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Optimization of State-Estimator-Based Operation
Framework Including Measurement Placement

for Medium Voltage Distribution Grid
Yu Xiang, Student Member, IEEE, Paulo F. Ribeiro, Fellow, IEEE, and Joseph F. G. Cobben, Member, IEEE

Abstract—To provide a guideline for grid operators to manage
medium voltage distribution grids, this paper presents a prob-
abilistic approach for measurement placement optimization and
a state-estimator-based operation framework. The Monte Carlo
method is used to optimize the measurement placement with
minimum measured points, which support the observability of
state estimator and satisfy the requirements for operation activ-
ities. The proposed framework covers several important factors
from practical situations, including cost allocation of measure-
ment systems, unavailability of measurement data, and small
voltage deviation across medium voltage (MV) grids. Finally, a
case study on a typical European distribution grid demonstrates
the feasibility of the framework.

Index Terms—Central limit theorem, distribution management
system (DMS), load estimation, measurement placement, Monte
Carlo methods, state estimation.

I. INTRODUCTION

AS POWER systems continue to develop, the medium
voltage (MV) and low voltage (LV) distribution grid will

be operated autonomously. To achieve this, a distribution man-
agement system (DMS) is required. The heart of this system is
a state estimator. Based on input measurement data and net-
work parameters, the state estimator evaluates the condition
of the grid with the highest probability, which can be further
used for the operation activities. However, traditionally the
measurement data in MV grids are insufficient for the state
estimator to achieve observability.

Installing more measurement devices will increase the
investment of gird operators. Therefore, an optimization
of measurement placement is essential. Li [1] discussed
the impact of measurement placement and customer load
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estimation on the accuracy of state estimation results.
Baran et al. [2] managed to solve the problem by differentiat-
ing the importance of state accuracies in individual locations.
Installing meters should be prioritized to important places such
as the main switch and fuse locations. Shafiu et al. [3] pre-
sented a heuristic approach to identify potential points or loca-
tion of voltage measurements. Meters should first be installed
at the points with a higher standard deviation of voltage mag-
nitude estimation error. Singh et al. [4] adopted a probabilistic
approach with bivariate Chebyshev’s bounds to determine the
measurement placement. It has been proposed that the voltage
meters should be installed on the bus with the largest ellipse
area of the state error covariance matrix. The studies above
aimed to minimize the total number of measured quantities in
the MV grid, under the constraints that the estimation errors
of node voltage magnitudes and angles should be limited.

Besides the real measurements, load estimation is
needed as a pseudo measurement to achieve observability.
Kersting and Phillips [5], Arritt [6], and others presented sev-
eral load estimation methods and verified them with empirical
data. It has been concluded that load allocation based on the
energy bill has higher accuracy than that based on number
of customers or transformer rating. Baran and McDermott [7]
discussed the application of load estimation on a branch-
current-based state estimation method. Besides that, evaluating
the error range of load estimation is essential for the state
estimation. To solve this problem, Singh et al. [8] adopted a
Gaussian mixture model to integrate pseudo measurements
into state estimation, while Manitsas et al. [9] utilized arti-
ficial neural networks to generate pseudo measurements.

It has been proposed that some operation activities can
be performed based on the results of state estimation.
Deshmukh et al. [10] presented a control framework for
voltage/VAR control based on a nonlinear state estimator.
Unavailability of measurement data due to packet drops in the
communication channel has been considered in the framework.
Pazderin et al. [11], [12] solved the energy loss calculation
problem based on state estimation approaches. The state esti-
mation was adapted by using the weighted square sum of
energy measurement relative errors.

Many aspects regarding the DMS development have been
widely discussed by previous studies. However, distribution
grid operators desire an integrated, practically feasible, and
robust operation strategy for MV grids. To bridge this gap,
this paper proposes a probabilistic approach to optimize the
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Fig. 1. Operation framework for normal operation of distribution grid.

measurement placement in MV grids. The resulted minimum
necessary measurement scheme provides the observability of
state estimator and satisfies the requirements for operation
activities. In addition, an operation framework is designed
based on the weighted least square (WLS) state estimator. This
framework adapts several techniques for practical situations,
including cost allocation of measurement systems, unavailabil-
ity of measurement data, and small voltage deviation across
MV grids.

Section II presents the proposed operation framework. The
measurement systems are analyzed in Section III, while load
estimation is discussed in Section IV. The WLS state esti-
mator is briefly described in Section V, and three common
operation activities are discussed in Section VI. Section VII
gives a probabilistic approach to determine the minimum nec-
essary measurement scheme. In Section VIII a case study
demonstrates the feasibility of the framework.

II. OPERATION FRAMEWORK

A. Grid Structure and Operation Framework

The distribution grid is normally operated in a radial struc-
ture, for ease of control and protection [13]. And besides the
main HV/MV transformers, MV/MV regulating transformers
may be installed in the MV grid for voltage control.

The operation framework designed by the paper is shown
in Fig. 1. The core of the framework is a state estimator. The
input of the state estimator consists of network parameters
and measurement data. Another important type of input is the
load estimation, which acts as a pseudo measurement. The
estimated state can further be used for the activities of normal
operation, for example voltage regulation, loss estimation, and
switching consequence assessment.

