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Theoretical Analysis of Nonlinear Energy Harvesting From
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Abstract—This letter provides a theoretical analysis of the
radio signal energy harvested from wireless mobile nodes. A non-
linear energy harvesting model based on the research results is
proposed. This model is practical but tractable through stochastic
geometry. A Gauss-Markov model is used as a mobility model,
one that is versatile and can cover various mobile scenarios. The
closed form formulas of the first and second moments of the total
energy harvested are derived for a combination of these models.

Index Terms—Energy harvesting, nonlinear model, wireless
power transfer, Poisson point process (PPP), stochastic geometry,
simultaneous wireless information and power transfer (SWIPT).

I. INTRODUCTION

ENERGY harvesting (EH) is promising due to its potential
for attaining fully wireless mobile communications [1].

Therefore, a huge number of papers have been published [2].
Such existing studies are based on a linear EH model;
that is, the conversion efficiency from the radio frequency
(RF) power to the direct current (DC) power is constant
and independent of the RF power. However, some studies
have shown that the conversion efficiency is not constant
and that the harvested DC power becomes saturated as the
input RF power increases [3], [4]. Two nonlinear EH mod-
els have been proposed on the basis of such studies. One
is a sigmoid (logistic) function model [5], [6], [7], [8] and
the other is a two-line-segment model [9]. These models
revealed that the results on the basis of the conventional
linear model can provide serious disagreement with real
systems.

In addition to the linear model, the weakness of most
existing studies is their focus on fixed nodes as energy
sources. Simultaneous wireless information and power transfer
(SWIPT) technology has been widely studied, and its progress
shows that SWIPT has the potential to make wireless mobile
nodes into RF energy sources. Wireless mobile nodes are
promising as energy sources due to their rapid growth in num-
ber. Unfortunately, however, the performance analysis of EH
from wireless mobile nodes is difficult because simulating EH
from mobile nodes is time consuming. Thus, theoretical results
such as basic statistics on the amount of EH are important.
Using such statistics makes it more feasible to evaluate the
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conditions for certain applications of EH and the performance
of EH control algorithms.

Several papers cover EH from/to mobile nodes, but all of
them use a linear EH model. One is [10], which covers EH
from mobile nodes moving on a straight line with a linear
EH model. Another one is [11], where the optimal transmis-
sion through the Markov decision process is conducted for
mobile nodes harvesting energy. The mobile nodes move from
one discrete location to another. The third one is [12], where
a single node moves on a straight line between two energy
sources to find a better EH location. The reference [8] also
investigates a single mobile node. This node is a relay node,
and it moves along a predetermined route to offer wireless
power transfer to two user nodes. The [13] also considers an
optimal EH location from a single dedicated base station and
shows that mobility can improve EH performance. The last
one [14] assumes the following mobility scenario and ana-
lyzes the EH performance through stochastic geometry. When
a device has depleted its power after a previous transmission,
it checks whether or not its location is within an EH region.
If not, the device keeps going straight until it reaches an EH
region.

Stochastic geometric analysis for a nonlinear EH model has
been conducted, although the wireless nodes are fixed in [15],
[16], where the sigmoid nonlinear model was assumed. In [15],
the moment generation function for the received RF has been
derived. By using it and the gamma distribution approxi-
mation, the amount of energy harvested has been evaluated.
In [16], a wireless power transfer using millimeter waves has
been theoretically analyzed. The amount of energy harvested
when the number of antennas becomes infinitely large has been
evaluated.

This letter presents an analysis on the energy harvested from
mobile nodes where a newly-proposed nonlinear EH model is
used. The mobility model used here is a Gauss-Markov model,
which is versatile and can cover various mobile scenarios.
The nonlinear EH model is simple but well-fitted to mea-
surement data. Most importantly, this model combined with
the Gauss-Markov mobility model is tractable in stochastic
geometry. Therefore, the closed form formulas of the first and
second moment of the total amount of energy harvested can
be obtained.

