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ABSTRACT

In energy harvesting embedded systems, if the harvested power is
sufficient for the workload, extra power will be stored in the
electrical energy storage (EES) bank. How much energy can be
stored is affected by many factors including the efficiency of the
energy harvesting module, the input/output voltage of the DC-DC
converters, the status of the EES elements, and the characteristics
of the workload. This paper investigates the impact of workload
scheduling of the embedded system on the storage efficiency of
the EES bank. We first provide an approximated but accurate
power consumption model of the DC-DC converter. Based on this
model, we analytically prove that an optimal workload schedule is
to always execute high power task first. Experimental results
confirm that proposed scheduling strategy outperforms all other
possible scheduling and increases the amount of stored energy by
up to 10.41% in average.

Categories and Subject Descriptors
C.3 [Special Purpose and Application Specific Systems]: Real-
time and embedded systems

General Terms
Algorithms, Design.

Keywords
Energy harvesting embedded system, electrical energy storage,
scheduling

1. INTRODUCTION

According to a recent survey, longer battery life is more important
to user satisfactory than any other features [1] for mobile
embedded systems such as smartphones and tablet computers.
One promising technique to extend the battery lifetime of these
embedded systems is to integrate an environmental energy
harvesting module as a supplement energy source. Many research
works have proposed to power the embedded system directly from
the harvested energy in order to reduce the battery charging and
discharging overhead [2][6]. When the harvested energy is
abundant, extra energy will be stored into the battery, or in a more
general term, electrical energy storage (EES) element. When the
harvesting rate is low, the embedded system will be powered by
the EES element as usual.

The energy harvesting embedded system is a complex platform
consisting of many components that work collaboratively. And
the energy efficiency of the system can be improved in many
aspects and at different levels of abstraction. From the perspective
of embedded system optimization, the scheduling and operating
frequency/voltage of the embedded processor should be carefully
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selected to satisfy the performance requirement as well as
power/energy constraint. For example, the authors in [6] proposed
an energy-harvesting aware dynamic voltage frequency selection
(EA-DVFS) algorithm, which adjusts the speed of task execution
based on the current energy reserve in the system. In [7], the
energy savings is further improved by exploring task slacks.

From the perspective of energy harvesting optimization, the
operating conditions of the harvesting modules should be set
carefully to generate more power. For example, in order to draw
maximum amount of power from a photovoltaic (PV) array,
various maximum power point tracking (MPPT) methods [8] have
been proposed that dynamically adjust the output current to match
the output impedance. In a recent work [9], the authors proposed a
technique to improve the PV cells’ efficiency under partial
shading conditions.

The DC-DC converters are also important components in the
system and their energy efficiency has drawn lots of attention in
recent works. In [10], the authors proposed an analytic power
model for DC-DC converters and based on this model, the authors
found that the overall energy consumption of the embedded
application and the converter is a convex function of the
processor’s supply voltage. Thus the optimal operating voltage
can be solved by minimizing a convex function. The DC-DC
converter’s power efficiency is also essential to the energy
transfer between different components in the system. For
example, [3][11][12] try to adjust the voltage of charge transfer
interconnect (CTI) and active EES banks to reduce the power
wasted on DC-DC converters. And [4] proposed to reconfigure
the parallel and serial connection of the EES bank to match the
input and output voltage of the DC-DC converter to reduce the
DC-DC converter power consumption.

In this work, we investigate the impact of task scheduling on the
efficiency of an energy harvesting embedded system. More
specifically, we consider the scenario where the harvested energy
is more than enough to power the embedded system and the extra
power can be used to charge an EES bank. Apparently, how much
power is consumed by the embedded system directly affects the
amount of remaining power that goes into the EES bank. For most
EES modules (e.g. supercapacitors), their terminal voltage has a
monotonically increasing relation with the amount of energy
stored. Different input power will increase energy storage at
different rate and hence causes different terminal voltage. This
affects the efficiency of the DC-DC converter, which matches the
voltages between the EES and other system components. As a
result, not all input energy can be stored in the EES and the
efficiency of the EES charging process is affected. Our goal is to
find an optimal schedule of the embedded workload such that the
most energy can be stored into the EES bank.