B. Network Parameters

The network parameters consist of the network topol-
ogy status and component parameters. The network topology
can be real-time updated because nowadays it is usually
managed centrally. In addition, the accurate values of the
positive/negative sequence parameters of the components are
known.

Although there are considerable inaccuracies in zero
sequence parameters, they are less relevant in normal operation

Fig. 2. Simplified structure diagram of a measurement unit.

due to the following two reasons: 1) the MV grid is fairly
balanced; and 2) since most MV/LV transformers have delta-
windings in the MV side, the zero sequence power flow in the
LV grids cannot cross the MV/LV transformers and be present
in the MV grid.

Therefore, it is unnecessary to consider the uncertainties
of the network parameters, which are always assumed to
be accurate. Without losing generality, this paper discusses
balanced MV grids, while unbalanced MV grids (with neg-
ative sequence power flow) can be analyzed with similar
methodology.

III. MEASUREMENTS

A. Structure and Cost Allocation of Measurement Units

Due to financial reasons it is too expensive to install mea-
surement devices everywhere in MV grid. Therefore, the
optimization of meter placement is essential. Before the opti-
mization, the structure of measurement units is analyzed.
Fig. 2 shows a simplified structure diagram of a measurement
unit. A valid measurement unit consists of individual com-
ponents and common components. Individual components are
the current/voltage transformer and A/D converter for each
measured quantity, while common components are the central
processing unit (CPU) and communication channel.

The total investment of measurement system includes the
cost of common components and individual components.
Concerning the cost allocation of measurement units, usually
the overall cost is dominated by the common components, i.e.,
purchasing and maintaining the common components is much
more expensive than individual components.

Several studies [2]–[4] aimed to minimize the total num-
ber of measured quantities, i.e., the total number of measured
voltages, currents, and powers. However, this might lead to a
large number of geographically spread measured points, which
will have overall high cost due to the necessity of common
components for each measured point.

Instead, this paper proposes that the optimization should
focus on minimizing the total number of measured points.
Because each measured point requires a set of common
components (the cost of which is the major expense), the
minimal number of measured points implies the minimal
cost. Moreover, if one point in the grid has been chosen for
installing measurement devices, the cost of common compo-
nents is already being spent. To maximize their usage, it is
preferred to measure as many quantities as possible at this
point.



XIANG et al.: OPTIMIZATION OF STATE-ESTIMATOR-BASED OPERATION FRAMEWORK 2931

Fig. 3. Measurements at MV substations.

Fig. 4. Measurements in the field.

B. Measured Points at MV Substations and in the Field

The placement of meters in MV grid becomes then a mat-
ter of selecting the measured points. Generally the points
can be categorized into MV substations (HV/MV substations
or MV regulating/switching substations), and MV points of
connection (PoCs) in the field.

The meters at MV substations are easy to install with rel-
atively lower cost due to limited number of MV substations.
Therefore, the paper suggests to install meters at all MV sub-
stations. As shown in Fig. 3, the following effective measured
quantities are proposed: 1) voltage magnitude at each busbar;
and 2) active/reactive current at each feeder.

For measurements in the field, it is too expensive to install
meters at all MV PoCs. The approach to achieve the opti-
mal selection of measured PoCs is given in Section VII.
Principally, the paper suggests to install meters at all PoCs
with large industrial loads or dispersed generations (DGs),
due to their complex behavior. And at least one PoC
with household loads and one PoC with commercial loads
should have meters. The reason for this will be given in
Section IV. If a certain PoC is chosen for installing mea-
surement devices, as shown in Fig. 4, the following effective
measured quantities are proposed: 1) voltage magnitude at
the PoC; 2) active/reactive current to the LV grid or MV
customer; and 3) active/reactive current at each connected MV
branch.

C. Measurement Error

The measurement error of a measurement device is com-
monly assumed to be approximately normally distributed [4].
Its standard deviation δ can be calculated in (1), where � is
the measuring range and τ is the maximum relative error

δ = 1

3
�τ. (1)

Obviously, the absolute error can be reduced by decreas-
ing the measuring range, which can be done in a modern
digital meter. The paper proposes to limit the range to cover
the largest measured value with sufficient margin. The upper

bounds of the measuring ranges are set for voltage �U , branch
current �I,B, and PoC current �I,PoC

�U ≤ 1.5Un, �I,B ≤ 1.5In,B, �I,PoC ≤ 2
Smax,PoC√

3Un
(2)

where

Un nominal bus voltage;
In,B nominal current of the branch;
Smax,PoC maximum apparent power at the PoC.

D. Unavailability of Measurement Data

The measurement data are not always available to the state
estimator. Every component in a measurement unit is subject
to failure, which leads to data unavailability. For example,
the data might be lost by packet drops in the communication
channel [10]. Thus, this factor should be considered in the
design of operation framework and meter placement.

For a measured point, two kinds of failure rates are defined:
failure rate of common components ρC and individual com-
ponents ρI . If the common components fail, all the data from
that point are unavailable. However, if the individual compo-
nents of a measured quantity fail, the data unavailability occurs
only on that quantity, while the others can remain operational.
Thus, the data unavailabilities of each measured quantity in
the same unit are not independent events.

