 0
x(t+1) = g (1) (1) % x(t) + 8 u(t) ®)
0 0 0 1 1

Where Zs =T - tpyq + %TSZ and the state variable x =
[e v. v, ay]”. The sampling time is T, = 0.1s. The PWAH

controller to design has three inputs because the variable v,
is considered to be constant by the model in Equation (8).

The constants mentioned above are x, o = 3.5m, tpy, 4 =
1.58, Vpmax = 50M/S, Up gy = 50mV/s, ap i = —3m/s?,
Ay max = 2m/s>. The constraints of the host jerk (derivative
of the acceleration) are jj i, = —0.3m/s® and jp in =
0.3m/s%, and the radar range is x,,, = 200m.

The optimal explicit PWA controller is obtained with the
following horizons (N,,, N,,) and weight matrices (Q,R):

25 0 0 0

0 500
Ny=N,=4Q=|y o o o/iR=1 )

0 00 1

The first design step is to obtain the set of points X =
{e1,v?,al® u,} to be approximated, with q1=
1,..,50;q2=1,..,50; g3=1,..,50;z=125000.  This
grid partition is carried out in the state domain D =
[-196.5,78.5] X [—50,50] x [—3,2] and the optimal control
actions at the 125000 grid points are computed thanks to
MOBY-DIC Toolbox [15], Hybrid Toolbox [16] and Multi-
Parametric Toolbox [17]. The optimal control action verifies
that Uy, = —0.3 < u < 0.3 = Uy,
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Figure 2. Level curves of the ACC: (a) For the constant value v,.=0.0; (b) For the constant value e=-26.0; (c) For the constant value a,=0.0

The second design step is to find subsets of points that
correspond to level hypersurfaces, Lg, € X. Each level
hypersurface ~ contains ~ Ng,  points, denoted as
(et Vg Api Uq)  With L, = 1,..., Ny, verifying  that
|uqu - Cqu| < & (with &, small). Five level hypersurfaces
{L4, ..., Ls} were analyzed, from C; = —0.2 to C5 = 0.2 in
steps of 0.1, since Uy, = —0.3 S u < 0.3 = Uy, Fig. 2
shows examples of these level hypersurfaces in the optimal
explicit PWA controller obtained for the ACC system.

A. Selection of the input variable to be separated

The objective of the next design steps is to select one of
the n state variables, Xx;, to be separated from the rest (in the
ACC example, there are three state variables), so as to find a
system with the structure of Fig 3(a) able to approximate
the set of points X = {eq1 vr ,ah ,uz} According to
Equation (4), the aim is to express u(x) as:

ux) = frj - (6 —x;) + 915 =
fl]' . xile" - f]_] * X + gljﬂ with (xl-le”—xi) € 11(])
and x/¢” = F,(x, ..., ) Xn)

If Equation (10) is verified, it is possible to express the
points {xuw e Xntus Cqu} of the level hypersurface, Lg,,, as:

(10)

Xi—1r Xi41s o

91j—Cqu
f1j

lev

Xiy = Xjjy +

>

(11)

ev
with xllu =F (xllu' e X(i—D)iw X+ 1) - xnlu)
91j=C
1j

The first condition to check if Equations (10) or (11) are
verified is that F;(.) should be a well-defined function,

and =L—% 3 constant for the interval I ()

which requires it cannot associate different outputs to the
same input. Hence, there should not be equal points
(xuw ...x(i_l)lu,x(iﬂ)lu,...xnlu) in Ly, as a necessary
condition to select x;, because F;(.) would be multivalued
otherwise. Formally:

Nqu}s

Yl buw € {1, ...,

(xlluw x(i—l)luv'x(i+1)luv' xnluv) *

(12)

X1tuws = X(i—-D)luwr X(i+1)luwr == xnluw)

The variable e does not meet this condition as can be seen
in Fig. 2(a). For example, in the level hypersurface Lg (Ju —
0.2] < &) there are several points with values v, = 0.0 and
ap = 1.6. The same happens with v,.. As shown in Fig. 2(b),
L¢ has several points with values e = —26.0 and a, = 1.6.
Hence, the variables e and v, cannot be selected.