To facilitate the development of the scheduling algorithm, we first
present a simplified yet accurate approximation to model the



power consumption of a DC-DC converter. Then we consider the
most basic scheduling problem that has only two tasks with
equally short execution time and different power consumptions
under the scenario of fixed energy harvesting rate. Using the
approximated power model, we analytically prove that, in this
special scenario, executing the high power task first enables more
energy to be stored in EES. We then generalize this result to
multiple tasks with arbitrary lengths under general energy
harvesting scenarios.

The following summarizes the technical contributions of this
work:

e Although there have been many publications on battery
aware task scheduling, most of them consider the non-
linear property of battery when it is in discharge mode
[13]. To the best of our knowledge, this is the first work
that optimizes the task scheduling to increase the
efficiency of EES charging process.

e Many of the existing works on EES efficiency
optimization either ignore the impact of DC-DC
converters ([6] and [7]) or minimize the energy waste
on DC-DC using dynamic voltage selection with an
assumption of fixed task scheduling [10]. This is the
first work that investigates the impact of task scheduling
on the energy efficiency with the consideration of the
DC-DC converters.

e Our scheduling algorithm is rigorously proved to be
optimal. The scheduling algorithm has very low
complexity as it only has to sort the tasks based on their
power consumptions.

The rest of this paper is organized as follows. The energy
harvesting embedded system model and the problem definition are
presented in section 2. The proposed scheduling algorithm is
described in section 3. Experimental results and discussions are
presented in section 4. We conclude our paper in section 5.

2. SYSTEM MODEL

In this section, we present the energy harvesting embedded system
model, the DC-DC converter power consumption model and our
problem definition.

2.1 Energy Harvesting Embedded System
Model
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Figure 1. Energy harvesting embedded system architecture

Figure 1 shows the block diagram of the architecture of the energy
harvesting embedded system considered in this paper. The system
consists of the following components, an energy harvesting
module (EHM), several heterogeneous electrical energy storage
(EES) banks (only one bank is shown in the figure) and the

embedded systems, i.e. the energy dissipation module (EDM). All
these components are connected together through Charge
Transfer Interconnect (CTI) and DC-DC converters. We refer
those DC-DC converters as energy conversion modules (ECM).
The DC-DC converters connected to EHM, EDM and ESS are
called ECMgy, ECMgp, and ECMgg respectively. The ECMgg can
further be divided into two function units, ECMgs_charee and
ECMEs_discharges  Which involve in ESS charge and discharge
processes.

Energy is harvested from the environment by EHM and
distributed to other components. Any type of EHM can be
integrated in our system. When the harvested power is more than
sufficient for the embedded workload, the extra power will be
stored in the EES bank for future use. In order to minimize the
power wasted on the DC-DC converter, we assume only one EES
bank is turned on at any time to accept the extra power. The
efficiency of DC-DC converter increases when the difference
between its input and output voltage reduces [4], by setting the
voltage of the Charge Transfer Interconnect (V,;) to be equal to
the V44 of the embedded processor, we can minimize the power
wasted on ECMgp. The very low V;, level used by today’s deep
submicron technology will very likely keep V.; lower than the
terminal voltage of the EES bank, and consequently makes
ECMEgg operate in the boost mode. Therefore, in this paper, we
confine our discussion to the scenario where ECMgg operates in
boost mode.

2.2 The DC-DC Converter Power Model
under Boost Mode

DC-DC converters are placed between system components and
the charge transfer interconnect for voltage and current regulation.
In this paper, we assume that the converters are uni-directional
switching buck-boost converters as shown in Figure 2 ([4]). When
the input voltage V;,, is greater than the output voltage V,,,;, the
DC-DC converter operates at buck mode. Otherwise the DC-DC
converter operates at boost mode. The power consumption P;.q¢
of the DC-DC converter strongly depends on Vy,, V,,; and the
output current I,,¢. It consists of three components: conduction
loss P.g4c¢, switching loss Py, and controller 1oss Pggy;.
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Figure 2. Energy harvesting embedded system architecture
As mentioned earlier, we focus our discussion in the scenario
where the DC-DC converter operates at boost mode. In boost
mode, these three power consumption components can be
expressed as the following ([3]):
Pegct = (Igut/DZ) “(Ry+ (1 =D)Rgyz + D Reys + Reyr +
D-(1-D)-Rc)+ (AD?/12- (R, + (1 = D) - Rgy3 + D -
Rswa + Rsy1 + D - RC)

