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ABSTRACT

In this work, we consider a distributed beam coordination problem,
where a collection of arrays are interconnected by a certain topol-
ogy. The beamformers employ an adaptive diffusion strategy to com-
pute the beamforming weight vectors by relying solely on coopera-
tion with their local neighbors. We analyze the mean-square-error
(MSE) performance of the proposed strategy, including its transient
and steady-state behavior. Simulation results support the findings
that the MSE performance improves uniformly across the network
relative to non-cooperative designs.

Index Terms— Beam coordination, distributed beamforming,
diffusion adaptation, diagonal loading, affine constraints.

1. INTRODUCTION

Prior work in the literature has shown that it is beneficial to de-
ploy distributed cooperation strategies to coordinate the operation
of beamforming arrays [1] or antenna elements [2–6] that are scat-
tered over a geographical area and interconnected via some topology.
Along these lines, in this work, we develop adaptive diffusion strate-
gies to coordinate the beampatterns of arrays in a distributed man-
ner. Our approach is different from the literature [1–6] in a couple
of aspects. First, each individual array forms a beampattern point-
ing towards the desired signal. Arrays suffering from noise levels
improve their beampatterns through cooperation with their neigh-
boring arrays. Second, the diffusion strategy is fully distributed; no
fusion center or master node is required to compute the beamforming
weighting vectors for the arrays. Third, the arrays in the network do
not need to enforce synchronization of their carrier phases. Fourth,
the diffusion strategy does not require the arrays to share raw data.
Besides, the diffusion strategy is iterative and computationally effi-
cient; no complex matrix inversions are required.

Diffusion strategies, proposed in [7, 8], are scalable and robust,
and endow networks with real-time adaptation and learning abilities.
They have been applied before to model various forms of complex
and self-organized behavior in biological networks [9,10] and to the
solution of general optimization problems [11].

In this article, we formulate a constrained version of diffusion
strategies and apply it to coordinate the beampatterns of arrays dis-
tributed over an area and connected via a topology. In the sequel,
we first fit different types of beamforming problems into a general
optimization framework, which is subsequently solved by means of
a diffusion strategy with regularization and affine constraints. We
analyze the mean-square convergence conditions and steady-state
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Fig. 1. An illustration of a collection of interconnected arrays.

performance. Simulation results illustrate that the diffusion strat-
egy improves the beamforming performance of array networks over
the non-cooperative case.

Notation: We use lowercase letters to denote vectors, upper-
case letters for matrices, plain letters for deterministic variables, and
boldface letters for random variables. We also use (·)∗ to denote con-
jugate transposition, (·)−1 for matrix inversion, Tr(·) for the trace of
a matrix, ⊗ for Kronecker products, ρ(·) for the spectral radius of a
matrix, and vec(·) for a vector constructed by stacking the columns
of a matrix. All vectors in our treatment are column vectors, with
the exception of the regression vectors, uk,i, which are taken to be
row vectors for convenience of presentation.

2. PROBLEM FORMULATION

Consider a network of N identical antenna arrays, as shown in Fig. 1.
Each array consists of M antenna elements that are receiving a de-
sired narrow-band signal s0(i) ∈ C from a far field, while suffering
interference from some other signals s1(i), . . . , sP (i) ∈ C, P ≥ 0,
at the same time. The received signal at the kth array is therefore
modeled as:

u
∗
k,i = a(θ0)s0(i) +

P∑
p=1

sp(i)a(θp) + nk,i

︸ ︷︷ ︸
zk,i

(1)

where u∗k,i is an M×1 vector that collects the received signals at
array k, {a(θ0), a(θ1), . . . , a(θP )} are M × 1 array manifold vec-
tors (steering vectors) [12] for the desired and interference signals,
{θ0, θ1, . . . , θP } are the corresponding directions-of-arrival (DOA),
and nk,i is the additive noise vector at array k and time i. For a
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uniform linear array (ULA), the array manifold vector a(θ) has the
following form:

a(θ) = col
{
1, e

−j 2πΔ
λc

sin θ
, · · · , e−j

2π(M−1)Δ
λc

sin θ} (2)

where Δ denotes the spacing between two adjacent antenna elements
in each array, and λc denotes the wavelength of the carrier signal.
We aggregate the interference and noise signals into a perturbation
vector, zk,i. It is the statistical profile of zk,i that matters and it will
be learned by the adaptive algorithm in real-time.