In particular, failure of voltage measurement will degrade
the current measurements within the same unit to magni-
tude only, because they cannot be decomposed to active and
reactive current without reference phase angle of voltage.

IV. LOAD ESTIMATION

To achieve the observability of the state estimator, it is nec-
essary to estimate the loads at the unmeasured PoCs with
household and commercial loads, and use them as pseudo
measurements. Based on several methods proposed by pre-
vious studies [5]–[9], this section applies a relatively simpler
approach with central limit theorem, which can facilitate its
implementation for grid operators. The household loads are
taken as an example in the analysis, while the commercial
loads can be analyzed with similar approach.

A. Mathematical Modeling of Household Load Profile

This paper assumes that the total number of PoCs in the MV
grid is NPoC, and each PoC is numbered from 1 to NPoC. Let
H be the set containing the numbers of all the PoCs connected
with household loads, i.e., for any i ∈ H, PoC i is connected
with ni LV household customers in total.

Pi,j(t) is defined as the active power curve of the jth cus-
tomer in MV PoC i. The paper assumes that each Pi,j(t) has
the following form:

Pi,j(t) = ξi,jXi,j(t). (3)

Each ξi,j in (3) is a user preference factor: some customers
naturally use more electricity and others use less. Its mean
should be 1, shown in (4), and λ2 is the variance

E{ξi,j} = 1, D{ξi,j} = λ2. (4)
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Each Xi,j(t) in (3) is an independently identically distributed
stochastic process, which represents the human behavior of
the electricity usage. Its mean function Pm(t) represents the
average electricity consumption pattern in a certain region

Pm(t) = E{Xi,j(t)}. (5)

The covariance function K(t1, t2) is the covariance between
the value of Xi,j(t) at two time points t1 and t2. For a mathe-
matical approximation, some studies [14]–[16] suggested that
it has the “squared exponential” form

K(t1, t2) = σ(t1)σ (t2)e
− (t1−t2)2

2T2 . (6)

The time constant T represents: “within how much time the
user electricity usage is correlated.” Particularly, when t1 = t2,
the K(t1, t1) = σ 2(t1) is the self-variance at time point t1, and
σ(t1) is the standard deviation.

The annual mean μm and maximum μmax of Pm(t) are
defined in (7), while the annual maximum standard deviation
σmax is defined in (8). At any given time point t0, Pi is defined
as the total active power at PoC i ∈ H when ignoring the loss
in LV grid, shown in (9)

μm = 1

year

∫
year

Pm(t)dt, μmax = max
t∈year

{Pm(t)} (7)

σmax = max
t∈year

{σ(t)} (8)

Pi =
ni∑

j=1

Pi,j(t0). (9)

B. Load Proportion Factor

According to (3) and (5), for any i1, i2 ∈ H, the mathemati-
cal expectations of the real time active power Pi1 and Pi2 have
the following relation:

E{Pi1}
E{Pi2}

= ξi1

ξi2
, ξi =

ni∑
j=1

ξi,j (10)

where ξi is defined as load proportion factor.
The relation in (10) is the fundamental basis of the load

estimation approach in this paper. The grid operators can use
the real-time measurements at some of the household PoCs to
estimate the power at the others. This is the reason why in
Section III the paper proposes to measure at least one PoC
connected with household load.

Unfortunately, the exact user preference factors and load
proportion factors are unknown. This paper discusses two
commonly used methods [5]–[7] to estimate them: 1) num-
ber of customers and 2) annual bill. The estimated relative
load proportion factor θ̂i is defined by each method.

1) Method 1: Estimation based on number of customers.
Let PoC x ∈ H have the most customers, and (11) defines θ̂i

θ̂i = ni

nx
. (11)

2) Method 2: Estimation based on annual bill. The paper
defines Ci as the total annual consumption of all the customers
at PoC i. Similarly, let PoC x ∈ H have the largest total annual
consumption, and (12) defines θ̂i

θ̂i = Ci

Cx
. (12)

According to the definitions above, no matter which esti-
mation method is used, the following statement is always
true:

θ̂i ≤ θ̂x = 1. (13)

C. Load Measurements and Error

Let S ⊂ H be the set containing the numbers of the house-
hold PoCs where meters are installed. The active power is not
directly measured, but calculated. The error of power calcu-
lation can be derived from the error of voltage and current
measurements. Assume Ũr and Ĩr,a are the measured values
of voltage and active current at PoC r ∈ S, the active power P̃r

can be calculated by (14)

P̃r = √
3ŨrĨr,a = Pr + ζr (14)

where Pr is the real value of the active power, and ζr is defined
as the resulted error.

It can be assumed that ζr follows normal distribution with
mean zero and variance δ2

r : almost all (99.7%) the ζr falls
in the range of ±3δr. According to (2) and (7), δr can be
calculated by (15)

δr = 1

3
nrμmaxτ0, τ0 = 1.5τU + 2τI + 3τUτI (15)

where
τ0 the relative error of active power calculation;
τU the relative error of voltage measurement;
τI the relative error of current measurement.