Pow = Vour  fs - (Qsws + Qswad, Peeri = Vi * Lot
where D =V, /Vyy: is the duty ratio and Al =V, - (1—
D)/(Ls - fs) is the maximum current ripple. f; is the switching
frequency; I, is the current flowing into the controller; R; and

R are the equivalent series resistance (ESR) of inductor L and
capacitor C, respectively; Rgyq. 4 and Qg 4 are the turn-on



resistances and gate charges of the four switches in Figure 2
respectively. As we could see from the above equations, Py.4. is a
complex non-linear function of V;,, V,,,; and I,,,;. To facilitate the
development of an efficient task scheduling algorithm, it is
desirable to derive a simple yet accurate approximation to model
power consumption of the DC-DC converter. We first divide the
P gt to two parts:

12
Peacer =33+ (Ru+ (1= D) Ry + D+ Reyya + Ry + D
~(1=D)Rc)
(an?
Pedctz =T'(RL‘l'(l_D)'st3'|'D'RSWAl"'st1'|'D
‘Re)

It has been shown in [5] that the resistance R,z and Ry, have
about the same value, so the above equations can be reduced to
_ Igut
Peqct1 =Dz’ (R, + Rewa + Rsw1 + D - (1 = D) - R¢)
(AD)?
Peactz = T (Ry + Rswa + Rsw1 + D - R¢)

Because the DC-DC converter operates at boost mode, the
possible region of V¢ is [Viy, +0). When Vi, = Vour, Pedctz =
0; when V,,,; = +00, Pegcpq = +00 and Py, is a finite number.
In both cases, P.4.¢, is negligible compare to P.4.¢q. Therefore,
we eliminate P.4., in the approximation model. Furthermore,
because D = 1 when V;;, = V,,,; and D = 0 when V,,,; = 400, we
also drop the term D(1 — D) - R, in the approximation model
since its value is below 0.25R. which is much smaller than the
other terms in the function. The final approximation model is as
following:

Pacac = Peactr + Psw + Petri 5
LoutVout
= (ouV—'ou) ' (RL + Rgya + stl)
L
+out - fs ' (st3 + st4) + Vin - Leert

To validate our approximation model, we fix the V,,, at 5V and
vary V;, from 1V to 5V and show the actual power consumption
and the approximated power consumption of DC-DC converter in
Figure 3. The red, blue and green lines are for /,,; = 14, 24 and
34 respectively. We can see in the figure that the approximation
model closely tracks the original model.
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Figure 3. Approximation power model under boost mode

2.3 Problem Definition

We define our scheduling problem as following. Given an energy
harvesting embedded system, which is used to process n periodic
tasks Ty, T, ..., T,. The set of tasks are immediately available at

the beginning of a new period. Their durations are ty,t,, ..., t,.
Tasks are independent, non-preemptive, and the processor works
in single task mode. The power consumption of task T; is denoted
as P;. In this work, we do not consider dynamic voltage and
frequency scaling of the embedded processor; therefore, the
power consumption of a task is assumed to be fixed during the
runtime. We assume that the energy harvesting rate is higher than
the power consumption of the EDM, therefore the EES bank
works in charge mode. As we explained in section 2.1, the DC-
DC converter (ECMgs) connecting the EES to the CTI operates in
boost mode. Our goal is to find the optimal task schedule such
that by the time when all tasks are completed the most energy can
be stored into the EES bank.