The second condition to check is that all the level
hypersurfaces can be represented by the same function F; (.)
displaced in parallel to the axis x;. This happens in Fig. 2(a)
and 2(b), because the level highlighted can be seen displaced
in parallel to the axis ay. To check this quantitatively, the
level hypersurface, L,,;,, with the minimum number of
points, N, is selected to evaluate if the coordinates
corresponding to the state variables x; (j = 1 to n; j # i) in
the points of £,,;,, also appear in the points of any other level
hypersurface, £,,. Formally (with &; small):

Npin}3ls <€ {1, ---:Nu}/|ler -
lli + 1, ., n

vire{1,..,
<, withj=1,..,i-

(13)

—Xjis«

It can be seen that the curves in Fig. 2(a) have the same
grid points of e and that the curves in Fig. 2(b) have the same
grid points of v,..

The third condition is that the differences of the N;,

(®)

Figure 3. Hierarchical structure for the ACC with Xfuzzy tool xfedit: (a) First decomposition; (b) Final PWAH structure.
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Figure 4. Behavior of the module FM, of Fig. 3 and their triangular
membership functions, after its design with Xfuzzy tools.

values of the coordinates corresponding to the state variables
x; in each pair of level hypersurfaces, £,,;,, and £L,, should
be equal or very similar, that is (with &, small):

3c € R/|(xpr — X)) = ¢+ &,

(14)
vir € {1,.., Ny} and Is € {1, ..., N, }

In the examples of Fig. 2(a) and 2(b), it can be seen that
the difference between two curves along the axis a; is
approximately the same. Hence, all the conditions from (12)
to (14) are met by the variable a,.

If the above conditions are fulfilled by several state
variables, x; and others x;, the level hypersurface L,
corresponding to the control action in the equilibrium state,
u = 0, is analyzed in detail (it will also be used to define the
module F,;). If the data of this hypersurface are
(xueq,...,xnleq,uleq) with log = 1,...,Ngq, the variable
selected to be separated, x;, is that whose percentage of
universe of discourse is the least covered by that
hypersurface. Formally:

|%%X{xileq} - rgiqn{xileq}|

|ximax - ximinl -

(15)

|%%X{leeq} - r{}eiqn{leeq}|

V) # i

|xjmax - xjminl

B. Design of the SISO fuzzy modules

Once the state variable x; (the variable a;) has been
selected to be separated, decomposing the system in the
structure of Fig. 3(a), the next objective is to design the
module FM,. For that purpose, the level hypersurface L.,
corresponding to the control action in the equilibrium state,
u =0, is used to define the module F;. It is assumed that
F1(0) =0, because the state variables and control action
should be zero in the equilibrium. This is equivalent to

assume that if sub; = x}f;’q — Xijiegq =0 € Il(eq), then u =
fema(suby) = fry1(0) = 0. Therefore, the points of the
level hypersurface L., verify that:

— L lev
xileq - xileq - (16)

=F (xlleqr e X(i-1)leq) X(i+1)leqr ** rxnleq)

Vr 50.0

0.0

"85
€

Figure 5. Level curves of the block F; in the ACC.
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with leq = 1, ey Neg

Since the level hypersurfaces can be represented by the
same function, F;, displaced in parallel to x;, the points in
the level hypersurfaces Lg, verify that (according to
Equations (11), (14) and (16)):

glju - Cqu
flju

Therefore, if suby = (Xjjoqn — Xuse) € I then u =
frm1 (—blju) = (g Hence, the module FM; in Fig. 3(a) is
adjusted to minimize the sum of squared errors obtained
when considering the points sub, = (xileq* - Xus*) as inputs
and Cg,, as desired output.

— ylev —
Xitsx = Xjs« + - xileq* + blju

(17)

For that objective, the univariate PWA function provided
by the module FM; is obtained by the linear combination of
triangular membership functions, @(sub,), that cover the
input universe of discourse as a partition of unity (that is, the
sum of all the membership functions evaluated at every input
value is always the unity):

frma(sub;) = f:an - @(sub,) (18)

The algorithm employed to adjust the number, P, and
location of the triangular membership functions is based on
the Incremental Grid algorithm, as explained in [18]. The
weights, w,,, of the membership functions are adjusted to
minimize the sum of squared errors by using second-order
algorithms, as explained in [19].

In the case of the ACC system, the partition of unity
obtained is shown at the lower part of Fig. 4, and the PWA
function obtained for the module FM; is shown at the upper
part of Fig. 4.