Beamforming problems generally deal with the design of a weight
vector w ∈ C

M×1 in order to recover the desired signal s0(n) from
the received data uk,i. The output of the beamformer is a weighted
combination of the following form:

ŝ
∗
0(i) = uk,iw (3)

Many design criteria can be used to design the individual beam-
formers, such as minimum-variance-distortionless-response design
(MVDR), linearly-constrained-minimum-variance design (LCMV),
minimum-mean-square-error design (MMSE), and maximum-signal-
to-interference-plus-noise-ratio design (MSINR). The main purpose
of all these criteria is to suppress the influence of the perturbation
component on the output of the beamformer while preserving the
signal component. Several of these criteria can be viewed as special
cases of the following formulation:

minimize
w

E|dk(i)− uk,iw|
2

subject to G∗kw = bk
(4)

where Gk is an M×Lk matrix and bk is an Lk×1 vector. The affine
constraint is used to specify the desired response of the beamformer
to certain directions. For example, along the directions that have
clutter or jammers, we may assign small response values by choos-
ing the columns of Gk to be the array manifold vectors in these direc-
tions and setting the corresponding entries of bk to small values. If
we know the direction of the desired signal beforehand, then we can
set unit response to that direction so that the desired signal passes
through the array without distortion. We summarize the different
choices for {dk(i), Gk, bk} for different criteria in Table 1. We note
that it was shown in [12, pp. 439–452] that beamformers obtained
under the criteria MVDR, MMSE, and MSINR are equivalent up to
some scaling for narrow-band signals.

Table 1. Parameter selections for various design criteria.

dk(i) Gk bk

MMSE s
∗
0(i) 0 0

LCMV 0 Gk bk

MVDR 0 a(θ0) 1

For the array network in Fig. 1, our objective is to find an optimal
weight vector w that minimizes the following global cost function,
which integrates the performance across all arrays and includes a
regularization term:

minimize
w

Jglob(w) � w∗Πw +

N∑
k=1

E|dk(i)− uk,iw|
2

subject to G∗w = b

(5)

where Π is an M ×M positive semi-definite weighting matrix. The
regularization term w∗Πw is used to discourage solutions with large
power or to prevent rank deficiency. In array processing, the reg-
ularization term corresponds to a diagonal loading technique that
improves robustness [13]. Furthermore, the matrices G and b are
defined as

G � row{G1, G2, . . . , GN′}, b � col{b1, b2, . . . , bN′} (6)

where N ′ is the number of effective constraints across the network;
we merge different pairs of {Gk, bk} into one if they represent equiv-
alent constraints. The matrix G has dimensions M × L and is as-
sumed to be full rank with L < M .

3. DIFFUSION STRATEGIES

In our problem setup, wo could be directly solved from (4) if the in-
dividual arrays know the data statistics beforehand. When this infor-
mation is missing, an adaptive solution becomes desirable to enable
the arrays to rely on the instantaneous data. Extending the argu-
ments of [8, 11] to constrained estimation problems, we can derive
the following distributed algorithm for adapting the weight vector
wk,i at the various arrays. For each array k, the algorithm involves
two steps. The first step uses data {dk(i),uk,i} that are available at
array k at time i to update the existing beamforming vector estimate
wk,i−1 to an intermediate value ψk,i. The second step aggregates
the intermediate estimates {ψl,i} from the neighbors of array k to
obtain the updated estimatewk,i. All arrays in the network perform
similar steps simultaneously. This form of the algorithm is known as
the adapt-then-combine (ATC) diffusion strategy. It is described by
the equations:⎧⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎩

φk,i=(IM−μkΠ)wk,i−1+μku
∗
k,i(dk(i)−uk,iwk,i−1)

ψk,i=P⊥Gφk,i +G(G∗G)−1b

wk,i=
∑
l∈Nk

alkψl,i

(7)

where the first step updates the estimates based on the new data,
the second step projects the estimates in order to obtain feasible so-
lutions [14], and the third step fuses information from neighboring
arrays. The orthogonal projection matrix P⊥G is given by

P⊥G � I −G(G∗G)−1G∗ (8)

The combination coefficients {alk} satisfy∑
l∈Nk

alk = 1, alk ≥ 0, alk = 0 if l /∈ Nk (9)

where Nk denotes the set of neighbors of array k. We collect {alk}
into an N × N left-stochastic matrix A; it satisfies AT

1N = 1N .
The ATC diffusion solution (7) is feasible because

G∗wk,i =
∑
l∈Nk

alkG
∗
ψl,i

=
∑
l∈Nk

alkG
∗P⊥Gφl,i +

∑
l∈Nk

alkG
∗G(G∗G)−1b

=

⎛
⎝ ∑

l∈Nk

alk

⎞
⎠ b

= b (10)

for k = 1, 2, . . . , N .
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3.1. Error Recursions

Since all arrays are interested in converging towards the same beam-
forming vector, it is reasonable to assume that there exists a vec-
tor wo that relates the data {dk(i),uk,i} up to some perturbation,
namely, that

dk(i) = uk,iw
o + vk(i) (11)

where vk(i) denotes some zero-mean measurement noise at time i
and is independent of all other random variables. The M × 1 vector
wo denotes the parameter of interest that problem (5) is attempting
to estimate; it also satisfies the affine constraint G∗wo = b.

Introduce the error vectors

w̃k,i � wo −wk,i (12)

and let

Rk,i � u
∗
k,iuk,i (13)

sk,i � u
∗
k,ivk(i) (14)

We collect various quantities across all nodes in the network into the
following global block vector and matrix quantities:

Ri � diag {R1,i, . . . ,RN,i} (15)

si � col {s1,i, . . . , sN,i} (16)

M � diag {μ1IM , . . . , μNIM} (17)

G � diag{G, . . . , G} = IN ⊗G (18)

P � diag
{
P⊥G , . . . , P⊥G

}
= IN ⊗ P⊥G (19)

H � diag {Π, . . . ,Π} = IN ⊗Π (20)

θ � col {wo, . . . , wo} = 1N ⊗ wo (21)

w̃i = col {w̃1,i, . . . , w̃N,i} (22)

Then, from (7), the recursion for the error vector w̃i can be found to
be:

w̃i =A
TP (INM −MH−MRi) w̃i−1

−ATPMsi +A
TPMHθ

(23)

where A = A⊗ IM .

4. MEAN-SQUARE CONVERGENCE ANALYSIS

Before we conduct the mean-square convergence analysis, we need
to introduce the following assumptions on the statistical properties
of the data.

Assumption 1 (Statistical properties of the data).

1. The regression data uk,i are temporally white and spatially
independent random variables with zero mean and covari-
ance matrix Ru,k � Eu

∗
k,iuk,i > 0.

2. The noise signals vk(i) are temporally white and spatially
independent random variables with zero mean and variances
σ2
v,k.

3. The regression data uk,i and noise signals vl(j) are inde-
pendent of each other for all k and l, i and j.

It is worth noting that we do not assume Gaussian distributions for
either the regressors or the noise signals.