3. Task Scheduling for Efficient EES
Charging

We refer to the different charging characteristics as charging
phases of the EES bank. When the harvesting rate is given, the
identification of charging phases is solely determined by task
execution. Given a set of tasks and an energy harvesting rate,
executing the task with higher power consumption is equivalent to
charging the EES bank using a lower input power, and vice versa.
Therefore, the task scheduling can also be viewed as charge phase
scheduling. In this work, we use the name highest power
workload first (HPWF) to refer to the scheme that gives the top
priority to execute the workload with the highest power
consumption, and use the name lowest power workload first
(LPWF) to refer to the scheme that gives the top priority to
execute the workload with the lowest power consumption. We
also use names highest power charge first (HPCF) and lowest
power charge first (LPCF) to refer to the scheduling scheme that
generates a sequence of EES charging phases whose input power
follows descending or ascending order respectively. It is obvious
that when the harvesting rate is fixed, LPWF is equivalent to
HPCF and HPWF is equivalent to LPCF.

In this section, we first discuss the optimal charging phase
scheduling and show that LPCF is superior to HPCF. This is
proved first with the assumption that there are only two charging
phases and both have the same durations that are extremely short.
Then we extend this conclusion to scenarios with multiple
charging phases that are equally short. Finally, we remove all
constraint and generalize this conclusion to multiple charging
phases with arbitrary duration. Based on this result, we further
prove that HPWF is superior to LPWF.

3.1 Scheduling of Two Charging Phases with
Very Short Duration

In this subsection, we consider two extremely short charging
phases 7, and t, with duration At — 0, and their charging powers
has the relation P, < Pp;. We denote the initial energy and
voltage of the bank as (Ey, V). With the LPCF scheme, the bank
is charged with Py, in the first phase and then charged with Pp; in
the second phase. The stored energy and voltage of the bank at the
end of phase 1 and phase 2 are denoted as (ELFCF,VEPCF) and
(ELPCF VLPCFY respectively. Similarly, with the HPCF scheme,
the bank is charged with P, in the first phase and then is charged
with P; in the second phase. The bank energy and voltage at the
end of phase 1 and phase 2 are denoted as (EfPCF,VHPCF) and
(ELPCF VHPCEY regpectively.

Lemma 1. Given an EES with initial energy E, and initial voltage
Vy. Charge this EES using two charging phases that has equal
duration At that is extremely small. Denote the charging powers
in the first and second phases as P, and P respectively, and the



bank voltage at the end of first and second phases as V, and V3
respectively. At the end of second phase, the amount of energy
stored in EES is:

_y2 _y2
Ep = Eo+¥2Ca0"in gy 4 SETRT0Vin Ay,

where A(P,V) = V*+4a(P— BV —yV)V?, and o B, and ¥
are positive constant parameters for the given DC-DC converter.

Proof: Based on the DC-DC power approximation model, when
in boost mode, Py 4. can be written as

2
) + ,BVin +yVout (1)

Substitute Py.q. with Py — Py, in the above equation and
rearrange the equation, we obtain

anut + Viipout + (,BVin + yVout - Pin)Vigl =0 (2)

Pout
Pacae = a
dcdc a V.

in

Although P,,,; can have two solutions, because P,,; > 0, the only
valid solution is

<\/Vl¢1 + 4“(Pin - BVin - VVout)Vi?n - le)

2a
Based on the definition of A(P, V), we have

vV A(Pin: Vout) - Vlzl.
2a

The initial state of the bank is (Ey, V). After being charged using
P, for At, the state of the bank becomes (E,4, V,). Because At is
very small, we assume the output voltage of the DC-DC converter
is the same during this period. Also because P and V;, are
constant values during the same charging phase, the output power
is also a constant value and is denoted as Py, (P4, Vp). Then we
have

3)

Pout =

Pout =

Eq = Eo + Poue(Pa, Vo) - At
VAP, V) — V2
=E0+—(A2;) iy @

For the same reason, in the second charging phase, we charge the

bank using Py for At and we have
VAPg, Va) — Vi At
2a

VAP 4 Vo)-VE APB.V 2)-V3
( AZ,:) in A + ( BzaA) in A

EB =EA+P0ut(PB'VA)'At=EA+

=E, + 0

Based on Lemma 1, we have the following theorem. The proof of
the theorem is provided in the supplemental section.

