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Abstract— This paper proposes an operational policy for long-
term hydropower scheduling based on deterministic nonlinear
optimization and annual inflow forecasting models using an
open-loop feedback control framework. The optimization model
precisely represents hydropower generation by taking into
consideration water head as a nonlinear function of storage,
discharge and spillage. The inflow is made available by a
forecasting model based on a fuzzy inference system that
captures the nonlinear correlation of consecutive inflows on an
annual basis, then disaggregating it on a monthly basis. In order
to focus on the ability of the approach to handle the stochastic
nature of the problem, a case study with a single-reservoir system
is considered. The performance of the proposed approach is
evaluated by simulation over the historical inflow records and
compared to that of the stochastic dynamic programming
approach. The results show that the proposed approach leads to
a better operational performance of the plant, providing lower
spillages and higher average hydropower efficiency and
generation.

Index Terms— fuzzy inference systems, inflow forecasting,
long-term hydro-thermal scheduling, nonlinear optimization,
stochastic dynamic programming.

I. INTRODUCTION

NE main concern in Long-Term Hydropower

Scheduling (LTHS) is the stochastic nature of water
inflows. One common approach is to consider the randomness
of inflows by their probability distribution functions and apply
Stochastic Dynamic Programming (SDP) models [1].

SDP has been widely suggested for dealing with reservoir
operational problems due to its ability to handle the nonlinear
relations between variables and the stochastic nature of
inflows. The main drawback is that the computational burden
grows exponentially with the size of the system, the so-called
“curse of dimensionality” [2], and some sort of simplification
is required in the case of multiple-reservoir systems.

One very common simplification consists of using
aggregated composite models to represent multiple-reservoir
systems as if they had a single reservoir [3], [4]. Although
proving only a rough simplification of the hydropower system
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operation, this approach has been applied in many hydropower
systems around the world since it allows the straightforward
application of SDP based methods.

Some approaches try to overcome the drawback of
dimensionality by using Bender’s cuts in a stochastic,
multistage decomposition framework, approximating the
expected costs as piecewise linear functions [5], or using
linear programming tools [6], in all cases some linearization is
assumed [7], [8].

One widely used alternative for the LTHS problem is based
on a deterministic model within the framework of scenario
techniques. In this approach, the operational policy is based on
the solutions of a deterministic optimization model for a set of
different scenarios used to represent the stochastic nature of
inflows [9], [10], [11].

Another effective approach, also based on deterministic
optimization models, is the open-loop feedback control
(OLFC) policy, where the operating decision is obtained for
the most probable inflow scenario provided by a forecasting
model adjusted on a monthly basis. Tests with single-reservoir
systems indicate a performance similar to that using SDP
methodology [12].

This paper proposes an operational policy for LTHS, called
Predictive Control (PC), based on deterministic nonlinear
optimization and annual inflow forecasting models, using an
OLFC framework. The deterministic optimization model
precisely represents hydropower generation by taking into
consideration water head as a nonlinear function of storage,
discharge and spillage. The improvement with respect to
previous work [12] is that inflow is now provided by a
forecasting model based on a Fuzzy Inference System (FIS)
that captures the nonlinear correlation between consecutive
inflows on an annual basis. The annual inflow forecasting is
then disaggregated on a monthly basis. Design aspects of the
optimization model, such as planning horizon and final
reservoir storage conditions, are discussed.

In order to evaluate the ability of the PC approach to handle
the stochastic nature of the problem, a case study with a
single-reservoir hydropower system is considered. Data from a
real Brazilian hydro plant was used. The performance of the
PC approach was evaluated by simulation over the period
represented by historical inflow records and compared with
the results of the SDP approach.

The paper is organized as follows: Section II describes the
deterministic nonlinear optimization model. Section III



presents the proposed PC approach and some implementation
details. Section IV describes the stochastic dynamic
programming approach. Section V describes the FIS model
implemented for inflow forecasting. Section VI presents the
study performed and Section VII states the conclusions of the

paper.