II. MODEL

A wireless network has a set of nodes N ≡ {Xi}i>0. Some
nodes appear at t when they are switched on, and their birth
locations are modeled by a homogeneous Poisson point pro-
cess (PPP) Φ̃(t) with intensity λ. These nodes are assumed to
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move. vi (t) denotes the movement of Xi at t and is assumed
to follow the two-dimension version of the Gauss-Markov
mobility model, which has been used in [17], [18], [19].

vi (t) =
√

1 − ζ2ω(t − 1) + ζvi (t − 1) + (1 − ζ)v̄ (1)

Here, ω(t−1) is an independent two-dimension Gaussian ran-
dom variable with mean 0 and variance matrix Vv , v̄ is an
average movement vector, and ζ is a constant. At the birth
of Xi , assume that its initial value of vi independently fol-
lows a known probabilistic distribution function (PDF). Here,
assume that this PDF is the normal distribution with mean v̄
and variance matrix Vv . For Xi appearing as a part of Φ̃(t),
its location xi (s) ∈ R2 at s > t is given as

xi (s) = xi (t) +
s∑

τ=t+1

vi (τ). (2)

Xi may disappear at each time slot with probability μ. Let
Φ(t) ≡ {xi (t)}i be the set of locations of existing nodes at t.
Note that this is also a PPP. Define Φ[0,T ] ≡ ∪T

s=0Φ(t). (For
simplicity, [0, T] may be omitted in Φ[0,T ] in the remainder
of this letter.)

Let X0 be a node harvesting energy from other nodes and
continuously staying at the origin. Energy is harvested and
stored in X0. Assume that the harvested RF power from Xi

is gd̃−α, where d̃i (t) = di (t) + ε and di (t) ≡ ‖xi (t)‖ is
the distance between X0 and Xi at t, α > 2 is a path loss
exponent, g is the transmission power including gain at t, and
ε is a small positive constant. Also assume that X0’s DC power
converted from the RF power harvested from other nodes at
time slot t is given by the following model taking account of
non-linear RF-to-DC conversion where y(t) is the output DC
power, and ξ is an RF-to-DC conversion function.

y(t) = ξ(
∑

xi (t)∈Φ(t)

gd̃i (t)−α) (3)

ξ(z ) = γsat − γ0 exp(−βz ) (4)

Here, γsat is a parameter denoting the harvested DC when the
received RF power becomes infinitely large, and γ0, β > 0 are
constant parameters. Figure 1 demonstrates the validity of this
proposed model. The total energy harvested during [0, T] is
y [0,T ] =

∑T
t=0 y(t).

III. ANALYSIS

This section presents an analysis of the amount of the
energy harvested by X0 from other nodes during [0, T], and
a derivation of its first and second moments (E[y[0, T]] and
E [y [0,T ]2]). For simplicity, i ∈ Φ(t) denotes xi (t) ∈ Φ(t)
in the remainder.

A. First Moment of Harvested Energy

Due to Eqs. (3) and (4),

E [y(t)] = γsat − γ0EΦ(t)[
∏

i∈Φ(t)

exp(−βgd̃i (t)−α)]. (5)

Fig. 1. Received RF power z vs. harvested DC power: proposed model ξ
and measurement data regenerated from [6, Fig. 8] for a practical harvesting
circuit. γsat , γ0, and β used here are 0.1071, 0.14096, and 6.4087.

Because Φ(t) is a PPP with intensity ρ ≡ λ/μ, use the moment
generating functional (MGF) for a PPP (see Remark below).
Then, we can obtain

E [y [0,T ]] =
T∑

t=0

E [y(t)] = (T + 1)(γsat − γ0A1(ρ)), (6)

where Ak (ρ) ≡ exp{−2πρ
∫ ∞
0 r(1 − exp(−kβg(ε +

r)−α))dr}. These equations show that E[y[0, T]] is indepen-
dent of v̄,Vv , ζ. This is because Φ(t) is a PPP for any t. (This
result is suggested by the displacement theorem for a PPP.) In
addition, E[y[0, T]] is independent of λ, μ when ρ is fixed.

Remark: The MGF for a homogeneous PPP {xi}i of
intensity ρ in Ω is given as follows [20]. For a generic
function h(x),

E [
∏

i

h(xi )] = exp(−ρ
∫

Ω
(1 − h(x))dx). (7)

B. Second Moment of Harvested Energy

As a preliminary, analyze Pr(
∑s

τ=t+1 vi (τ)). By using that
analysis result, the second moment of harvested energy can be
analyzed.