Theorem 1. Given that both charging phases have equal durations
which are approaching to 0, the system follows LPCF scheme has
more stored energy at the end of phase 2 than the system follows
HPCF scheme, i.e. EXPCF > EHPCF,

3.2 Scheduling of Multiple Charging Phases
with Equally Short Durations

In this subsection, we consider the scheduling problem for
arbitrary number of extremely short charging phases 74,7y, ..., T,
with duration At — 0, and their charging powers are P, ..., P,.
Before giving the theorem, we first give a lemma.

Lemma 2. Given two identical EES bank B; and B, with initial
energy E; < E,. After charging them using the same power P for
the same duration 7, the energy in B is less than or equal to the
energy in B,, i.e. E] < E}.

Proof: Assume it takes time t to charge B; from E; to E, using P.
Then after time T — ¢, bank B, reaches E;, which equals the final
energy of B, after time T. Continue to charge B, for time t, we
have E; > Ej.

Theorem 2. Given n charging phases 7,75, ..., T, With duration
At - 0, scheduling them based on the ascending order of their
power maximizes the amount of energy stored in EES. Such
scheduling policy is referred as LPCF (i.e. Lowest Power
charging First).

Proof: We will prove this theorem using induction and
contradiction. We know from Theorem 1 that the statement is true
when n = 2. Assume LPCF scheme is the optimal scheduling
policy for any i charging phases as long as i < N, we are going to
prove LPCF scheme is the best for N + 1 charging phases.

Assume the energy optimal scheduling for the N + 1 charging
phases are So,; = {T1, T2, ..., Ty+1J, and their power are not in the
ascending order. This means that there are two tasks 7; and 7,44
such that P; > P;;;. Then we construct a new schedule by
switching phases T and Tis1 and get
S" ={14, ..., Tiy1, Ti, -, Ty+1}- Note that after charging phase
7,1, the energy stored by both S,,; and S’ are the same, because
the first i — 1 charging phases are the same for the two schedules.
For the next two charging phases, schedule {7;,7;41} is worse
than schedule {t;,4,7;} because P;,; < P;. Therefore, at the end
of (i + 1)th charging phase, schedule S’ stores more energy than
the schedule S,,;. Because the remaining N —i—1 charging
phases are the same for both schedules, based on Lemma 2, S’
stores more energy than Sy, at the end of all charging phases.
This contradicts the assumption that Sy, is the energy optimal
scheduling. Therefore, for N + 1 charging phases, the optimal
scheduling is still the LPCF scheme.

From the above discussions, we have seen that for arbitrary
number of very short charging phases, the LPCF scheme is the
most energy efficient scheduling.

3.3 Scheduling of Arbitrary Charging Phases
In this subsection, we consider the scheduling problem for
multiple charging phases with arbitrary duration. We claim that
the LPCF scheme is still the best scheduling. This can be proved
by dividing charging phases into very small slices such that
t; = N;At, where ¢; is the duration of the ith charging phase. We
consider each slice as a sub-phase. All sub-phases belonging to
the ith phase have the same charging power P..

Based on the discussion of previous sections, to reach the highest
energy efficiency, these sub-phases should be arranged based on
LPCF scheme. All sub-phases having the lowest charging power
will be scheduled first, followed by the sub-phases having the
second lowest charging power. This is equivalent as scheduling
the charging phases from low power to high power, in another
word, to execute tasks with highest power consumptions first.

3.4 Task Scheduling to Improve Charging
Efficiency

It is easy to know that when the energy harvest rate is fixed, task
scheduling and charging phase scheduling have direct
correspondence. HPWF is the optimal task scheduling because it
leads to LPCF, which has been proved to be optimal in previous
sections. In the next we will show that HPWF is the optimal even
if the energy harvesting rate is time varying.

We first consider the case when the harvesting power is
monotonically increasing or decreasing. When the harvesting
power is monotonically increasing, the highest power workload



first (HPWF) scheduling will produce a sequence of charging
phases with monotonically increasing input power. So it is
equivalent to the LPCF, which is optimal as proved.