C. Subsequent decompositions

Once the variable ay, is separated and the module FM; is
designed, the methodology repeats the steps in order to
explore if the block F; can also be decomposed. The
objective is to find if another block, F,, and another SISO
module, FM,, can be introduced. In the case of the ACC
system, the block F, is finally approximated by another
module, FM3, so as to obtain the structure in Fig. 3(b).

The new points to approximate by the decomposition of
the block F; are the subset of X corresponding to the level



hypersurface L., where the control action is u = 0. This
qll _ q21

subset is represented as X; = {eleq N

rleq’ ahleq}-

Since  Apmin = —3 < ap < 2 = Apmax, hnine  level

surfaces were analyzed. They can be seen in Fig. 5.

The state variables e and v, both meet the conditions
expressed by Equations (12) to (14) in the nine level surfaces.
By applying Equation (15), it is verified that the percentage
of universe of discourse covered by e is 55%, while the
percentage covered by v, is 99%. Therefore, the variable
selected to be separated is e, as illustrated in Fig. 3(b). The
level curves in Fig. 5 can be seen as a function F,
(highlighted) displaced in parallel to the axis e.

To design the module FM,, the level surface
corresponding to a, = 0 is used, following the same steps
commented above for the design of the module FM,.
Similarly, the module FM3 is designed using the level curve
corresponding to e = 0.

The final step is to apply again the second-order
Levenberg-Marquardt algorithm to readjust the weights of
the membership functions of all the SISO modules found by
the methodology, so that the final implementation reduces
further the sum of squared errors. The hierarchical structure
designed, provides a good trade-off between high simplicity
and small approximation error (the RMSE obtained is
0.31%).

IV. THE USE OF XFUuzzY CAD TOOLS

Xfuzzy environment [19] allows designing complex
fuzzy systems, from its initial description to its final
implementation [20].

Xfuzzy description tool (xfedif) was used to describe the
several systems analyzed during the design. Fig. 3 shows part
of the xfedit graphical user interface (GUI) employed to
describe the first (Fig. 3(a)) and the final (Fig. 3(b)) systems
analyzed. The tool allows connecting several modules in
cascade and the modules can be defined as operator (crisp)
blocks (in this case subtraction blocks) and as rule bases
(SISO or MISO modules).

Xfuzzy data mining tool (xfdm) allows extracting rule
bases from data files. Among several grid- and clustering-
based algorithms, xfdm includes Incremental Grid algorithm
as one of the grid-based algorithms [18]. In particular, xfdm
allows extracting SISO fuzzy modules based on the linear
combination of triangular membership functions covering the
input universe of discourse as a partition of unity. The

lev ;
e i
77.5

-75.1

-196.5

(@ (®)

Figure 6. Behavior of the modules (a) FM; and (b) FM, of Fig. 3 and
their triangular membership functions, after their design with Xfuzzy

modules FM3, FM, and FM; were designed with xfdm from
their corresponding data files.

Xfuzzy supervised learning tool (xfs/) has multiple
algorithms based on gradient, second-order methods and
algorithms without derivatives to minimize objective
functions (in particular the sum of square errors) [19]. One of
them is Levenberg-Marquardt algorithm, which was applied
in this methodology to adjust the parameters of all the SISO
fuzzy modules. The final behavior of the three modules can
be seen in Fig. 4 and Fig. 6, as well as their associated
triangular membership functions.

To verify that the system behavior is correct, Xfuzzy
environment offers three tools. The tool xfplot plots
graphically the output versus the inputs. It allows both two-
and three-dimensional representations. The monitoring tool,
xfmt, shows the values of the different internal variables for a
given set of inputs. The tool xfsim performs closed-loops
simulations of the controller with the plant (real or modeled),
allowing to study the performance of the controller.

Besides the graphical user interfaces, all Xfuzzy CAD
tools employ a common specification language named XFL3,
which is user-friendly. In order to translate the XFL3-based
descriptions to C, C++, or Java code so as to embed the
designed controller into a software implementation, Xfuzzy
offers the tools xfc, xfcpp, and xfj. For hardware
implementation, Xfuzzy offers two tools: xfsg and xfvhdl.
The first of them, xfsg, based on the use of Xilinx's System
Generator tool on Matlab, allows to generate, from the
controller description, a Simulink model capable of
implementing the system in a Xilinx FPGA (Field
Programmable Gate Array). The second one, xfvhdi,
facilitates the hardware synthesis through the generation of
synthesizable VHDL code over FPGAs or ASICs
(Application Specific Integrated Circuits).