1) Analysis of Pr(
∑s

τ=t+1 vi (τ)): Because vi (t0) follows
N (v̄,Vv ) at its birth epoch t0, Pr(vi (t0 + 1)) = N (v̄,Vv )
because of Eq. (1). Thus, for any t ≥ t0, Pr(vi (t)) =
N (v̄,Vv ).
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By repeatedly applying Eq. (1), for any τ ≥ t ,

vi (τ) =
√

1 − ζ2

τ−1∑

k=t

ζτ−1−kωi (k) + (1 − ζτ−t )v̄ + ζτ−tvi (t). (8)

By using Eq. (8) with τ = t + 1, . . . , s , for 0 ≤ ζ < 1,

s∑

τ=t+1

vi (τ) =
√

1 − ζ2
s−1∑

k=t

1 − ζs−k

1 − ζ
ωi (k)

+ (s − t − ζ(1 − ζs−t )
1 − ζ

)v̄ +
ζ(1 − ζs−t )

1 − ζ
vi (t). (9)

By using Eq. (8) for ζ = 1,
s∑

τ=t+1

vi (τ) = (s − t)vi (t). (10)

Because Pr(vi (t)) = N (v̄,Vv ), Pr(
∑s

τ=t+1 vi (τ)) follows
N ((s − t)v̄, φi (s − t)Vv ), where φi (s − t) ≡ 1

(1−ζ)2
{(1 −

ζ2)(s − t) − 2ζ(1 − ζs−t )} for 0 ≤ ζ < 1 and (s − t)2 for
ζ = 1.

2) Analysis of Second Moment: Note E [y [0,T ]2] =∑
t=0,...,T E [y(t)2] + 2

∑
s>t E [y(s)y(t)]. By using the

MGF for a PPP,

E [y(t)2] = γ2
sat − 2γ0γsatEΦ(t)[

∏

i∈Φ(t)

exp(−βgd̃i (t)−α)]

+ γ2
0EΦ(t)[

∏

i∈Φ(t)

exp(−2βgd̃i (t)−α)]

= γ2
sat − 2γ0γsatA1(ρ) + γ2

0A2(ρ). (11)

For s > t ,

E [y(s)y(t)]

= γ2
sat − 2γ0γsatA1(ρ) + γ2

0EΦ(t),Φ(s)[
∏

i∈Φ(t),j∈Φ(s)

exp(−βg(d̃i (t)−α + d̃j (s)−α))]. (12)

Because di (t) and dj (s) (i �= j) are independently distributed,

EΦ(t),Φ(s)[
∏

i∈Φ(t),j∈Φ(s)

exp(−βg(d̃i (t)
−α + d̃j (s)

−α))]

= EΦ(t)∩Φ(s)[
∏

i∈Φ(t)∩Φ(s)

exp(−βg(d̃i (t)
−α + d̃i (s)

−α))]

EΦ(t)/Φ(s)[
∏

i∈Φ(t)

exp(−βgd̃i (t)
−α)]

EΦ(s)/Φ(t)[
∏

j∈Φ(s)

exp(−βgd̃j (s)
−α)]. (13)

Because Φ(t)/Φ(s) and Φ(s)/Φ(t) are also PPPs with inten-
sity ρ(1− (1−μ)s−t ), both of the last two terms of Eq. (13)
are A1(ρ(1 − (1 − μ)s−t))).

Because the set of node locations Φ(t)∩Φ(s) is also a PPP
and because its intensity is ρ(1 − μ)s−t ,

EΦ(t)∩Φ(s)[
∏

i∈Φ(t)∩Φ(s)

exp(−βg(d̃i (t)−α + d̃i (s)−α))]

= EΦ(t),
∑s

τ=t+1 vi (τ),vi (t)[
∏

i∈Φ(t)∩Φ(s)

[ exp(−βg((ε+ |xi (t)|)−α

+ (ε+ |xi (t) +
s∑

τ=t+1

vi (τ)|)−α))]

=
∫

Ψ((s − t)v̄, φi (s − t)Vv )B̃s−t (u)du

≡ Bs−t . (14)

Here, Ψ((s − t)v̄, φi (s − t)Vv ) is the PDF of N ((s −
t)v̄, φi (s − t)Vv ), and