D. Active Load Estimation and Error

For any i ∈ H\S, i.e., an unmeasured PoC, the real time
active power P̂i is estimated based on the relative load pro-
portion factor, as shown in (16), where �i is the estimation
coefficient. And the estimation error αi is defined in (17)

P̂i = �i

∑
r∈S

P̃r, �i = θ̂i∑
r∈S θ̂r

(16)

αi = P̂i − Pi. (17)

Normally each PoC contains many LV household customers,
which means each Pi is the sum of a large number of inde-
pendent random variables. Therefore, according to central limit
theorem, for any i ∈ H, each Pi approximately follows normal
distribution. From (14) and (17) it can be concluded that αi

also follows normal distribution. Thus, the upper bound of αi

can be obtained by (18) at a confidence level of 0.997

|αi| ≤ |E{αi}| + 3
√

D{αi} (18)

where E{αi} is the mean of αi, representing the system error,
which is originated by estimating the load proportion factor.
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And D{αi} is the variance of αi, representing the random error,
which is originated by the diversities of stochastic loads and
measurement inaccuracies.

The upper bound of D{αi} can be derived by a number of
variables defined in this section, as shown in (19)

D{αi} ≤ σ 2
maxφd

(
�2

i NS + ni
) + δ2

r �2
i N2

S,d (19)

where

NS =
∑
r∈S

nr, N2
S,d =

∑
r∈S

n2
r , φd = E{ξ2

i,j}. (20)

Similarly, the upper bound of E{αi} for both estimation
methods can be obtained by (21) and (22), respectively
Method 1

|E{αi}| ≤ 3λμmax

√
n2

i

NS
+ ni. (21)

Method 2

|E{αi}| ≤ 3σmaxμmax�I

μm

√
φd

(
�2

i NS + ni
)

(22)

where

�I = 1

year

√∫ year

0

∫ year

0
e
− (t1−t2)2

2T2 dt1dt2. (23)

To ensure the robustness of the algorithm, it is important to
install meters at least at the PoC with the largest θ̂i (depend-
ing on the estimation method), i.e., x ∈ S. According to (13)
and (16), �i is always smaller than 1. Therefore, the estimation
error is limited by �i.

E. Reactive Load Estimation and Error

Due to large number of household load types, sophisticated
algorithms are needed to analyze the detailed characteris-
tics of reactive power. However, statistical smart metering
data on households suggest that the power factor is very
close to 1, between 0.99 inductive and 0.97 capacitive [17].
Given the low proportion of reactive power, it is reason-
able to sacrifice the accuracy of reactive power estimation for
algorithm simplicity. This paper sets the real-time estimated
power factor to be 1. And the estimated reactive power is
always zero

Q̂i = 0. (24)

The estimation error on reactive power γi equals to the real
active power Qi, shown in (25). Its upper bound can be cal-
culated with the lowest power factor (0.97 capacitive) and the
highest active power, shown in (26)

|γi| = |Q̂i − Qi| = |Qi| (25)

|Qi| ≤
√

1 − 0.972

0.97
Pi,max ≈ 0.2506niμmax. (26)

V. STATE ESTIMATOR

A. Nonlinear Optimization

As the core of the operation framework, the state estimator
evaluates the state of the grid based on network param-
eters, (pseudo) measurement data and topology status. In
this paper the widely used WLS state estimator is applied.
Mathematically it can be expressed as the minimization of
a weighted square sum of all deviations between calculated
values and (pseudo) measured values

f (v) =
NM∑
i=1

wi(Ci(v) − Mi)
2 (27)

where
v state vector;
f (v) total deviation function;
NM total number of (pseudo) measurements;
wi weighting factor;
Ci(v) calculated value from the estimated state vector;
Mi (pseudo) measured value.

Each deviation is weighted by a weighting factor wi, which
is inversely proportional to the square of the error range of
the (pseudo) measurement, and the minimization of (27) is a
nonlinear optimization. Its results include the estimated com-
plex power flow Sest and the complex voltage phasor Uest at
each PoC, defined in (28). These two vectors can be further
used for the operation activities

Sest = [Si,est], Uest = [Ui,est], 1 ≤ i ≤ NPoC (28)

where

Si,est = Pi,est + jQi,est estimated power flow at ith PoC;
Ui,est estimated voltage phasor at ith

PoC.

B. Failure of State Estimation

Due to measurement error or algorithm divergence, the state
estimator may not give valid results. This paper considers the
state estimation to be failed in two cases. First of all, the
nonlinear optimization may fail to converge, and no optimal
results can be obtained. Furthermore, even if the nonlinear
optimization converges, it may give unrealistic results, because
it is solved iteratively. The unrealistic results can be recognized
by comparing the node voltage magnitudes and PoC power
flows with their limit ranges. The limit ranges are determined
according to the actual situations. This paper suggests the limit
ranges for the MV grids with low DG penetration in LV level,
as shown in Table I.

In these two cases above, the operation activities cannot
be performed until the next successful state estimation. The
interruption duration of the operation activities depends on
the measurement timescale. The selection of measurement
timescale has been discussed in detail in [18].

