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Abstract—The paper deals with identification of topology 

errors, i.e. identification of incorrect modelling of the physical 
connections of a power system, which is one of the most 
important tasks of the real-time modeling of a power system. The 
paper presents the method, based on utilization of introduced-by-
authors so-called unbalance indices and artificial neural 
networks. Values of the unbalance indices create characteristic 
sets for different cases of modeling of branches and nodes of the 
considered power system. In the paper, analyses of the mentioned 
sets is made. The analysis allows to point out these cases of 
topology errors, which can be distinguished by examination of 
values of the unbalance indices. The analysis gives bases for 
determination of the cases, for which the considered method is 
efficient. The presented considerations are illustrated by the case 
study. At the end, the features of the method are summed up. 
 

Index Terms— ART Neural Networks, Estimation, Power 
Systems, Topology  

I.  INTRODUCTION 
dentification of power-system topology errors (TEs), i.e. 
identification of incorrect modelling of the physical 

connections of a power system is one of the more important 
tasks of the real-time modeling of a power system. This task 
can be performed with use of the results of state estimation 
(e.g. [1]-[7]) or independently of this process (e.g. [1], [8]-
[15]). In the first case, the methods of identification of 
topology errors are sophisticated and time consuming. They 
can fail when there are convergence problems in the state 
estimation. In the second case, the most important feature of 
the identification of TEs is that it is independent from results 
of state estimation, and then independent from the mentioned 
convergence problems. In the paper, this second case of the 
identification of TEs is considered. The node-branch model of 
a power system is assumed. 

The aim of the paper is to present results of the next stages 
of investigations of the identification of TEs with use of the 
approach which is considered in [15]. The method from [15] 
uses the idea of so-called unbalance indices whose values 
create characteristic sets for distinguished TEs. The 
standardized values of unbalance indices are inputs for 
artificial neural networks (more precisely, Radial Basis 
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Function networks – RBF networks). In this paper, the 
approach to identification of TEs, which is considered in the 
paper [15], is analyzed not only for the cases of consideration 
of correctness of inclusion or exclusion of the branches from a 
topology model but also for the cases, in which correctness of 
connection of a selected branch with each of its terminal nodes 
in the model is separately taken into account. The correctness 
of modeling the nodes is investigated, as well. The results of 
the carried out analysis allow to increase the number of cases 
in which TEs are identified, using the approach utilized in 
[15].  

II.  THEORETICAL BACKGROUND OF THE METHOD 
The considered method is based on the observations that if 

TE occurs some of the relationships among distinguished 
quantities in a power system become unfulfilled. It should be 
emphasized that in many power system applications if 
a branch is not included in the power system model, the 
relationships for this branch are not considered, because 
measurement data for it are not taken into account.  

In the analyzed method, relationships for all nodes and all 
branches are always taken into account. It is independent of 
the correct or incorrect inclusion of these nodes and branches 
into the power system model. To have possibility of 
examination of the mentioned relationships the so-called 
unbalance indices for nodes and branches are introduced. The 
nodal unbalance indices are defined as follows [16]: 
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where WPk, WQk are unbalance indices for node k for active 
and reactive power, respectively, Ik is the set of nodes 
connected to the node k; Pkl, Qkl are respectively active and 
reactive power flows on the branch connecting the nodes k and 
l (the branch k-l) at the node k.  

Unbalance indices for branches are as follows [16]: 
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V
kl VVBW +=  Vk, Vl are voltage magnitudes at 

the nodes k and l respectively; Rkl, Xkl, Bkl are parameters of 
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the π model of the branch k-l (Fig. 1); Bkl = Blk = B, B is a half 
of the capacitive susceptance of the branch; 
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The nodal unbalance indices are calculated with use of the 
measurement data of active and reactive power flows in a 
power system. For calculation of the branch unbalance indices 
the nodal unbalance indices are utilized instead of the 
measurement data of active and reactive power flows.  