B̃s−t (u) ≡ exp{−ρ(1 − μ)s−t
∫ ∞

0

∫ 2π

0

r(1 − exp(−βg((ε+ r)−α

+ (ε+ |(r cosψ, r sinψ) + u|)−α)))dr dψ}. (15)

Thus,

E [y [0,T ]2]
= (T + 1)(γ2

sat − 2γ0γsatA1(ρ) + γ2
0A2(ρ))

+ T (T + 1)(γ2
sat − 2γ0γsatA1(ρ))

+ 2γ2
0

∑

s>t

Bs−tA1(ρ(1 − (1 − μ)s−t ))2. (16)

Because Bs−t depends on s − t but not on s or t, the variance
σ(y [0,T ])2 ≡ E [y [0,T ]2] − E [y [0,T ]]2 of y[0, T] is given
as follows.

σ(y [0,T ])2 = γ2
0(−(T + 1)2A1(ρ)2 + (T + 1)A2(ρ)

+2
T∑

k=1

(T − k + 1)BkA1(ρ(1 − (1 − μ)k ))2)

(17)

When Bs−tA1(ρ(1−(1−μ)s−t)))2 = A1(ρ)2 for all s − t,
σ(y [0,T ])2 = γ2

0(T+1)(A2(ρ)−A1(ρ)2) =
∑T

t=0 σ(y(t))2.
That is, 
σ(y [0,T ])2 ≡ σ(y [0,T ])2 − ∑T

t=0 σ(y(t))2 =
2γ2

0

∑T
k=1(T−k+1)(Bs−tA1(ρ(1−(1−μ)s−t)))2−A1(ρ)2)

is the effect of the correlations of mobile node locations at
different times.

C. Approximation of Bs−t

Although Eq. (17) provides σ(y [0,T ])2, it contains a time-
consuming computation for Eq. (14). According to an intensive
simulation, σ(y [0,T ]) is almost insensitive to Vv . Thus, Bs−t

is approximately equal to that with Vv = 0, and the computa-
tion of Bs−t with Vv = 0 becomes much easier than that with
Vv �= 0. This means that the straight-line mobility model can
approximately be used to derive Bs−t . An intuitive explana-
tion is as follows. Bs−t is determined by the distance from the
origin to the location of Xi at t and that at s. Xi may become
closer to the origin during [s, t], and Xj may become further
away. As a whole, Bs−t is almost insensitive to the direction
of the movement because {Xi}i is a PPP. The validity of this
approximation is demonstrated using numerical examples (see
the Appendix).

Because Bs−t with Vv = 0 is B̃s−t ((s − t)v̄),

σ(y [0,T ])2 ≈ γ2
0(−(T + 1)2A1(ρ)2 + (T + 1)A2(ρ)

+2
T∑

k=1

(T − k + 1)B̃k (k v̄)A1(ρ(1 − (1 − μ)k ))2.) (18)
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Fig. 2. E[y[0, T]] vs. ρ.

Fig. 3. σ(y[0,T ]) vs. ρ.

IV. NUMERICAL EXAMPLES

A. Default Conditions of Numerical Examples

If not explicitly mentioned otherwise, the following condi-
tions were used: λ = 10−4 (1/m)2, μ = 0.01, g = 0.1 W,
ζ = 0.9, v̄ = (0.5, 0.5) m/s (walking speed), Vv = diag(0.1,
0.1) (m/s)2, T = 10, and the time slot length is 1 s. In addi-
tion, values of γsat , γ0, β in Fig. 1 were used. σ(y [0,T ]),
which was calculated theoretically in this section, used the
approximation Eq. (18).

Remark: To harvest energy, a minimum power requirement
must be satisfied [2]. Here, assume that no EH was obtained
in the simulation if the total RF power at each time was less
than 0.1 (mW).

B. E[y[0, T]] and σ(y [0,T ]) vs. ρ

Figure 2 plots E[y[0, T]] against ρ, where the simulation
results assuming Eq. (4) were with 95% confidential intervals.
It clearly demonstrates that E[y[0, T]] becomes saturated as ρ
increases, particularly when ρ > 0.02. The theoretical results
and simulation results were in good agreement. However, for

Fig. 4. σ(y[0,T ]) vs. relative speed.

Fig. 5. σ(y[0,T ]) vs. ζ.

a very small ρ, Eq. (6) overestimated the simulation results.
This may have been because Eq. (6) does not take account of
the minimum power requirement.