II. DETERMINISTIC NONLINEAR OPTIMIZATION MODEL

The LTHS problem, in its deterministic version and for
single-reservoir hydropower systems, can be formulated as the
following nonlinear programming problem:
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where
t time stage index (months)
T number of time stages in planning period
174 thermal generation cost (in $)
D load demand (in MW)
P hydropower generation (in MW)
X reservoir storage at end of stage (in hm’)
X™  minimum reservoir storage (in hm”)
X™  maximum reservoir storage (in hm’)
u release from reservoir (in m’/s)
U™ minimum release (in m’/s)
q discharge through turbines (in m’/s)
O™ minimum discharge (in n’/s)

mx maximum discharge function (in m’/s)

spillage from reservoir (in m’/s)
constant factor (in MW/(m’/s).m)
forebay elevation function (in m)

tailrace elevation function (in m)
penstock head loss function (in m)

inflow into reservoir (in m’/s)

R ' M S =< R

number of seconds in stage by 10°;

The objective function of an LTHS problem depends on the
specific power system where the hydropower system is
located. In deregulated power markets, for instance, the

objective might be to maximize revenues from selling energy
on the market, whereas in vertical hydrothermal power
systems, it might be to minimize the cost of thermal
generation. In relation to inflow uncertainty, which is the
focus of this paper, the specific objective does not matter.

This paper adopts the thermal generation fuel cost y as the

objective function in (1). Imports from neighboring systems
and load shortage could also be considered as dummy thermal
plants. The cost function y is calculated by the economic

dispatch of thermal plants and, as a consequence, is a convex
decreasing function of hydropower generation P, for a given

load demand D,.

Hydropower generation at stage ¢, represented by (2), is a
nonlinear function of water head and discharge. Water head, in
turn, is a nonlinear function of average reservoir storage, water
discharge through the turbines, and also water spillage from
the reservoir, given by (3). The upper limit of the discharge,
given in (9), is also a nonlinear function of water head. The
constant k represents the product of water density, gravity
acceleration, and average turbine/generator efficiency.

Equality constraints in (4) represent the water balance in the
reservoir, where terms such as evaporation have not been
considered for the sake of simplicity. Lower and upper bounds
on variables, expressed by constraints (7)-(10) are imposed by
the physical operational constraints of hydro plants, as well as
the constraints associated with multiple uses of water. Since
spillage v does not produce energy, and therefore does not
reduce thermal costs, it can be handled as a slack variable. It
will only be different from zero if the release is greater than
discharge’s maximum value (u >¢™ ) and the reservoir can

not accommodate more water (x = x ™).

The solution of the deterministic nonlinear optimization
model (1)-(10) for a given initial reservoir storage x, is
obtained by a network flow algorithm specially developed to
take advantage of the problem structure [13]. Network flow
algorithms are known to be approximately 100 times more
efficient than are classical linear programming algorithms
based on the Simplex Method, and they have been widely
applied to hydropower scheduling. This is because they allow
an efficient representation of the base matrix as a tree in the
network. The network flow algorithm implemented to solve
problem (1)-(10) simplifies the representation of bases (trees)
and the procedure for their change by exploring a network
which has only three arcs (storage, discharge and spillage
variables) leaving each node, with the nodes representing
hydro plants between time stages.

III. PREDICTIVE CONTROL APPROACH

The PC approach corresponds to an operational policy for
LTHS problems based on an OLFC framework. The discharge
decisions at each stage are obtained from a deterministic
nonlinear optimization model for a given inflow sequence
provided by a forecasting model.

In OLFC, the forecasting model provides an inflow
sequence for a given optimization horizon, and the



optimization model provides the optimal discharge solutions
during that time horizon based on the forecasted inflow
sequence. Hence, the optimal discharge for the first stage of
the optimization model will be the PC discharge decision for
the current stage.

This procedure constitutes the decision-making process of
the OLFC approach, which runs under a simulation model
where the decision is implemented. This means that for each
stage of the simulation procedure, the forecasting and
optimization models should be executed over an optimization
horizon in order to obtain the discharge decision to be
implemented.

The feedback control scheme is assured since for each stage
the forecasting model updates the inflow forecasting sequence,
taking into account the last inflow that occurred during the
simulation. Furthermore, for each stage, the optimization
model updates the discharge decision as a consequence of the
new inflow forecasting sequence and of the new initial
reservoir storage resulting from the previously simulated water
balance.

An outline of the PC operational policy for the LTHS
problem is shown in Fig. 1 where, for a given stage ¢ of the
simulation horizon T, the hydro system is observed and the
reservoir storage levels x;,; are taken as the initial condition
for the deterministic optimization model that must solve the
LTHS problem for an optimization horizon 7". This
optimization is accomplished by considering the inflow
sequence y';, 7= supplied by the inflow forecast model, being
the discharge ¢, of the first stage selected as the decision of
the PC operational policy implemented in the simulation. In
the next stage t+1, the resulting state of the system x;, is
observed, and the inflow forecasting is updated on the basis of
the past information y;; .;, including the last inflow which
occurred. This forecasting-optimization procedure is repeated
until the end of the simulation horizon.
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Fig. 1. Open-loop feedback control framework scheme.