Values of the unbalance indices for nodes and branches 
create sets which are characteristic for different TEs.  

Fig. 1.  The assumed π model of the branch. Zkl = Rkl + j Xkl. 

III.  CHARACTERISTIC SETS OF UNBALANCE INDICES  
FOR DIFFERENT TOPOLOGY ERRORS 

In the section, the assumption is made that there are no 
errors burdening measurement data. In the carried out 
considerations, the branch k - l and the nearest area of a power 
network, comprising nodes connected with the nodes k and l 
through branches, is taken into account.  

Further, the area containing: 
(i) the node k,  
(ii) all the nodes adjacent to the node k (creating the set Ik), 

from which each is connected with the node k through 
a branch, 

(iii) all the branches connecting the nodes mentioned in (ii) 
with the node k,  

is called as the area Ak.  
The branch k - l is in the area Ak as well as in the area Al. 
The unbalance indices for branches and nodes for the here-

considered cases are presented in Table I.  

A.  There are no Errors - Correct Modeling of a Branch 
When there are no TEs, for each node in the areas Ak and Al 

the unbalance indices are equal to zero. The unbalance indices 
for any branch in the considered areas are different from zero, 
but moduli of their values are relatively small. 

B.  Exclusion Error 
When the selected branch k - l is not included in the 

topology model but in the system it is in operation then the 
unbalance indices for the terminal nodes of the branch are 
different from zero. The larger power flows at the ends of the 
branch the larger moduli of the mentioned unbalance indices.  

The unbalance indices for the branch k - l are equal to zero. 
The unbalance indices for other branches, for which the nodes 
k and l are terminal (i.e. for the branches in the areas Ak and 
Al), are different from zero. These unbalance indices are 

dependent on the power flows on the branch k - l. Their 
moduli can be relatively large when the moduli of the 
mentioned power flows are large. 

C.  Inclusion Error 
When in the power system the selected branch k - l is out of 

operation but it is included in the topology model, then 
comparing with the case of correct modeling the power system 
(subsection A) the mentioned fact does not change the 
unbalance indices for: 
(i) the terminal nodes of the branch k – l, and all other nodes 

in the areas Ak and Al, 
(ii) the branch k – l, and all other branches in the areas Ak and 

Al.  

D.  Incorrect Switching-off a Branch at One End in a 
Topology Model when in the Power System the Branch is in 
Operation 

If in a system a branch is in operation and in the topology 
model this branch is erroneously connected with the node x, 
where x ∈ {k, l}, i.e. the branch is not connected with the node 
x, then the unbalance indices for:  
(i) the node y, where y ∈ {k, l} and x ≠ y,  
(ii) all the nodes i, where i ∈ (Ik ∪ Il) – {k, l},  
(iii)  the branches connected with the node y and other one 

than the branch k - l,  
are the same as in the case of correct modeling the power 
system (subsection A).  

Generally, the unbalance indices for the node x and for the 
branches in the area Ax (also for the branch k-l) have values 
different from the values, that these unbalance indices have in 
the case of correct modeling the power system.  

It can be noted that when in the system the branch k - l is in 
operation but it is switched off at one end in a topology model, 
then after switching off the branch k - l also at the second end 
in a topology model, all the unbalance indices for the areas Ak 
and Al are the same as in the case of exclusion error 
(subsection B).  

E.  Incorrect Switching-on a Branch at One End in a Topology 
Model when in the Power System the Branch is out of 
Operation 

In the considered case, the unbalance indices for all the 
nodes and all the branches in the areas Ak and Al are the same 
as in the case in which there are no topology errors (subsection 
A), i.e. when in the topology model the branch k-l is switched 
off at both ends. 

F.  Incorrect Switching on a Branch at One End in a Topology 
Model When in the Power System the Branch is Switched on at 
One End 

Ascertainment that a branch is incorrectly switched on at 
one end in a topology model when in the system the branch is 
switched on at one end means that in the topology model the 
branch is switched on at both ends. In this case the unbalance 
indices for all the nodes and all the branches in the areas Ak 
and Al are the same as in the case in which there are no 
topology errors (subsection A) and in the case of inclusion 
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error. 