VI. OPERATION ACTIVITIES

The results of the state estimation can be further used for
the operation activities in MV grid. Depending on the prac-
tical situation, the operation activities can differ from region
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TABLE I
LIMIT RANGES FOR RECOGNIZING UNREALISTIC RESULTS, WHEN THE

MV GRID HAS LOW DG PENETRATION IN LV LEVEL

to region. This paper takes three common operation activi-
ties as examples: voltage regulation, switching consequence
assessment, and loss estimation.

A. Voltage Regulation

The goal of voltage regulation in MV grid is to keep the
real-time voltage level Ui at each PoC as close to the ref-
erence voltage level Ui,ref as possible. This can be achieved
by optimizing the tap-positions κ of HV/MV and MV/MV
transformers, defined in (29).

With the estimated real-time power flow at each PoC, the
optimization turns to be the minimization of the weighted aver-
age voltage quality deviation �U, defined in (30), which is
essentially an integer programming problem. As a result, the
optimal tap positions κ can be found

κ = [κj], 1 ≤ j ≤ NT (29)

where
κj tap position at jth HV/MV or MV/MV transformer,

which is an integer and within the range κj,min ≤
κj ≤ κj,max;

NT total number of HV/MV or MV/MV transformers

�U(κ) =
√√√√

∑NPoC
i=1 ηi(Ui(Sest, κ) − Ui,ref)2

∑NPoC
i=1 ηi

(30)

where
�U weighted average voltage quality deviation;
ηi importance factor, representing the voltage

control priority;
Ui(Sest, κ) resulted voltage level at PoC i, with respect to

the estimated power flow and tap positions.
The paper defines two indices to evaluate the performance

of voltage regulation: εU is the probability that the esti-
mated optimal transformer tap positions achieve the real
optimal tap positions; �Udiff,max is the maximum difference
on �U between the result with estimated and real optimal tap
positions.

B. Switching Consequence Assessment

If a component in the grid is out of service, the topol-
ogy of the grid will be changed to keep the power supply
to customers: some disconnectors will be closed and some

will be opened. A switching activity might have two conse-
quences: 1) it changes the power flow, and some component
in the grid might be overloaded and 2) in case of closing
a disconnector, the voltage difference across the disconnec-
tor before closing might be too high, which would damage
the disconnector during the switching transient. Therefore,
a switching consequence assessment is necessary to deter-
mine whether a switching activity is safe. With the real-time
power flow Sest, following calculations can be done before a
switching activity.

1) Execute power flow calculation for the topology status at
every stage of the switching activity. Check the potential
overloading of all the components in the grid.

2) Before closing a disconnector, calculate the voltage dif-
ferent across the disconnector. Check if it is safe to
close.

To evaluate the performance of the assessment, the rate of
risky assessment εswt,risk is defined as the conditional probabi-
lity of the estimated maximum loading being lower than 90%,
given that the real maximum loading is higher than 95%. In
contrast, εswt,conv is defined as the rate of conservative assess-
ment. Additionally, Uswt,err,max is defined as the maximum
estimation error on voltage difference across the disconnector
to be closed.

C. Loss Estimation

For grid operators an accurate estimation of the losses in
MV grid is important. With estimated voltage phasor Uest, the
real-time power loss across a certain branch can be calculated
as in (31). The total real-time loss in the grid is the sum of the
losses of all the branches. For the performance of loss esti-
mation, Ploss,err,avg and Ploss,err,max are defined as the average
and maximum error of loss estimation in percentage

Pk,loss,est =
∣∣∣∣
Uik,est − Ujk,est

Zk

∣∣∣∣
2

Rk (31)

where
Pk,loss,est estimated real-time power loss for kth branch;
ik, jk two node numbers kth branch is connected with;
Zk, Rk impedance and resistance of kth branch.

VII. PROBABILISTIC APPROACH TO DETERMINE THE

MEASUREMENT PLACEMENT IN THE FIELD

In Section III, an initial measurement scheme is proposed,
including all MV substations, all PoCs with large industrial
loads or DGs, and one PoC with household loads and one
with commercial loads. Adding more measured points in the
field can improve the performance of the state estimator and
the operation activities, but the investment is also increased.
This section presents a probabilistic approach to determine the
minimum necessary measurement scheme, which consists of
minimal number of measured points, and is sufficient to satisfy
the requirements for operation performance.

A. Monte Carlo Simulation

This paper uses the Monte Carlo method to evaluate the per-
formance and robustness of the designed operation framework
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with a certain measurement scheme. The following random
factors are considered: 1) grid topology; 2) loads and gen-
erations; 3) measurement errors; and 4) unavailability of
measurement data.

Based on the probability distribution of these random
factors, a large number of cases are generated. The num-
ber of simulation cases depends on the variances of all
the uncertainties in the grid [19]. For each simulation case,
the state estimation is executed, and the operation activities
are simulated. The results of all the simulation cases are
aggregated, and the overall results can be obtained for a cer-
tain measurement scheme, which can be used to analyze the
measurement placement.