One important aspect affecting the performance of the PC
approach is the boundary conditions of the optimization model
in terms of the final storage of the reservoir and the
optimization horizon. Results with perfect foresight over the

whole period of historical inflow records indicate that the
reservoir storage at the beginning of each dry season is almost
always the maximum. With this in mind, the optimization
horizon implemented by the PC approach reported in this
paper adopts a rolling horizon that terminates at the beginning
of the first dry season at least a year in the future with the final
storage as full.

IV. STOCHASTIC DYNAMIC PROGRAMMING APPROACH

Closed-loop feedback control (CLFC) optimization is the
central characteristic of the SDP technique. The goal of the
SDP policy is to determine a rule for decision making for each
stage of the planning period which will provide the optimal
decision for each possible state of the system. Mathematically,
the SDP technique determines a sequence of decision
functions mapping the states onto decisions so as to minimize
expected costs.

In some applications, the system state can be constituted by
only the storage variable, such as when the inflow is
considered to be a stochastic variable independent on time. In
other situations, however, when the stochastic variable of
inflow is modeled by autoregressive models, the system state
must be increased to include the inflow from previous stages
in order to represent the time dependence of inflows, a
procedure which makes the “curse of dimensionality” even
more crucial.

It is assumed here that the stochastic variable representing
inflow during each stage depends on the inflow of the
previous stage. This means that inflows are represented by a
first-order periodic autoregressive model PAR(1) which
describes the stochastic process as a Markov chain [2]. For
reservoir operation, the state variables are the water stored in
the reservoir at the beginning of each stage and the water
inflow during the previous stage, to establish a hydrological
trend. The control variable is the discharge from the reservoir
during the time stage. The LTHS problem, in its stochastic
version, can be formulated as:

T-1
o(x,)=min E, , {Z w,(D,—P) }
al (11)
subject to constraints (2)—(10), where E, () is the expected
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value with respect to the inflow during stage ¢, conditioned by
the inflow during stage #-1. For each stage, decisions are
ranked based on the minimization of the sum of the present
cost plus that of the expected future cost, assuming optimal
decision-making for all subsequent stages. According to
Bellman’s Optimality Principle [2], the optimal decision is
obtained by solving the following recursive equation:

at(xmyt—l) = r%in{l//t(Dt _B)+ J. at+l('xt+l’yt)'

S /J’H)'d%} (12)
where: Q, ={gq, / subject to (2)—(10)}, o,(x,,y,,) represents

the minimum expected operational cost from stage ¢ until the
end of the planning period 7, assuming the system at state



(x,,»,,)> and f(y,/y,,) is the probability density function of

the inflow during stage ¢ conditioned by the inflow in stage
t-1.

The backward resolution of the recursive equation (12)
requires the discretization of the state and control variables, as
well as of the conditioned probability density function of the
inflows, which reinforces the “curse of dimensionality”
already mentioned.

The optimization problem is divided into stages and, for
each stage, the optimal control variable is chosen in order to
minimize the cost function for each possible state of the
system. The state variable is represented by the reservoir
storage combined with the inflow of the previous stage. The
control variable is the water discharge. Indexes i and j are
associated with the discrete inflow variables y, and y.;,
respectively. An outline of this procedure can be seen in Fig.
2.
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Fig. 2. SDP schematic representation.

For the SDP model, not only the time correlation of the
inflow series, but also its probability distribution must be
modeled and these choices may affect the SDP performance
for LTHS. A periodically stationary Gaussian distribution is
generally considered for practical applications, although
periodically stationary distributions do not properly represent
characteristics such as asymmetry and the non-steady behavior
of the variance due to climate changes (dry periods involve
less variance, whereas humid periods involve greater
variance).

In the SDP approach used here, the inflows are
approximated by the normal density distribution, using
lognormal transformation and conditioned periodically
stationary distribution [16].

V. INFLOW FORECASTING MODELING

A. Fuzzy Inference Model

Various approaches exploiting the fuzzy logic artificial
intelligence have emerged in the past years as an alternative to
the construction of effective predictors for their ability of
efficiently mapping the non-linear nature of relations between
independent and dependent variables [17]. Indeed, a great

variety of strategies using neural networks and fuzzy systems
have proved their efficiency for time series prediction,
especially for river streamflow forecasting [18], [19].

In this work inflow is forecasted using a nonlinear model
based on a Fuzzy Inference System (FIS), which is based on
the first order Takagi-Sugeno (TS) fuzzy system [20]. The
general structure adopted for the FIS is depicted in Fig. 3,

t t t . . .
where x' =[x,",x, s Xy J€ R? is the input vector at instant

tand 7' € R is the output model for input x'.
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Fig. 3. FIS general representation.