G.  Incorrect Switching-off a Branch at One End in a 
Topology Model when in the Power System the Branch is 
Switched off at the Other End 

In the subsection, it is assumed that:  
(i) in a system, the branch k - l is not connected with the 

node x, and it is connected with the node y where x, 
y ∈ {k, l} and x ≠ y,  

(ii) in the topology model, the branch k - l is not connected 
with the node x and also with the node y.  

In the considered case, the unbalance indices for:  
(i) the node x,  
(ii) all the nodes i, where i ∈ (Ik ∪ Il) – {k, l},  
(iii) the branches connected with the node x and other ones 

than the branch k - l,  
are the same as in the case of correct modeling the power 
system (subsection A). The unbalance indices for the branches 
in the area Ay apart from the branch k-l have values different 
from the values, that they have in the case of correct modeling 
the power system. However, usually differences between the 

mentioned values are relatively small as the power flows on 
the branch k - l at the node y are usually small.  

It can be expected, that the moduli of the unbalance indices 
for the branch k-l and differences between the moduli of the 
mentioned unbalance indices and the moduli of the 
appropriate unbalance indices for the case A (when there are 
no topology errors) are relatively small. 

H.  Incorrect Switching-on a Branch at One End and Incorrect 
Switching-off a Branch at Second End in a Topology Model 

In the considered case, incorrect modeling a branch at one 
end at which the branch is switched off in a power system 
does not implies changes of the unbalance indices for the 
terminal node in comparison with the correct modeling the 
branch at this end. However, changes of the unbalance indices 
can be observed for the second terminal node of the branch. At 
this end, the branch is also incorrectly modeled and now this 
fact has influence on values of the mentioned unbalance 
indices. It should be noted, that in a power system the branch 
is switched on at the considered end. A result of the existing 
situation is such a set of the unbalance indices for the nodes 

TABLE I 
UNBALANCE INDICES FOR BRANCHES AND NODES IN THE AREAS Ak, Al FOR DIFFERENT CASES 

 
Case Branches  Nodes 

 x - y j – i   x y 

There are no errors WXxy = γXxy, WXyx = γXyx WXji = γXji, WXij = γXij WXx = 0 WXy = 0 

Exclusion error WXxy = 0, WXyx = 0 WXji = ΓXji, WXij = ΓXij WXx = UXx, UXx = FXx WXy = UXy, UXy = FXy 

Inclusion error WXxy = γXxy, WXyx = γXyx WXji = γXji, WXij = γXij WXx = 0 WXy = 0 

Model: incorrect switching-off the branch at one end (at the node y); 
System: the branch is in operation WXxy = ΓXxy, WXyx = ΓXyx 

WXxi = γXxi, WXix = γXix 
WXyi = ΓXyi, WXiy = ΓXiy 

WXx = UXx, UXx = 0 WXy = UXy, UXy = FXy 

Model: incorrect switching-on the branch at one end (at the node y); 
System: the branch is out of operation WXxy = γXxy, WXyx = γXyx WXji = γXji, WXij = γXij WXx = 0 WXy = 0 

Model: incorrect switching-on the branch at one end (at the node y); 
System: the branch is switching-on at one end (at the node x) WXxy = γXxy, WXyx = γXyx WXji = γXji, WXij = γXij WXx = 0 WXy = 0 

Model: incorrect switching-off a branch at one end (at the node y) 
System: the branch is switched off at one end (at the node x) WXxy = ΓXxy, WXyx = ΓXyx 

WXxi = γXxi, WXix = γXix 
WXyi = ΓXyi, WXiy = ΓXiy 

WXx = UXx, UXx = 0 WXy = UXy, UXy = FXy 

Model: incorrect switching-on a branch at one end (at the node x) 
and incorrect switching-off the branch at second end 