B. Measurement Placement

When optimizing the measurement placement, many stud-
ies [2]–[4] focused on reducing the estimation errors of
node voltage magnitudes and angles, and suggested to install
meters at the point with the maximum error variance of
node voltage. However, the operation activities depend more
on the branch voltages (voltage differences between nodes),
which are usually very small in MV grids. Due to cance-
lation effects, even tiny errors of node voltages can lead to
large errors of the branch voltages, which will deteriorate
the operation results. Thus, high estimation accuracy on node
voltages does not necessarily guarantee adequate operation
results.

Considering the issue above, this paper sets the con-
straints to be that the requirements for operation activities
should be satisfied, and aims to minimize the total neces-
sary number of measured PoCs. The error variance of branch
voltage phasor is used as the primary criterion to select the
PoCs. Another important type of estimation results is the
complex power flow at each PoC, which is essential for
switching consequence assessment. Thus, the error variance
of complex power flow is used as the secondary criterion.
The selection process for the measurement scheme is shown
in Fig. 5.

First of all, for the robustness of the operation, it is nec-
essary that the failure rate of state estimation is low enough.
In the paper a threshold of 0.5% is chosen. If the failure rate
exceeds 0.5%, meters are installed at the unmeasured PoC
with the most abnormal results. The process continues until
the failure rate drops below 0.5%.

The second step is to meet the operation requirements
with more measured points. Among the PoCs connected by
the branches with top five error variances of branch volt-
age phasors, meters are installed at the unmeasured PoC with
the largest error variance of complex power flow. The pro-
cess continues until the requirements for operation results
are met.

VIII. CASE STUDY ON SAMPLE GRID

A. Grid Configurations and Requirements

A typical European distribution grid shown in Fig. 6 is
studied. The sample grid is downsized and anonymized from
a real MV grid OS Zaltbommel, owned by Alliander, a Dutch

Fig. 5. Approach to determine the measurement placement.

Fig. 6. Structure of typical European distribution grid.

distribution grid operator which operates around 1/3 of the
MV grids in the Netherlands.

The paper attempts to find the minimum measurement
scheme. The MV grid contains a 150/10 kV substation, a
10 kV regulating substation and a 10kV switching substation.
There are 74 MV PoCs, among which six PoCs are con-
nected to industrial loads. The others are connected to house-
hold/commercial loads. The number of customers at each
household/commercial PoC varies from 100 to 400. Three
PoCs are connected with DGs. The load estimation is based
on annual bill. The other grid parameters [17] are as follows:

1) μm = 0.464 kW, μmax = 1.19 kW;
2) TH =1h for household, TC = 2h for commercial;
3) σH,max = 0.7 kW, σC,max = 1 kW;
4) λ = 0.5039, φd = 1.2075;
5) τI = τU = 0.01;
6) ρC,S = 0.005 – common components in substations;
7) ρC,F = 0.01 – common components in the field;
8) ρI = 0.005 – individual components.
The following requirements are set for voltage regulation,

switching consequence assessment and loss estimation:
1) εU > 95%, �Udiff,max < 0.005 kV;
2) εswt,risk < 0.5%, εswt,conv < 1%, Uswt,err,max < 10 V;
3) Ploss,err,avg < 0.5%, Ploss,err,max < 2%.

B. Selection Process

According to the rules, three PoCs with large industrial
loads and two PoCs with large DGs are measured. In addition,
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Fig. 7. Failure case count for top ten PoCs, for initial measurement scheme.

Fig. 8. Maximum estimation error of PoC voltage level, when failure rate
is smaller than 0.5%.

Fig. 9. Standard deviations of the estimation errors of complex power flows
at the PoCs that are connected by the branches with top five error variances
of branch voltage phasors, when failure rate is smaller than 0.5%.

PoC 61 and 54 are measured with the largest relative load pro-
portion factor for household and commercial loads. Initially
seven PoCs are measured: 9, 11, 34, 49, 52, 54, and 61.

Monte Carlo simulations are executed for 1000 cases, and
the failure rate of state estimation is 3%. Fig. 7 shows the
failure case count for top ten PoCs, where PoC 67 gives
the most abnormal results. Thus, meters are installed at PoC
67, and the process continues. After adding meters on three
PoCs, the failure rate drops to 0.1%. The robustness of the
state estimator is now adequate. The operation results are as
follows:

1) εU = 95.5%, �Udiff,max = 0.0035kV;
2) εswt,risk = 0%, εswt,conv = 0%, Uswt,err,max = 10.02V;
3) Ploss,err,avg = 0.591%, Ploss,err,max = 1.99%.
The operation requirements are still not met, but the max-

imum estimation errors on PoC voltage levels are already
smaller than 0.2%, as shown in Fig. 8. Moreover, the error
differences between measured and unmeasured PoCs are
insignificant. Thus, as discussed in Section VII, node voltage
error is less adequate to be the selection criterion.