4.1. Convergence in the Mean

From (8) and (12), we get

P⊥G E w̃k,i = EP⊥G w̃k,i

= E [I −G(G∗G)−1G∗]w̃k,i

= E [w̃k,i −G(G∗G)−1G∗(wo −wk,i)]

= E {w̃k,i − [G(G∗G)−1b−G(G∗G)−1b]}

= E w̃k,i (24)

for k = 1, 2, . . . , N . Then, from (19) and (22), we obtain

PEw̃i = Ew̃i (25)

Using the fact that (P⊥G )2 = P⊥G , or P2 = P by (19), we conclude
from (23) that the network mean error vector satisfies the recursion:

Ew̃i = BEw̃i−1 +A
TPMHθ (26)

where

B � ATP (INM −MH−MRu)P (27)

Ru � ERi � diag {Ru,1, . . . , Ru,N} (28)

Using the block maximum norm [15] with block size M ×M , it can
be verified that

ρ(B) ≤ ‖ATP(INM −MH−MRu)P‖b,∞

≤ ‖AT‖b,∞ · ‖P‖b,∞ · ‖INM−MH−MRu‖b,∞ · ‖P‖b,∞

= ‖P‖2b,∞ · ρ(INM −MH−MRu)

= [ρ(P⊥G )]2 · ρ(INM −MH−MRu)

= ρ(INM −MH−MRu) (29)

since ‖AT‖b,∞ = 1 and ρ(P⊥G ) = 1. From (29), we can get a
sufficient condition for mean stability:

μk <
2

ρ (Π +Ru,k)
(30)

for k = 1, 2, . . . , N . If condition (30) is satisfied, then recursion
(26) will converge to

lim
i→∞

Ew̃i = (INM −B)−1ATPMHθ (31)

which is proportional toΠ throughH and is not dependent on the ini-
tial values {wk,−1}. From (31) we know that if Π �= 0, the steady-
state estimator is biased. Nevertheless, if we choose the weighting
matrix Π to be sufficiently small, say, Π = εIM where 0 < ε � 1,
then the steady-state bias will be of the order of O(ε) � 1; if we
further allow Π to gradually diminish as the algorithm converges,
then we will arrive at an unbiased estimator asymptotically.

4.2. Mean-Square Convergence

Starting from (23) we can show that

E‖w̃i‖
2
Σ = E‖w̃i−1‖

2
Σ′ + 2Re (Ew̃∗i−1B

∗Ση)

+‖η‖2Σ + E‖ATPMsi‖
2
Σ

(32)
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(a) Topology and noise profile (b) Beampattern of diffusion strategy. (c) Beampattern of non-cooperative strategy.

Fig. 2. Simulation setup and beampatterns resulting from diffusion cooperation and non-cooperation.

for any NM ×NM positive semi-definite matrix Σ, where

η � ATPMHθ (33)

Σ′ � B∗ΣB +O(M2) (34)

The notation O(M2) refers to a term of the order ofM2. We further
introduce a small step-size assumption so that terms that depend on
higher-order powers of the step-sizes can be ignored.

Assumption 2 (Small step-sizes). The step-sizes are sufficiently small
and satisfy condition (30), i.e., μk � 1.

Let us introduce the vector notation:

σ � vec(Σ) (35)

σ′ � vec(Σ′) ≈ Fσ (36)

where

F � BT ⊗ B∗ (37)

Moreover, it can be verified that

‖η‖2Σ + E‖ATPMsi‖
2
Σ = [vec(Y)]∗σ (38)

2Re (Ew̃∗i−1B
∗Ση) = [vec(Zi−1)]

∗σ (39)

where

Y � ATPMSMPA+ ηη∗ (40)

Zi−1 � η(Ew̃∗i−1)B
∗ + B(Ew̃i−1)η

∗ (41)

S � Esis
∗
i = diag

{
σ2
v,1Ru,1, . . . , σ

2
v,NRu,N

}
(42)

Then, expression (32) can be approximately rewritten as

E‖w̃i‖
2
σ ≈ E‖w̃i−1‖

2
Fσ + [vec(Y + Zi−1)]

∗σ (43)

Under Assumption 2, the mean error recursion (26) converges. There-
fore, the sequences {Ew̃i,Zi} can be uniformly bounded. Then, the
weighted variance relation (43) converges if the matrix F is stable,
i.e., ρ(F) < 1, which is equivalent to ρ(B) < 1 according to (37).
This condition is the same as the condition for mean stability.