In the next, we will show that the HPWF scheduling is still
optimal when the harvesting rate is monotonically decreasing.
Similar to section 3.1, we first consider two very short tasks tp;
and t;,, with duration 7 = 0 and power consumption Ry; and Ry,.
Without loss of generality, we assume Rp; > R;,. The harvesting
power during time period [0, 7] and [z, 27] is denoted as Q; and
Q, respectively. We assume harvesting power is more than
enough to power either one of the two tasks, i.e. min(Qq, Q) >
max(Ry;, Ry;p). We focus our discussion to the case where the
harvesting energy is decreasing, i.e. Q1 > Q.

Based on the relations between Ry;, R;, and Q, Q,, we have two
possible cases:

Casel: Q1 — Rp; > Q2 — Ry, 01 — Rip > Q2 — R

Case 2: Q1 — Rp; < Q2 — Ry, Q1 — Rip > Q2 — Rpy;.

We denote Py =Q;—Rp, P,=Q,—R, and P/ =Q,—
Rip, P = Q; — Rp;. 1t is easy to see that if we execute task 7
during the period [0, 7] and task ¢, during the period [z, 27], we
are also charging the EES with input power P, during the period
[0, 7] and input power P, during the period [T, 27]. On the other
hand, if we execute #,, followed by task #,;, we are charging the
EES with P; for the duration [0, 7] and P, for the duration
[z, 27]. Furthermore, P, + P, = P{ + P, = P.

We will first prove that, under case 1, HPWF is better than
LPWF, i.e. charging EES with (Py,P,) is better than charging
with (P, P;).

Based on the lemma 1, using HPWF, the final energy stored in
EES bank can be calculated as:

VAPV —VE AP, V) -V
2 At + 2a At

We are interested in finding the derivative of E; against P;, i.e.
dE{/dP;. Based on the definition of A(P;,V,) and given that
P, = P — Py, and E\, V;;, do not depend on Py, the derivative is:
14
dE; 1 A At

i At —
dPy  [JA(P, Vo) VAP, V)
Based on the definition of /A(P;,V,), we have JA(Py,V,) >

JA(P,,V;) because P; > P,. Since y >0, we also have 1+

Y '
AT > 1. Together, we have dE;/dP; < 0, when P; > P,.

This means Ej is a decreasing function against P;, if P; > P,.
Because P; > P;, charging with (P, P,) is better than charging
with (P], P;). So for case 1, HPWF is better than LPWF.

For case 2, we note that, first, charging with (P, P,) is better than
(P,, Py), because (Py, P,) is LPCF. Then based on the discussion
for case 1, we know (P,, P;) is better than (P], P;), because
P, < P;. Therefore HPWF is still better for case 2.

We have proved that HPWF scheduling is optimal for two very
short tasks under monotonically decreasing harvesting power.
This result can be extended to any number of tasks with arbitrary
duration by using the same techniques in section 3.2 and 3.3.

E2 =E0+

Because HPWF is the optimal scheduling policy for scenarios
with either monotonously increasing or decreasing energy
harvesting rate, we can conclude that no matter how the
harvesting changes, the HPWF scheduling scheme could always
store the most energy into the EES banks.

4. EXPERIMENTAL RESULTS

To demonstrate the effectiveness of the proposed algorithm, we
implement a C++ simulator to model the energy harvesting
embedded system. We assume the system has one customized
supercapacitor [14] with 40F capacitance and 15V rated voltage
as the EES element. This configuration is similar to the one
provided in [15]. We obtain the parameters of the DC-DC power
converter model from [5]. These parameters are obtained from the
datasheets of the real devices. We also assume the V4 of the
embedded system is 1.0V and the V,,; is also operated at 1.0V to
match V4. The initial bank terminal voltage is also set to 1.0V.

4.1 Scheduling for Two Charging Phases

In the first set of experiments, we examine the impact of the
scheduling for two charging phases with different charging power.
Because there are only two charging phases, only two possible
schedules are available: the LPCF and the HPCF scheme.

We first set the input power of one charging phase to be 0.5W and
sweep the other from 0.2W to 1.0W. Note that the input power
here is the extra harvested power after supplying the embedded
system. We skip the case when both charging phases are 0.5W.
We also set the duration of both charging phases to be 30 min.
This duration is similar to the military radio application [11].
Table 1 Shows the energy stored in the EES element for the two
scheduling schemes. As we can see, the LPCF scheme always
performs better than the HPCF scheme as expected, and the
difference could be up to 24.6%.