The hierarchical fuzzy controller designed for the ACC
problem was implemented in a FPGA. In this case, another
advantage of PWAH systems is that the first and the last
SISO fuzzy modules can be further simplified if they can be
merged with the input and output signal conditioning
circuitry, as happens in this example. As can be seen in Fig.
6(a), the module FM3 applies a linear transformation to the
input v,, so that it can be performed by the input signal
conditioning, which has to transform the input values to the
range [0,1], in order to implement the hierarchical controllers
with fixed-point arithmetic in the FPGA. In addition, as
shown in Fig. 4, the module FM; applies also a linear
transformation to its inputs, which is saturated for values that
go beyond the interval [0,1]. This is achieved simply by using
the output signal as an unsigned type signal with N bits and
the decimal dot in the N position, applying saturation outside
that range and performing the lineal transformation with the
output signal conditioning circuitry. Therefore, the resulting
hierarchical controller only requires two adders and one
multiplier. Using a Xilinx Spartan-3AN (XC3S700AN)
FPGA, with 16 bits of precision for inputs and outputs, the
designed controller consumes 47 slices (approximately 0.8%
of the available slices on the FPGA) and uses only 1 of the 20
multipliers in the FPGA. The controller has a latency of one
clock cycle and is able to operate at a maximum frequency of
753MHz.
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Figure 7. Comparison of the optimal controller (simulation) with the PWAH controller implemented in a FPGA (hardware-in-the-loop) for the ACC

Table II compares the implementation results of several
PWA controllers reported in the literature for the ACC
problem. All the controllers (PWAG and PWAS in [14], and
PWAL in [4]) are implemented in a Xilinx FPGA Spartan
3AN (XC3S700AN), like the PWAH controller described
herein. The latency values are provided for a frequency of
20MHz. It can be seen that the PWAH controller designed
with the proposed methodology is the fastest, occupies the
least percentage of slices, and does not require any memory.

The hardware implementation of the controller in the
FPGA was co-simulated with a software description of the
ACC plant in Matlab-Simulink. Several simulation results are
shown in Fig. 7. The control achieved by the PWAH system
is so similar to the optimal control that it is difficult to
differentiate one from the other.

V. CONCLUSIONS AND FUTURE WORK

It is not easy to find an adequate hierarchical
decomposition of an explicit MPC control law that is given
as optimal reference, without the application of a
methodology and the aid of CAD tools. This paper has
shown how the CAD tools of Xfuzzy environment facilitate
the design steps of the methodology to approximate explicit
MPC control laws as hierarchical fuzzy controllers, in
particular piecewise-affine hierarchical (PWAH) controllers,
which consist of a cascade of SISO fuzzy modules with a
PWA behavior. The versatility and power of Xfuzzy CAD
tools allow an easy and fast design, which starts with
numerical data files and finishes with the software or
hardware description of the designed controller. This has
been illustrated with the design and FPGA implementation
of a hierarchical controller for the ACC problem. It performs
very close to the optimal explicit MPC controller, using the
least resources compared to other reported implementations.
The use of SISO modules with another piecewise
polynomial behavior will be the object of future work.

REFERENCES
[1] A. Bemporad, M. Morari, V. Dua, and E.N. Pistikopoulos, “The
explicit linear quadratic regulator for constrained systems”,
TABLE IL COMPARISON OF PWA CONTROLLERS FOR THE ACC
Controller Slices | Latency Clock Mem. Mult.
(%) (ns) cycles (KB)
PWAG 87 54 108 33 1
PWAS(serial) 31 04 8 11.5 1
PWAS(parallel) 95 0.15 3 57.6 5
PWAL 5 1.65 33 1.06 8
PWAH 0.8 0.05 1 0 1

Automatica, vol. 38, no. 1, pp. 3-20, 2002.

A. Bemporad, “A multiparametric quadratic programming algorithm

with polyhedral computations based on nonegative least squares”,

IEEE Trans. Autom. Control, vol. 60, no. 11, pp. 2892-2903, 2015.