Input space is partitioned in M sub-regions, with each one
of these represented by a fuzzy rule R, i=1,..,M. Each input
pattern will have a certain degree of membership in relation to
each region of the partitioned input space, calculated with
Gaussian membership functions g,(x')=g,' that strongly
depend on centers and covariance matrices related to the fuzzy
partitioning and membership functions. Therefore, the model
output ', representing the predicted value for a future time
stage, is calculated by means of the non-linear weighted

averaging between local output y,’ and their respective

degree of membership g,-t, according to the following
equation:

M

V=2 Xy (13)
i=1

The number of fuzzy rules codified in the model structure is

defined using an unsupervised clustering algorithm called the

Subtractive Clustering algorithm, proposed in [21]. In this

case, consequents of the fuzzy rule were defined as linear

models, so that y," =6, xx".
Model parameters (spreads and coefficients for local

models) were adjusted in an offline fashion using the
Expectation Maximization algorithm [22].

B. Forecast Approaches

Two approaches were evaluated for obtaining the inflow
forecast sequences necessary for the PC approach. The first
(FIS-M) consists of adjusting twelve different FIS models, one
for each month of the year. Generally, these models are
optimized by considering a one-step-ahead forecast error,



which results in the degradation of performance when applied
to a long-term forecasting task, although their performance is
relatively good for one-step-ahead inflow forecasting.

The second approach, which is the contribution of this
paper, deals with LTHS through the reduction of the long-term
forecasting error by using a top-down forecast strategy (FIS-
A). Top-down forecasting (TD) is extremely useful for
improving the accuracy of detailed forecasts [23], since errors
are compensated and variations can cancel each other out.

The FIS-A approach predicts the aggregation of the twelve
future monthly inflow samples (the aggregate inflow for the
next year) by adjusting twelve different models on an annual
basis, the m-th FIS model thus provides the aggregate of the
sample for the next twelve months. Let the annual aggregate
forecast given by the annual m-th FIS model be represented by

P .., » Where m also represents the actual month of stage .

The estimates for the inflows for the next & months are

~Lm

represented by p,, with k=¢+1,..,¢+h . Thus, p"" . is
defined as:

t+h

J;t,m FIS-4 zj}k

k=t+1
where /4 represents the forecast horizon (lead time) adopted
during the PC approach; in this case, it is set to #=12. Then,
instead of adjusting twelve FIS models for monthly
streamflow forecasting in a direct way, the TD approach (FIS-
A) adjusts twelve models on an annual basis. Consequently,
the forecast results will then need to be disaggregated into the
respective monthly estimates.

The disaggregation of the annual inflow forecasting into
twelve monthly samples is performed using the historical
contribution factors of each month in the year, based on long-
term average values.

The results presented in the following sections will show
the importance of working with accurate models considering
the aggregate of future monthly samples over the entire
optimization horizon, leading to better results in PC approach
when compared to that of the other forecast strategy analyzed.

(14)

VI. CASE STUDY

The PC and SDP approaches were implemented and tested
in a case study comprising a single-reservoir hydropower
system. The Emborcagdo hydro plant, at the top of the
Paranaiba River in Southeastern part of Brazil was selected.
With an installed capacity of 1.2 GW and usable storage
capacity over 13 km?, it is one of the most important plants in
the region. In order to get a balanced hydro-thermal system,
the thermal plant capacity, in GW, was considered to be equal
to the installed capacity of the hydro plant, and the load
demand was assumed constant and equal to half the installed
capacity of the system.

For the SDP operational policy, a time correlation of lag-
one was assumed between inflows, leading to a stochastic
Markov chain process. In this case, the discretization adopted
for the state variable (storage) was 100, and for the control
variable (discharge) a local search technique based on the

golden section method avoided discretization. The stochastic
variable (inflow) was modeled using a lognormal conditioned
probability density function with 10 discrete values.

The operational cost y, representing the minimum fuel cost

for thermal generation, is given by the quadratic function in
(15) which is a good fit for the cost of thermal generation in
the Brazilian power system.

y =0.02(D, - F,)* (15)

The PC and SDP approaches were implemented and
simulated on a monthly basis for the entire historical inflow
sequence, extending from 1931 to 2008. All constraints
presented in the formulation of the optimization problem (1)-
(10) have been considered in the simulation. The forebay ¢

and tailrace €@ elevations were represented by 4n degree
polynomial functions and the penstock head loss & by a

quadratic function.