Table 1 Comparison of energy stored by HPCF &LPCF

Power (W)| 0.2 0.3 0.4 0.6 0.7 0.8 0.9 1.0
HPCF (J) | 4199 | 4199 | 495.8 | 711.4 | 789.5 | 868.3 | 946.8 [1069.2
LPCF (J) | 442.9 | 496.9 | 562.5 | 773.3 | 910.5 [1046.2|1179.9 |1311.4
Impr. (%) | 5.46% |18.34%]13.45%] 8.70% [15.33%]20.49%|24.61%|22.65%

As the input power increases in one of the charging phases and
remains fixed in the other, the total energy stored in the EES
element generally increases for both HPCF and LPCF. However,
we also note that for the HPCF scheme, when the incoming power
in one of the charging phase changes from 0.2W to 0.3W, the
stored energy remains the same and all input power is consumed
by the DC-DC converter. In fact, there is a minimum input power
that is required to charge the EES bank. It can be estimated by
setting Pj, = Pycqc and P,y = 0in our approximation model
given by Equation (1). The minimum required input power is a
function of V;;, and V,;;:

Pin = BVin +vVour

which means we need more input power in order to break even of
the consumption in the DC-DC converter when the terminal
voltage of EES bank (i.e. V,,;) increases. This can be viewed as
an intuitive explanation of why LPCF is always better than the
HPCF scheme. With the HPCF scheme, high power charging
phase will first raise the terminal voltage of the EES bank to a
high level, which reduces the opportunity for the bank to be
charged in the future.

In the next experiment, we sweep the charging power from 0.2W
to 1.0W with a step of 0.1W for both phases. The duration of each
phase is still kept at 30 min. Figure 4 shows the improvement of
LPCF over HPCF for all possible combinations of charging
phases. We could see that LPCF performs better than HPCF in all
cases. And the average improvement is 10.41%. When the
duration of the charge phase is set to 20min and 10min, the
average improvement is 9.14% and 6.86% respectively.
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Figure 4. Improvement of LPCF over HPCF when sweep
power from 0.2w to 1w

4.2 Scheduling Results for Multiple Tasks

In the second set of experiments, we examined the impact of task
scheduling for multiple tasks on the energy stored in the EES
bank. Various system configurations are tested. The number of
tasks in each configurations are set to 6, 8 and 10; the task
durations varies from 100s, 300s to 600s; and the harvesting
power varies from 1.2W, 1.4W to 1.6W. The power consumption
of each task is uniformly distributed between [0.2W, 1.0W]. We
compare our LPCF scheme with HPCF scheme and the average
results of 400 random generated schedules.

Table 2. HPCF, LPCF and Random for Multiple Tasks

S. CONCLUSIONS

In this paper, we investigate the effects of workload scheduling on
the efficiency of the EES charge process in an energy harvesting
embedded system. We found that low power first scheme always
performs better than the high power first scheme. It is proved
using an approximated but accurate power model of the DC-DC
converter. Experimental results show that the LPCF outperforms
the HPCF by up to 10.41% for two charging phases. For multiple
tasks, LPCF outperforms HPCF by up to17.15% and outperforms
the random scheduling scheme by up to 9.61%.
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7. SUPPLEMENTAL MATERIAL
7.1 Proof of Theorem 1

Theorem 1. Given that both charging phases have equal durations
which are approaching to 0, the LPCF scheme gives more stored

energy than the HPCF scheme, i.e. EXFCF > ELPCF,

Proof:
For the LPCF scheme, we charge the bank using Py, followed by

Py;. Both charging phases lasts for At. Based on Lemma 1 the
final energy stored in the EES is:

Ez"F = Eq + Poye(Pyy, V) - At
/A(va VEPer) = vi

=F At
Lt 2a
’ LPCFY _ /2
V A(Plor VO Vl?’l A(Phi‘ Vl ) Vin

At

2a

,where is the bank voltage at the end of phase 1 for the
system using LPCF scheme.