Figure 3 plots σ(y [0,T ]) against ρ. σ(y [0,T ]) showed
a sharp decrease as ρ increased. This was because y[0, T]
becomes almost constant due to saturation as ρ increases.
σ(y [0,T ]) increased as μ decreased (that is, the mean lifetime
increased). This was because the number of mobile nodes in
Φ(t) ∩ Φ(s) increases as their lifetimes increase. Thus, the
correlations of y(t) and y(s) increase. However, σ(y [0,T ]) is
not so sensitive to μ. The theoretical results and simulation
results were in good agreement except for a very small ρ.

C. Effect of Mobility on σ(y [0,T ])
Equation (6) shows that mobility has no effect on E[y[0, T]].

However, mobility affects σ(y [0,T ]). This subsection presents
a quantitative evaluation of its effect.

Figures 4 and 5 demonstrate the results. The x-axis of
Fig. 4 denotes c, where v̄ = c(0.5, 0.5). That is, c is the
relative speed against the default v̄. This figure shows that
σ(y [0,T ]) decreased as v̄ increased. This is because xi (s) was
less affected by xi (t) as v̄ increased. The theoretical results
overestimated the simulation when the relative speed was large
with λ = 10−4.
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Fig. 6. Comparison of simulation and theory: σ(y[0,T ]) vs Vv .

Figure 5 shows that σ(y [0,T ]) is almost insensitive to ζ.
This is similar to the fact that σ(y [0,T ]) is almost insensitive
to Vv .

V. CONCLUSION

This letter provided the closed form formulas for the average
and standard deviation of the energy harvested from mobile
nodes, where the nonlinear effect of RF-to-DC conversion
is taken into account. The mobility model used is a Gauss-
Markov model, which is versatile, and stochastic geometry
was used as a theoretical tool. The obtained results can con-
tribute to evaluating the conditions for certain applications of
EH and the performance of EH control algorithms.

The current model (ξ defined by Eq. (4)) can be extended to
cover a wider range of the RF power by introducing multiple
exponential functions.

ξ(z ) = γsat −
∑

k

γk exp(−βk z ) (19)

This extension could resolve the problem that the current
model provides a negative value of the DC power for a small
RF power. The extension of the analysis results in Section III
is straightforward for the extended model.

APPENDIX

This Appendix compares the intensive simulation results
regarding σ(y [0,T ]) and theoretical σ(y [0,T ]) on the basis
of the approximation (Eq. (18)) for various Vv . (Vv is

c
(

0.1 0
0 0.1

)
or c

(
0.1 0.01
0.01 0.05

)
, where c is an x-axis in Fig. 6.)

As Fig. 6 demonstrates, σ(y [0,T ]) is almost insensitive to Vv .
Thus, the approximation Eq. (18) works.

REFERENCES

[1] H. Tabassum, E. Hossain, A. Ogundipe, and D. I. Kim, “Wireless-
powered cellular networks: Key challenges and solution techniques,”
IEEE Commun. Mag., vol. 53, no. 6, pp. 63–71, Jun. 2015.

[2] X. Lu, P. Wang, D. Niyato, D. I. Kim, and Z. Han, “Wireless networks
with RF energy harvesting: A contemporary survey,” IEEE Commun.
Surveys Tuts., vol. 17, no. 2, pp. 757–789, 2nd Quart., 2015.

[3] T. Le, K. Mayaram, and T. Fiez, “Efficient far-field radio frequency
energy harvesting for passively powered sensor networks,” IEEE J.
Solid-State Circuits, vol. 43, no. 5, pp. 1287–1302, May 2008.

[4] B. Clerckx, “Wireless information and power transfer: Nonlinearity,
waveform design, and rate-energy tradeoff,” IEEE Trans. Signal
Process., vol. 66, no. 4, pp. 847–862, Feb. 2018.

[5] E. Boshkovska, D. W. K. Ng, N. Zlatanov, and R. Schober, “Practical
non-linear energy harvesting model and resource allocation for SWIPT
systems,” IEEE Commun. Lett., vol. 19, no. 12, pp. 2082–2085,
Dec. 2015.