A deterministic optimization for the period encompassed by
the historical records provides the perfect foresight (PF)
solution, which was also computed to establish an upper
bound for the performance of the operational policies to be
compared.

Table I summarizes the simulation results in terms of
average values of generation, operational cost, spillage, and
hydropower efficiency. Standard deviation of generation is
also given.

TABLEI
SIMULATION RESULTS

Cost Hydropower [MW] Spillage  Efficiency

$) Avg. Std. Dev. (m?*/s) (MW/m?/s)

PF 8292.85 562.5 135.1 0 1.170
SDP 8974.48 540.9 160.5 17.1 1.156
PCFIS-M 9041.40 542.4 173.3 18.1 1.163
PCFIS-A 8776.53 551.7 169.8 10.2 1.163

As was expected, the PF solution provides the lowest cost,
highest average and lowest standard deviation for hydropower
generation, the highest hydropower efficiency, and no spillage
at all. This high performance was guaranteed since the
decision maker had perfect foresight of future inflows.

In terms of cost, the performance achieved by SDP was
8.22% higher than that of PF. This sub-optimality index can
be interpreted as the “cost of uncertainty”, since it measures
the additional cost due to decision-making faced with the
uncertainty of inflows. For SDP this cost reflects an increase
of 17.1 m®/s in water spillage, a decrease of 0.0014 MW/(m?/s)
in hydropower efficiency, and a reduction of 22.4 MW in
average hydropower generation.

The proposed PC approach using the FIS inflow forecasting
model on a monthly basis (PCFIS-M) leads to a “cost of
uncertainty” of 9.03%, slightly higher than that of the SDP. It
is interesting to note, however, that although the PCFIS-M
solution leads to 1 m*/s more spillage than does the SDP, it
provides an increase of 0.6% in hydropower efficiency and of
1.5 MW in hydropower generation. However, this higher
hydropower generation is provided on a less stable way, as
indicated by the higher standard deviation. In the end, the



PCFIS-M approach leads to an increase in cost of 0.75% over
that of the SDP approach. These results indicate that OLFC
approaches with inflow forecasting on monthly basis perform
slightly worst than CLFC approaches [8].

The PC approach using an FIS model on an annual basis,
then disaggregated on a monthly basis (PCFIS-A) involved
only a 5.83% “cost of uncertainty”, a significant improvement
with respect to the two other approaches considered. This is
due to the fact that the PCFIS-A solution maintains the high
hydropower efficiency of the PCFIS-M while simultaneously
achieving a drastic reduction in spillage, thus resulting in an
increase of 10.8 MW in generation in relation to the results of
SDP.

The superior performance of the PCFIS-A approach can be
atributed to the fact that the discharge decisions of the
optimization model are much more sensitive to the total
annual inflow than to the specific values of any one month.

Fig. 4 shows the reservoir trajectories of the Emborcacio
hydro plant provided by the deterministic nonlinear
optimization model considering a planning period of 22
months from September to April of the second year, starting
with 70% of usable storage and ending with 100%, according
to the design of PCFIS decision-making approach proposed
here. Two different inflow sequences with similar total values
were considered, one starting in 1957, with an average inflow
of 457.5 m’/s, and the other starting in 1993, with an average
inflow 457.6 m?s. The historical inflows and discharges
resulting from the optimization over these periods are
presented in Fig. 5.
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Fig. 4. Reservoir storage based on optimization for similar average inflows.
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Fig. 5. Water flows based on optimization for similar average inflows.

As can be seen, the differences in reservoir storage
trajectories reflect the different profiles of the inflow
sequences considered, but the discharge decisions are
practically the same, because the average inflow of the two
sequences was almost the same.

Therefore, since forecasting errors on an annual basis are
lower than on an monthly basis, forecasting approaches based
on annual inflows (with subsequent disaggregation to monthly
basis) yield better information for optimal decision-making
then do forecasting approaches based on monthly values,
within the framework of OLFC operational policies.

Fig. 6 illustrates the variation in Mean Absolute Percentage
Error (MAPE) considering different forecast horizons
(h=1,..12) on a monthly basis as well as for the two different
inflow forecasting approaches evaluated, FIS-A and FIS-M.

1 2 3 4 5 6 7 8 9 10 11 12
Lead time (months)

—o—FIS-A —=—FIS-M

Fig. 6. Evolution of MAPE for FIS approaches, based on different forecast
horizons.