LPCF
Vl

Similarity, with the HPCF scheme, the final energy in EES is:

, HPCFY _ 12
gHPCF _ g 4 A(Pps, Vo VL%I - AW V) = Vin
2

2a

After eliminating the common terms we can see that, in order to
prove ELPCF > EHPCF we only need to prove the following
inequality:

VAP, Vo) + /A(Phi,vlLPCF)
)
> APy, Vo) + ’A(on' vHPCR)

Before proving (5), let us first find the relation between V, and
VLEPCE or VHPCF  For simplicity, we use supercapacitor as the EES
bank in our proof. (The same discussion can be applied to any
EES bank as long as its terminal voltage is a monotonically
increasing function of its energy.)

At

Let P denote the input power, ¥, and V; denote the initial bank
voltage and the bank voltage after first charging phase. The

energy of a supercapacitor can be represented as E = %C V2. We
used this to replace E in (4), and have

JAP V) — V2 At
2a

1
~CV¢ +

1
—CVZ=
172

2
or equivalently

CWVy =Vo)(Vy + V) =

VAP Vo)~V
a

Because At = 0, we could assume that V; =V, and V; +V, =
2V,. Therefore, we have
AP Vo)-VE
2aCV,

V1 = VO LAt

Therefore, we have:

. —_— ‘Z
VEPCE = v 4 POV g g piper =y 4 SEORID VG 5y
2aCv, 2aCv,
We expand the VIPCE and VHFCF in A(P,, VEPCF) and

APy, VITPEP):

LPCF
A (Pu, V™) = Vit + 4a <Pm- — BV =7 (Yo

VAP, Vo) — V2 )
Y 2L A
+ 2CaV, )V
2y (J AP, Vy) — VE)VE
— A(Phi.Vo)_ y( ( lo 0) m) mA

v,

HPCF
(Plor Vi ) = Vg +4a <Pla = BV —vWo
\/ A(Phu VO Ln )
— At
2Cav, AL

2y (AP, Vo) — Vii)Vii At
CV,

= AP, Vy) —

We plug the above two equations into equation (5), the left side

becomes:
VAP, Vo) + /A(P,u-, VLPCF) =

2}/( A(P olV ) - VLZn)VZ
VAP, Vo) + \/A(Phi, Vo) — lr 70

v,

(6
t

While the right side becomes:

VAP, Vo) + /A(Plo,vl”PCF) =

ez D
VAP, Vo) + JA(ph,,vO)_zy(m VRV

v,

Then we take square on both (6) and (7), and denote
A(P,V,) as f(P), we have

F(P) + f(Pyy) — Y(W - V2)V2At
2 Jf(Plo)f(Phi) _y (on)v(@ — Vin)Vinht
And ’
F(P) + f(Pr) — Y(‘/(Tm - L )VasAL
+2 \/f(Plo)f(P,”) 2f G’m”(@ — V2)vaAt

Eliminate the common terms in the above two equations, to prove
(5), it is sufficient to prove the two inequalities below

2y(VF(Pp) Vli)V&At _2y(JF(Pud = Vi3)VinAt

A7 cv,

_ Zf(Plo)V(V f(Plo) - Vii)VL%lAt

v
_2f(P)y(VF (P = V)V
v
Here we need to state two properties of f (P).
1) Because dj;(P) =4a >0, f(P) is an increasing

function of P. So f(Py;) > f(Py,).
) Based on Equation (3), we have

Vo) = Vi _ AP, Vo) — Vi _
2a 2a

out > 0



Therefore, A/ f (Pni) >/ f(P,) > V4. And consequently Combining the discussions above, we proved Theorem 1.

FP)NfPo) = VA) < FPu)(Vf Pro) — V).

Given these two properties, it is not difficult to see that the two
inequalities holds for Py; > Pj,.




<<
  /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 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
    /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
    /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
    /NimbusRomDGR-Bold
    /NimbusRomDGR-BoldItal
    /NimbusRomDGR-Regu
    /NimbusRomDGR-ReguItal
    /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
    /SimSun-PUA
    /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