Considering the PoCs connected by the branches with top
five error variances of branch voltage phasors, the standard
deviations of the errors of complex powers are shown in Fig. 9,
where PoC 37 has the largest error variance. Thus, meters are

installed at PoC 37, and the process continues. After adding
meters on five PoCs, the operation results are as follows:

1) εU = 95.7%, �Udiff,max = 0.0037kV;
2) εswt,risk = 0%, εswt,conv = 0%, Uswt,err,max = 7.93V;
3) Ploss,err,avg = 0.498%, Ploss,err,max = 1.86%.
The operation requirements are met, and the final min-

imum measurement scheme contains 15 PoCs. Considering
measurement errors and failures, load estimation errors, and
algorithm divergence, the paper manages to meet the operation
requirements with measuring 20% of all the PoCs.

C. Comparison With Current Operation Strategy

To demonstrate the improvements that the proposed new
framework may gain, the operation results are compared
with those based on the currently used operation strategy in
Alliander.

For voltage regulation, the tap positions of the transformers
are controlled by the automatic voltage regulator with line drop
compensation. Only the total transformer current is taken into
account. Moreover, there is no coordination between the main
transformer and the regulating transformers.

For switching consequence assessment, grid operators rely
on different types of the disconnector symbols in the grid
schematics. As shown in Fig. 6, a single sided flag indi-
cates a disconnector from the same transformer and is safe
to close, while a double sided flag indicates a disconnector
from different transformers and is risky to close.

For loss estimation, the annual total loss is calculated by
subtracting the total received energy by the total delivered
energy. In this way, the real-time loss cannot be calculated.

With the same grid conditions, the operation activities are
simulated with the strategy above. The relevant operation
results are as follows:

1) εU = 12.3%, �Udiff,max = 0.149kV;
2) εswt,risk = 50%, εswt,conv = 37.97%

voltage difference across the disconnector is unavailable;
3) real-time loss is unavailable.
In qualitative aspects, some operation activities, e.g., real-

time load estimation, cannot be performed due to insufficient
data. In quantitative aspects, there are indubitable signifi-
cant improvements of the operation results for the proposed
framework over the currently used strategy.

IX. CONCLUSION

This paper presents a probabilistic approach for measure-
ment placement optimization in MV grids and an operation
framework based on the WLS state estimator. Distribution grid
operators can use the framework as a guideline to design their
operation strategy, as this paper addresses several important
issues from practical situations.

Considering the cost allocation of measurement units, it is
preferred to minimize the total number of measured points,
instead of the total number of measured quantities, because
the cost of common components is significant. Meanwhile,
the unavailability of measurement data is crucial for the actual
operation of MV grids, and needs to be taken into account.
Besides the real measurements, two load estimation methods
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are presented, and their error ranges are analyzed based on
central limit theorem.

The widely used WLS state estimator is applied in this
paper. In addition, the failure of state estimation is defined to
exclude unrealistic results. Three common operation activities
are discussed: 1) voltage regulation; 2) switching consequence
assessment; and 3) loss estimation. Depending on different
circumstances, other activities could also be integrated.

Because the voltage differences between nodes in MV grids
are fairly small, it is arguably less appropriate to use the
estimation error of node voltage as the constraint and/or the
selection criterion for measurement placement. Instead, this
paper chooses the estimation error of branch voltage phasor
and PoC complex power flow as the selection criteria to deter-
mine the minimum necessary measurement scheme, which
could satisfy the requirements for operation activities.

A case study on a typical European distribution grid
demonstrates the feasibility of the operation framework. A
minimum measurement scheme with 20% of all the PoCs is
found, which satisfies the operation requirements. Moreover,
the comparison with the currently used strategy indicates
the qualitative and quantitative advantages of the proposed
framework.

As the sponsor of this research, Alliander is currently carry-
ing out several DMS-related pilot projects, and is interested in
implementing the core concepts of this framework. In future
research more complex aspects will be considered, such as
harmonic distortions and phasor measurements.

REFERENCES

[1] K. Li, “State estimation for power distribution system and measure-
ment impacts,” IEEE Trans. Power Syst., vol. 11, no. 2, pp. 911–916,
May 1996.

[2] M. Baran, J. Zhu, and A. Kelley, “Meter placement for real-time moni-
toring of distribution feeders,” IEEE Trans. Power Syst., vol. 11, no. 1,
pp. 332–337, Feb. 1996.

[3] A. Shafiu, N. Jenkins, and G. Strbac, “Measurement location for state
estimation of distribution networks with generation,” IEE Proc. Gener.
Transmiss. Distrib., vol. 152, no. 2, pp. 240–246, Mar. 2005.

[4] R. Singh, B. Pal, and R. Vinter, “Measurement placement in distribu-
tion system state estimation,” IEEE Trans. Power Syst., vol. 24, no. 2,
pp. 668–675, May 2009.

[5] W. Kersting and W. Phillips, “Load allocation based upon auto-
matic meter readings,” in Proc. IEEE/PES Trans. Distrib. Conf. Expo.,
Chicago, IL USA, Apr. 2008, pp. 1–7.

[6] R. F. Arritt, R. Dugan, R. Uluski, and T. Weaver, “Investigation load
estimation methods with the use of AMI metering for distribution system
analysis,” in Proc. IEEE Rural Elect. Power Conf. (REPC), Milwaukee,
WI, USA, Apr. 2012, pp. B3.1–B3.9.