Based on this figure, one important observation is that the
FIS-M obtains a better performance for forecast horizons for
one to four steps-ahead than does FIS-A. Nevertheless, its
performance gets worse for more future steps ahead although
the FIS-A maintains an almost constant performance for all
lead times. Thus, the FIS-A exceeds the FIS-M in performance
for the steps ahead.

Thus, a partial conclusion, based on this figure, is that the
FIS-A model is more efficient on the long run than the FIS-M,
and despite its poor performance for 2<3, it provides the best
long-term forecasting for monthly inflow samples up to 2=12.

Table II presents the forecasting errors for the aggregate of
the twelve future monthly inflow samples: the Root Mean
Square Error (RMSE), the MAPE and the Mean Absolute
Error (MAE). All error measures are lower for the FIS-A
model, to be expected since it was designed to predict such

aggregated values.
TABLE II
STREAMFLOW FORECAST ERRORS.

RMSE (m¥s) MAPE (%)  MAE (m¥s)
FIS-A 933.05 10.69 545.42
FIS-M 1450.57 20.00 1101.20

In general terms, despite the lower performance of the FIS-
A for the first few steps ahead on a monthly basis, its
performance for the year surpasses that of the FIS-M.



A more detailed comparison of the SDP and PCFIS
approaches is provided in Fig. 7, showing the water reservoir
storage trajectories simulated for the period from 05/1965 to
04/1970. This period comprises 5 years. The third year was
hydrologically average, whereas the fourth was a dry year; the
other three were above average, hydrologically. This can be
seen in Fig. 8, where historical inflows for the period are
presented, along with average monthly values.
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Fig. 7. Reservoir storage from simulation for 1965-1970 historical inflows.
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Fig. 8. 1965-1970 historical inflows and average monthly values.

First of all, the PF solution corresponded to a reduction in
storage for the period from May to October for all the years,
with an increase for that from November to April, thus
presenting five independent hydrological cycles.

Each year the reservoir reduced its storage in the exact
amount necessary to provide refilling without spillage. The
only year that the reservoir did not refill completely was the
dry one because the optimization model, knowing that the next
year would be more wet, stopped refilling at 96% of storage
capacity at the end of the wet season, but this is still a high
storage level. Only with perfect foresight of inflows is it
possible to achieve such perfection for maximization of water
head without spillage.

Comparing the trajectories of the different operational
policies, it is quite clear the best performance was that of the
PCFIS-A. When inflows are above average, as they were in
the fist two years, the PCFIS-A reduces the storage more than
do the other approaches, approximating the PF solution more
closely. On the other hand, when inflow is below average, as
in the 4™ year, the PCFIS-A reduces the storage less than do
the other approaches, again approximating more closely to the

PF solution. In average years, such as the 3 year, the three
approaches provided equivalent performance, quite close to
the PF solution.

Numerical results of the simulation for the 1965-1970
period are presented in Table II1.

TABLE 111
SIMULATION RESULTS FOR 1965-1970 PERIOD

Cost Hydropower [MW] Spillage  Efficiency

$) Avg. Std. Dev. (m?*/s) (MW/m?/s)

PF 6954.18 614.1 118.0 0 1.167
SDp 7483.84 601.2 159.8 15.92 1.168
PCFIS-M 7463.05 606.6 176.0 12.54 1.172
PCFIS-A 7099.57 615.4 151.5 2.53 1.167

For this period, the cost of PCFIS-A was only 2.09% higher
than that of the PF, whereas in month-based models it
indicates over 7.3% of sub-optimality. The water spillage in
the PCFIS-A approach was also different since it was able to
avoid 84.1% of the spillage incurred by SDP.

A gain of 0.36% hydropower efficiency was achieved with
the PCFIS-A approach, for which the hydropower average
generation exceeded that of the PF. However, the stability of
its generation was similar to that of the other operational
policies, as indicated by the variations in standard deviation
(5% lower than in the SDP and 49% higher than in the PF).

VII. CONCLUSION

This paper has presented an operational policy for long-
term hydropower scheduling based on deterministic nonlinear
optimization and annual inflow forecasting models using an
open-loop feedback control framework.

A predictive control operational policy was implemented
using a fuzzy inference system that provides both monthly and
annual inflow forecasts. A single-reservoir hydropower system
was adopted for a case study so that the stochastic dynamic
programming approach could be compared.

The simulation results using historical inflows have
demonstrated the superior performance of the predictive
control approach based on annual forecasts in relation to those
based on monthly inflows. Indeed, both stochastic dynamic
programming and predictive control with monthly forecasts
performed quite similarly.

It was also shown that the discharge decisions of the
optimization model are much more sensitive to the total
annual inflow than are those based on specific values for a
particular month. This in fact explains the expressive
improvements obtained by the use of the preditive approach
with inflow forecasting on annual basis in relation to all
measures.