A. Oliveri, A. Oliveri, T. Poggi, and M. Storace, “Circuit

implementation of piecewise-affine functions base on a binary search

tree”, in Proc. Eur. Conf. Circuit Theory and Design (ECCTD'09),

2009, pp. 145-148.

M.C. Martinez-Rodriguez, P. Brox, and L. Baturone, “Digital VLSI

implementation of piecewise-affine controllers based on lattice

approach™, IEEE Trans. Control Syst. Technol., vol. 23, no. 3, pp.

842-854, 2015.

M. Storace, and T. Poggi, “Digital architectures realizing piecewise-

linear multivariate functions: Two FPGA implementations™, Int. J.

Circuit Theory and Appl., vol. 39, no. 1, pp. 1-15, 2011.

F. Comaschi, B.A.G. Genuit, A. Oliveri, W.P.M.H. Heemels, and M.

Storace, “FPGA implementations of piecewise affine functions based

on multi-resolution hyperrectangular partitions™, IEEE Trans. Circuits

Syst. I: Reg. Papers, vol. 59, no. 12, pp. 2920-2933, 2012.

A. Gersnoviez, M. Brox, and 1. Baturone, “High-Speed and Low-Cost

Implementation of Explicit Model Predictive Controllers”, [EEE

Trans. Control Syst. Technol., vol. 27, no. 2, pp. 647-662, 2019.

G.V.S Raju, J. Zhou, and R.A. Kisner, “Hierarchical fuzzy control”,

Int.lJ. Control, vol. 54, pp. 1201-1216, 1991.

1. Baturone, S. Sanchez-Solano, A. Gersnoviez, and M. Brox, “An

automated design flow from linguistic models to piecewise

polynomial digital circuits”, in Proc. 2010 IEEE Int. Symp. on

Circuits and Systems (ISCAS'10), pp. 3317-3320, 2010.

[10] S. Aja-Fernandez, and C. Alberola-Lopez, “Matrix modeling of
hierarchical fuzzy systems”, IEEE Trans. Fuzzy Syst., vol. 16, no. 3,
pp. 585-599, 2008.

[11] M.G. Joo, and T. Sudkamp, “A method of converting a fuzzy system
to a two-layered hierarchical fuzzy system and its run-time
efficiency”, I[EEE Trans. Fuzzy Syst., vol. 17, no. 1, pp. 93-103, 2009.

[12] B. Mutlu, E.A. Sezer, and M.A. Akcayol, “End-to-end hierarchical
fuzzy inference solution”, in Proc. IEEE Int. Conf. Fuzzy Syst.
(FUZZ-IEEE’18), 2018.

[13] G.J.L. Naus, J. Ploeg, M.J.G. Van de Molengraft, W.P.M.H. Heemels,
and M. Steinbuch, “Design and implementation of parameterized
adaptive cruise control: An explicit model predictive control
approach™, Control Eng. Pract, vol. 18, no. 8, pp. 882-892, 2010.

[14] A. Oliveri, G.J.L. Naus, M. Storace, and W.P.M.H. Heemels, “Low-
complexity approximations of PWA functions: A case study on
adaptive cruise control™, in Proc. Eur. Conf. Circuit Theory and
Design (ECCTD'l1), pp. 669-672, 2011.

[15] MOBY-DIC Toolbox, Available
http://ncas.dibe.unige.it/software/MOBY-DIC_Toolbox

at:

[16] Hybrid Toolbox, Available at:
http:/cse.lab.imtlucca.it/~bemporad/hybrid/toolbox
[17] Multi-Parametric Toolbox, Available at:

http://people.ee.cthz.ch/~mpt/3

[18] 1. Baturone, F.J. Moreno-Velo, A. Gersnoviez, “Identifying fuzzy
systems from numerical data with Xfuzzy”, in Proc. Conf. Eur.Soc.
Fuzzy Logic and Technol. (EUSFLAT 05), pp. 1257-1262, 2005.

[19] Xfuzzy. Fuzzy logic design tools. Available at: http://www.imse-
cnm.csic.es/Xfuzzy

[20] F.J. Moreno-Velo, 1. Baturone, R. Senhadji, and S. Sanchez-Solano,
“Tuning complex fuzzy systems by supervised learning algorithms”,
in Proc. IEEE Int. Conf. Fuzzy Syst. (FUZZ-IEEE’03), pp. 226-231,
2003.





<<
  /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