[6] B. Clerckx, R. Zhang, R. Schober, D. W. K. Ng, D. I. Kim, and
H. V. Poor, “Fundamentals of wireless information and power transfer:
From RF energy harvester models to signal and system designs,” IEEE
J. Sel. Areas Commu., vol. 37, no. 1, pp. 4–33, Jan. 2019.

[7] G. Ma, J. Xu, Y. Zeng, and M. R. V. Moghadam, “A generic receiver
architecture for MIMO wireless power transfer with nonlinear energy
harvesting,” IEEE Signal Process. Lett., vol. 26, no. 2, pp. 312–316,
Feb. 2019.

[8] S. Wang, M. Xia, K. Huang, and Y.-C. Wu, “Wirelessly powered
two-way communication with nonlinear energy harvesting model: Rate
regions under fixed and mobile relay,” IEEE Trans. Wireless Commun.,
vol. 16, no. 12, pp. 8190–8204, Dec. 2017.

[9] J.-M. Kang, I.-M. Kim, and D. I. Kim, “Joint Tx power allocation and Rx
power splitting for SWIPT system with multiple nonlinear energy har-
vesting circuits,” IEEE Wireless Commun. Lett., vol. 8, no. 1, pp. 53–56,
Feb. 2019.

[10] H. Saito, “Analysis of harvested energy from mobile and fixed nodes,”
IEEE Commun. Lett., vol. 25, no. 3, pp. 1005–1009, Mar. 2021.

[11] D. Niyato and P. Wang, “Delay-limited communications of mobile
node with wireless energy harvesting: Performance analysis and
optimization,” IEEE Trans. Veh. Technol., vol. 63, no. 4, pp. 1870–1885,
May 2014.

[12] A. Arafa and S. Uluku, “Mobile energy harvesting nodes: Offline and
online optimal policies,” IEEE Trans. Green Commun. Netw., vol. 2,
no. 1, pp. 143–153, Mar. 2018.

[13] D. B. Licea, S. A. R. Zaidi, D. McLernon, and M. Ghogho, “Improving
radio energy harvesting in robots using mobility diversity,” IEEE Trans.
Signal Process., vol. 64, no. 8, pp. 2065–2077, Apr. 2016.

[14] S. Kusaladharma, C. Tellambura, and Z. Zhang, “Evaluation of RF
energy harvesting by mobile D2D nodes within a stochastic field of
base stations,” IEEE Trans. Green Commun. Netw., vol. 4, no. 4,
pp. 1120–1129, Dec. 2020.

[15] S. Kusaladharma, W.-P. Zhu, W. Ajib, and G. A. A. Baduge,
“Stochastic geometry based performance characterization of SWIPT in
cell-free massive MIMO,” IEEE Trans. Veh. Technol., vol. 69, no. 11,
pp. 13357–13370, Nov. 2020.

[16] T. X. Tran, W. Wang, S. Luo, and K. C. Teh, “Nonlinear energy har-
vesting for millimeter wave networks with large-scale antennas,” IEEE
Trans. Veh. Technol., vol. 67, no. 10, pp. 9488–9498, Oct. 2018.

[17] B. Liang and Z. J. Haas, “Predictive distance-based mobility man-
agement for PCS networks,” in Proc. IEEE INFOCOM, 1999,
pp. 1377–1384.

[18] H. Xiao, X. Zhang, A. T. Chronopoulos, Z. Zhang, H. Liu, and
S. Ouyang, “Resource management for multi-user-centric V2X com-
munication in dynamic virtual-cell-based ultra-dense networks,” IEEE
Trans. Commun., vol. 68, no. 10, pp. 6346–6358, Oct. 2020.

[19] W.-Y. Lee and I. F. Akyildiz, “Spectrum-aware mobility management in
cognitive radio cellular networks,” IEEE Trans. Mobile Comput., vol. 11,
no. 4, pp. 529–542, Apr. 2012.

[20] B. Blaszczyszyn, M. Haenggi, P. Keeler, and S. Mukherjee, Stochastic
Geometry Analysis of Cellular Networks. Cambridge, U.K.: Cambridge
Univ. Press, 2018.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /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 1.4
  /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 false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Helvetica
    /Helvetica-Bold
    /HelveticaBolditalic-BoldOblique
    /Helvetica-BoldOblique
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryITCbyBT-MediumItal
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Recommended"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