Therefore, since this annual inflow forecasting model
provides better information for optimal decision-making, it
significantly increases hydropower generation and reduces
operational costs. This reflects the efficiency of the approach
for the management of the reservoir in order to accomodate
possible spillages and gain more hydropower efficiency.

Morover, the proposed approach can also be applied to



more complex problems, such as multireservoir systems,
maintaining a precise representation of the system's non-
linearities, without the need for simplification. This leads to
more stable scheduling, and thus to more economic and
reliable operation.

VIII. REFERENCES

[1] Stedinger, J. R., Sule, B. F. and Loucks, D. P. “Stochastic Dynamic
Programming Models for Reservoir Operation Optimization”. Water
Resources Research, 20(11), pp. 1499-1505, 1984.

[2] Bellman, R. E. “Dynamic Programming”. Princeton University Press,
Princeton, NJ, 1957.

[3] Arvanitidis, N. V and Rosing, J. “Composite representation of a
multireservoir hydroelectric power system”. IEEE Transactions on
Power Apparatus and Systems PAS-89, 319-326, 1970

[4] Cruz, Jr. G. and Soares, S. “Non-Uniforme Composite Representation of
Hydroelectric Systems for Long-Term Hydrothermal Scheduling”. IEEE
Transactions on Power Systems, vol. 11, no. 2, pp. 701-707, 1996.

[5] Pereira, M.V.F. and Pinto, L.M.V.G. “Multi-stage stochastic
optimization applied to energy planning”. Mathematical Programming
52(2), 359-375, 1991.

[6] Valdes, J.B., Filippo, JM.D., Strzepek, K.M. and Restrepo, P.J.
“Aggregation-disaggregation approach to multireservoir operation”.
ASCE Journal of Water Resource Planning Management 121(5), 345—
351, 1995.

[7] Turgeon, A. “Optimal operation of multireservoir systems with
stochastic inflows”. Water Resour. Res. 16(2), 275-283, 1980.

[8] Labadie, J. W. “Optimal Operation of Multireservoir Systems: State-of-
the-art Review”. Journal of Water Resources Planning and Management,
130(2), 93-111, 2004.

[91 Dembo, R.S. “Scenario optimization”, Annals of Operations Research,
30(1), 6380, 1991.

[10] Escudero, L.F., De La Fuente, J.L, Garcia, C. and Prieto, F.J.
“Hydropower generation management under uncertainty via scenario
analysis and parallel computation”. IEEE Trans. on Power Syst. 11(2),
683-689, 1996.

[11] Nabona, N. “Multicommodity network flow model for long-term
hydrogeneration optimization”. IEEE Trans. on Power Syst. 8(2), 395—
404, 1993.

[12] Martinez, L. and Soares, S. “Comparison between Closed-Loop and
Partial Open-Loop Feedback Control Policies in Long-term Hydro-
thermal Scheduling”. IEEE Trans. on Power Syst., 17(2), 2002.

[13] Oliveira, G.G. and Soares, S. “A Second-Order Network Flow
Algorithm for Hydro-thermal Scheduling”. IEEE Trans. on Power Syst.
10(3), 1652-1641, 1995.

[14] Rosenthal, R.E. “A nonlinear network flow algorithm for maximization
of benefits in a hydroelectric power system”. Operations Research 29(4),
763-785, 1981.

[15] Zambelli, M.S., Siqueira, T.G., Cicogna, M.A., Soares, S.
“Deterministic Versus Stochastic Models for Long-term Hydro-thermal
Scheduling”. In: 2006 IEEE Power Engineering Society General
Meeting, Montreal, Canada, June, 2006.

[16] Siqueira, T. G., Zambelli, M. S., Cicogna, M. A., Andrade, M. and
Soares, S. “Stochastic Dynamic Programming for Long-term Hydro-
thermal Scheduling Considering Different Streamflow Models”. In:
PMAPS 2006 - 9th International Conference on Probabilistic Methods
Applied to Power Systems, Stockholm, Sweden, June, 2006.

[17] Mitra, S. and Hayashi, Y. “Neuro-fuzzy rule generation: survey in soft
computing framework”. IEEE Transactions on Neural Networks. 11(3).
pp. 748-768., May, 2000.

[18] Solomatine, D.P. and Siek, M.B. “Modular learning models in
forecasting natural phenomena”. Neural Networks 10(2). pp. 215-224,
2006.