[7] M. Baran and T. McDermott, “Distribution system state estimation using
AMI data,” in Proc. IEEE/PES Power Syst. Conf. Expo. (PSCE), Seattle,
WA, USA, Mar. 2009, pp. 1–3.

[8] R. Singh, B. Pal, and R. Jabr, “Distribution system state estimation
through Gaussian mixture model of the load as pseudo-measurement,”
IET Gener. Transmiss. Distrib., vol. 4, no. 1, pp. 50–59, Jan. 2010.

[9] E. Manitsas, R. Singh, B. Pal, and G. Strbac, “Distribution system
state estimation using an artificial neural network approach for pseudo
measurement modeling,” IEEE Trans. Power Syst., vol. 27, no. 4,
pp. 1888–1896, Nov. 2012.

[10] S. Deshmukh, B. Natarajan, and A. Pahwa, “State estimation and
voltage/VAR control in distribution network with intermittent mea-
surements,” IEEE Trans. Smart Grid, vol. 5, no. 1, pp. 200–209,
Jan. 2014.

[11] A. Pazderin, E. Plesniaev, and E. V. Mashalov, “An energy flow calcula-
tion method based on energy meters data,” in Proc. 3rd Int. Conf. Elect.
Utility Deregul. Restruct. Power Technol. (DRPT), 2008, pp. 834–839.

[12] A. Pazderin, S. Kokin, A. Egorov, and E. Kochneva, “Solution of
energy flow problem using state estimation technique,” in Proc. 5th
Annu. Conf. IEEE Ind. Electron. (IECON), Porto, Portugal, Nov. 2009,
pp. 1736–1741.

[13] E. Lakervi and E. J. Holmes, Electricity Distribution Network Design
(Power and Energy). London, U.K.: IET, 1995.

[14] M. Ghofrani, M. Hassanzadeh, M. Etezadi-Amoli, and M. Fadali, “Smart
meter based short-term load forecasting for residential customers,” in
Proc. North Amer. Power Symp. (NAPS), Boston, MA, USA, Aug. 2011,
pp. 1–5.

[15] J. Yan, C. Tian, J. Huang, and Y. Wang, “Load forecasting using twin
Gaussian process model,” in Proc. IEEE Int. Conf. Ser. Operat. Logist.
Informat. (SOLI), Suzhou, China, Jul. 2012, pp. 36–41.

[16] H. Mori and M. Ohmi, “Probabilistic short-term load forecasting with
Gaussian processes,” in Proc. 13th Int. Conf. Intell. Syst. Appl. Power
Syst., Arlington, TX, USA, Nov. 2005, pp. 452–457.

[17] Energy Data Services Netherlands. (2013). Verbruiksprofielen [Online].
Available: http://www.edsn.nl/verbruiksprofielen/

[18] Y. Xiang and J. Cobben, “Probabilistic analysis on measurement
timescale in medium voltage grid,” in Proc. 13th Int. Conf. Environ.
Elect. Eng. (EEEIC), Wroclaw, Poland, Nov. 2013, pp. 52–57.

[19] G. S. Fishman, Monte Carlo: Concepts, Algorithms, and Applications.
New York, NY, USA: Springer, May 1996, sec. 2.4, p. 34.

Yu Xiang (S’13) received the B.Sc. degree in electri-
cal engineering from Zhejiang University, Zhejiang,
China, in 2008, and the M.Sc. degree in elec-
trical engineering from the Eindhoven University
of Technology, Eindhoven, The Netherlands, in
2011, where he is currently pursuing the Ph.D.
degree in cooperation with Alliander N.V., Arnhem,
The Netherlands, and Dutch Distribution System
Operator.

His current research interests include distribution
grid state estimation, measurement placement, and

data analysis.

Paulo F. Ribeiro (M’78–SM’88–F’03) received
the Ph.D. degree in electrical engineering from
the University of Manchester, Manchester, U.K., in
1985.

His professional experience has included teach-
ing at American, European, and Brazilian univer-
sities, and he has held research positions with the
Center for Advanced Power Systems, Florida State
University; Electric Power Research Institute, Palo
Alto, CA, USA; and NASA, Lewis Research Center,
Cleveland, Ohio, USA. He has written over 250

peer-reviewed papers, chapters, and technical books. His current research
interests include academic, industrial management, electric companies, and
research institutes in power systems, power electronics, and power quality
engineering.

Dr. Ribeiro is a Distinguished Lecturer of the IEEE and the Institution of
Engineering and Technology (IET), and is a Fellow of the IET.

Joseph F. G. Cobben (M’11) received the Ph.D.
degree in electrical engineering from the Eindhoven
University of Technology (TU/e), Eindhoven, The
Netherlands, in 2007.

He is a Research Scientist with Alliander,
Arnhem, The Netherlands, and specializes in safety
of the low voltage (LV)- and medium voltage
(MV)-networks, power quality, and safety of instal-
lations connected to the networks. He is a part-time
Professor at TU/e. He is the author of several tech-
nical books. His current research interests include

smart grids and power quality.
Dr. Cobben is a member of several national and international standardiza-

tion committees about requirements for LV and high voltage installations, and
characteristics of the supply voltage.



<<
  /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 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 "Recommended"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