Theorem 1 (Mean-square convergence condition). The diffusion strat-
egy (7) is stable in the mean and mean-square sense if the step-sizes
are sufficiently small and satisfy (30).

5. STEADY-STATE PERFORMANCE ANALYSIS

At steady-state as i → ∞, from (43), we can get the steady-state
relation:

lim
i→∞

E‖w̃i‖
2
(I

N2M2−F)σ ≈ [vec(Y + Z∞)]∗σ (44)

where, by (31), (33), and (41),

Z∞ � lim
i→∞

Zi = ηw̃∗∞B
∗ + Bw̃∞η∗ (45)

w̃∞ � lim
i→∞

Ew̃i = (INM − B)−1η (46)

The network MSD is defined as

MSD � lim
i→∞

1

N

N∑
k=1

E‖w̃k,i‖
2 (47)

Selecting σ as (IN2M2 − F)σ = vec(INM/N), expression (44)
gives

MSD ≈
1

N
[vec(Y +Z∞)]∗(IN2M2 − F)−1vec(INM ) (48)

Similarly, if we instead select (IN2M2 − F)σ = vec(Ru/N), then
expression (44) allows us to evaluate the network EMSE as:

EMSE ≈
1

N
[vec(Y + Z∞)]∗(IN2M2 − F)−1vec(Ru) (49)

where the network EMSE is defined as follows:

EMSE � lim
i→∞

1

N

N∑
k=1

E|uk,iw̃k,i−1|
2 (50)

6. SIMULATION RESULTS AND CONCLUSIONS

We simulate the diffusion algorithm versus non-cooperative stand-
alone LMS updates at each array over the connected network with
N = 20 nodes shown in the upper part of Fig. 2a, where each node
represents an array. Each array has M = 10 elements. The noise
variance profile is shown in the lower part of Fig. 2a. The DOA and
power of the desired and interference signals are given in Table 2.
We assume that the DOA of s3(i) is roughly known so that two
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affine constraints are introduced to enforce the responses at 58.5◦

and 61.5◦ to be −40 dB.
The resulting beampattern at each node is plotted in blue curves

in Fig. 2b for the diffusion strategy and in Fig. 2c for non-cooperative
LMS. The dashed black curve is the beampattern obtained from solv-
ing problem (5) with full knowledge of data statistics. We observe
that, the beampatterns generated by the diffusion strategy are more
concentrated around the optimal beampattern, and have lower side-
lobes. The performance is more uniform across the network; there
are less fluctuations in the sidelobe area (5 ∼ 10 dB) for diffusion
compared to the non-cooperative LMS case (about 10 ∼ 35 dB)
across the nodes. In Fig. 3a–3b, we show the learning curves of net-
work MSE and network MSD for both diffusion and non-cooperative
stand-alone LMS strategies, which are averaged over 1000 trials.
The network MSE (MSD) is obtained by averaging over all arrays
across the network. We note that the diffusion algorithm can im-
prove the steady-state performance by about 3.5 dB.

Table 2. Simulation Parameters.

s0(i) s1(i) s2(i) s3(i)

DOA (degree) 30 −60 −30 60

Power (dB) 0 12.4 5.5 6.3

We examine the theoretical result (48) in Fig. 4. We maintain
the network topology and noise profile from Fig. 2a and use the
same parameters from Table 2. We reduce the number of antenna
elements for the arrays by setting M = 4 to reduce the simulation
time. Fig. 4 indicates that the theoretical MSD expression matches
well with simulation.

7. REFERENCES

[1] M. Wax and T. Kailath, “Decentralized processing in sensor arrays,”
IEEE Trans. Signal Process., vol. 33, no. 4, pp. 1123–1129, Oct. 1985.