[19] Luna, I, Soares, S. and Ballini, R. “A Constructive vs. an Online
Approach for Time Series Prediction”. IEEE Procs. of the North
American Fuzzy Information Processing Society Meeting — NAFIPS’07.
pp. 256-261, 2007.

[20] Takagi, T. and Sugeno, M. “Fuzzy Identification of Systems and Its
Applications to Modeling and Control”. IEEE Transactions on Systems,
Man and Cybernetics (1), 116-132, January/February 1985.

[21] Chiu, S. “A cluster estimation method with extension to fuzzy model
identification”. Proceedings of the Third IEEE Conference on Fuzzy
Systems, Vol. 2, Orlando - Forida, USA, pp. 1240-1245, 1994.

[22] Jacobs, R., Jordan, M., Nowlan, S. and Hinton, G. “Adaptive Mixture of
Local Experts”. Neural Computation, 3(1): 79-87, 1991.

[23] Lapide, L. “Top-down & bottom-up forecasting in S&OP”. Journal of
Business Forecasting, 25(2). pp. 14-16, 2006.

IX. BIOGRAPHIES

Ménica S. Zambelli (M’2006) Vitéria, Brazil, 1980.
B.Sc. in Computer Engineering, Federal University
of Espirito Santo (UFES), Vitoria, Brazil, 2003;
M.Sc. in Electrical Engineering, State University of
Campinas (UNICAMP), Campinas, Brazil, 2006.
She is currently a Ph.D. student and a research
worker in the Hydro-thermal Power System Group
of the Electrical and Computer Engineering School
at UNICAMP. Research interests include planning
i and operation of hydroelectric power systems,
optimization problems and computational solution techniques, as well as
software modeling and development.

Ivette Luna Lima, Peru, 1978. B.Sc. in
Mechatronic Engineering, National University of
Engineering (UNI), Peru, 2000; M.Sc. and PhD in
Electrical Engineering, UNICAMP, Brazil, 2003 and
2007, respectively.

She is currently a research associate at the
Faculty of Electrical Engineering at UNICAMP.
Among her main topics of interest are time series
analysis and forecasting, neural networks, fuzzy
inference systems, optimization and learning
techniques.

Secundino Soares Filho (M’89, SM’92) Santos,
Brazil, 1949. B.Sc. in Mechanical Engineering,
Aecronautical Technology Institute (ITA), Sao José
dos Campos, Brazil, 1972; M.Sc. and Ph.D. in
Electrical Engineering, UNICAMP, Campinas,
Brazil, 1974 and 1978, respectively.

He joined the staff of UNICAMP in 1976. From
1989 to 1990 he was with the Department of
Electrical Engineering at McGill University in
Canada as a visiting associate professor. He is
currently a professor at the Electrical and Computer
Engineering School of UNICAMP, with research interests involving the
planning and operation of electrical power system.




<<
  /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 /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /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 false
  /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
    /AdobeSansMM
    /AdobeSerifMM
    /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
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /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
    /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
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /CMBX10
    /CMBX12
    /CMBX5
    /CMBX6
    /CMBX7
    /CMBX8
    /CMBX9
    /CMBXSL10
    /CMBXTI10
    /CMCSC10
    /CMCSC8
    /CMCSC9
    /CMDUNH10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /CMFF10
    /CMFI10
    /CMFIB8
    /CMINCH
    /CMITT10
    /CMMI10
    /CMMI12
    /CMMI5
    /CMMI6
    /CMMI7
    /CMMI8
    /CMMI9
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /CMR10
    /CMR12
    /CMR17
    /CMR5
    /CMR6
    /CMR7
    /CMR8
    /CMR9
    /CMSL10
    /CMSL12
    /CMSL8
    /CMSL9
    /CMSLTT10
    /CMSS10
    /CMSS12
    /CMSS17
    /CMSS8
    /CMSS9
    /CMSSBX10
    /CMSSDC10
    /CMSSI10
    /CMSSI12
    /CMSSI17
    /CMSSI8
    /CMSSI9
    /CMSSQ8
    /CMSSQI8
    /CMSY10
    /CMSY5
    /CMSY6
    /CMSY7
    /CMSY8
    /CMSY9
    /CMTCSC10
    /CMTEX10
    /CMTEX8
    /CMTEX9
    /CMTI10
    /CMTI12
    /CMTI7
    /CMTI8
    /CMTI9
    /CMTT10
    /CMTT12
    /CMTT8
    /CMTT9
    /CMU10
    /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
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /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
    /EuroSig
    /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
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-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
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /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
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /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
    /SimHei
    /SimSun
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /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
    /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 200
  /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 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /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 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /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 <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