[2] G. Barriac, R. Mudumbai, and U. Madhow, “Distributed beamforming
for information transfer in sensor netowrks,” in Proc. ACM/IEEE Int.
Conf. Inform. Process. Sensor Networks (IPSN), Berkeley, CA, Apr.
2004, pp. 81–88.

[3] H. Ochiai, P. Mitran, H. V. Poor, and V. Tarokh, “Collaborative beam-
forming for distributed wireless Ad Hoc sensor netowrks,” IEEE Trans.
Signal Process., vol. 53, no. 11, pp. 4110–4124, Nov. 2005.

[4] M. F. A. Ahmed and S. A. Vorobyov, “Collaborative beamforming
for wireless sensor netowrks with Gaussian distributed sensor nodes,”
IEEE Trans. Wireless Commun., vol. 8, no. 2, pp. 638–643, Feb. 2009.

[5] X. Wang, H. Ge, and I. P. Kirsteins, “Direction-of-arrival estimation
using distributed arrays: A canonical coordinates perspective with lim-
ited array size and sample support,” in Proc. IEEE Int. Conf. Acoust.,
Speech, Signal Process. (ICASSP), Dallas, TX, Mar. 2010, pp. 2622–
2625.

[6] H. Ge, I. P. Kirsteins, and X. Wang, “Adaptive beamforming using dis-
tributed antenna arrays: Joint versus distributed processing,” in Proc.
Asilomar Conf. Signals, Systems, Computers, Pacific Grove, CA, Nov.
2010, pp. 1107–1111.

[7] C. G. Lopes and A. H. Sayed, “Diffusion least-mean squares over
adaptive networks: Formulation and performance analysis,” IEEE
Trans. Signal Process., vol. 56, no. 7, pp. 3122–3136, July 2008.

[8] F. S. Cattivelli and A. H. Sayed, “Diffusion LMS strategies for dis-
tributed estimation,” IEEE Trans. Signal Process., vol. 58, no. 3, pp.
1035–1048, Mar. 2010.

(a) MSE learning curves.

(b) MSD learning curves.

Fig. 3. Comparison of learning curves.

Fig. 4. MSD learning curve for the diffusion strategy when M = 4.

[9] S-Y. Tu and A. H. Sayed, “Mobile adaptive networks,” IEEE J. Sel.
Top. Signal Process., vol. 5, no. 4, pp. 649–664, Aug. 2011.

[10] F. S. Cattivelli and A. H. Sayed, “Modeling bird flight formations using
diffusion adaptation,” IEEE Trans. Signal Process., vol. 59, no. 5, pp.
2038–2051, May 2011.

[11] J. Chen and A. H. Sayed, “Diffusion adaptation strategies for dis-
tributed optimization and learning over networks,” arXiv:1111.0034v1
[math.OC], Oct. 2011.

[12] H. L. Van Trees, Optimum Array Processing, Wiley, NJ, 2002.

[13] X. Mestre and M. A. Lagunas, “Diagonal loading for finite sample size
beamforming: an asymptotic approach,” in Robust Adaptive Beam-
forming, J. Li and P. Stoica, Eds., pp. 201–257. Wiley, NJ, 2005.

[14] S. Theodoridis, K. Slavakis, and I. Yamada, “Adaptive learning in a
world of projections: A unifying framework for linear and nonlinear
classification and regression tasks,” IEEE Signal Process. Mag., vol.
28, no. 1, pp. 97–123, Jan. 2011.

[15] N. Takahashi, I. Yamada, and A. H. Sayed, “Diffusion least-mean
squares with adaptive combiners: Formulation and performance anal-
ysis,” IEEE Trans. Signal Process., vol. 58, no. 9, pp. 4795–4810,
Sept. 2010.

109



<<
  /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 1
  /Optimize false
  /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
    /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
    /SABAEN44
    /SAKURAalp
    /Shruti
    /SimSun
    /STSong
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /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 true
  /GrayImageDownsampleType /Bicubic
  /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 true
  /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 "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