System: the branch is switched off at one end (at the node x)  
and switching-on the branch at second end 

WXxy = ΓXxy, WXyx = ΓXyx 
WXxi = γXxi, WXix = γXix 
WXyi = ΓXyi, WXiy = ΓXiy 

WXx = UXx, UXx = 0 WXy = UXy, UXy = FXy 

Correct modeling of nodes  
(the nodes x and y can be result of splitting a node) WXxy = 0, WXyx = 0 WXji = γXji, WXij = γXij WXx = 0 WXy = 0 

Node-split error (the nodes x and y are result of splitting a node) WXxy = 0, WXyx = 0 WXji = ΓXji, WXij = ΓXij WXx = UXx, UXx = FXx WXy = UXy, UXy = FXy 

Node-merging error (the nodes x and y are the merged nodes)  WXxy = 0, WXyx = 0 WXji = γXji, WXij = γXij WXx = 0 WXy = 0 
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and branches in the areas Ak and Al as in the case G. The here-
considered situation is very like to the situation in the case D. 
However, in the case D we can expect larger values of the 
moduli of the unbalance indices for the branch k-l and for the 
branches connected with the node, at which the branch k-l is 
switched on in the system, than it is in the case considered in 
this subsection. 

I.  Correct Modeling of Nodes 
The errors of modeling nodes can be considered in the 

process of identification of TEs, if the appropriate topology 
model of a power network is utilized. If a node can be splitted 
into certain number of nodes (e.g. two nodes), not one but the 
appropriate number (e.g. two) of nodes should occur in the 
topology model and they should be connected each other 
through a zero-impedance branches.  

If we consider a possibility of splitting a node into two 
nodes, let us call one of them as the node k and the second one 
as the node l. The branch between the mentioned nodes is a 
zero-impedance branch.  

When there are no TEs, for each node in the areas Ak and Al 
the unbalance indices are equal to zero. For any branch in the 
considered areas but other than the branch k-l the unbalance 
indices are different from zero and moduli of their values are 
relatively small. For the branch k-l the unbalance indices are 
equal to zero. 

J.  Node-Split Error 
When there is the node-split error, the unbalance indices 

are the same as in the case of the branch-exclusion error, if the 
nodes k and l are two nodes, which are introduced into the 
topology model instead of the splitted node. 

K.  Node-Merging Error 
It should be underlined, that the node-merging error can be 

considered as the branch-inclusion error. In this situation, after 
the node-merging error occurs, the unbalance indices for all 
nodes and all branches in the areas Ak and Al are the same as in 
the case of correct modeling the power system (subsection I). 

L.  Conclusion from the Carried out Analysis of the Different 
Cases of Topology Error Identification 

Analyzing values and relations among these values of the 
unbalance indices for all nodes and all branches in the areas Ak 
and Al, in which there is the considered branch, we can 
ascertain that the case B, i.e. the case of the branch exclusion 
error can be easily identified.  

When we recognize that a branch is switched off at one end 
in a topology model and we perform artificial disconnection of 
the branch at the second end from a terminal node then, in 
fact, in the case D, we have such a situation as in the case B 
and therefore we can determine which TE occurs. Using the 
mentioned way we can ascertain that we have the case D, 
i.e. there is incorrect switching-off a branch at one end in a 
topology model when in the system the branch is in operation. 

Considering correctness of modeling nodes in a topology 
model we can state that the identification of TE in the case J is 
also simple. 

Analysis of the sets of values of the unbalance indices for 
all nodes and all branches in the areas Ak and Al shows that 
one can determine a characteristic set of these values for each 
of the following groups of cases: 
(i) A, C, E, F, 
(ii) G, H, 
(iii) I, K. 

The mentioned fact means that it is not possible to 
unequivocally distinguish the cases belonging to the earlier-
given groups. 

IV.  REAL CONDITIONS OF TOPOLOGY-ERROR IDENTIFICATION 
In real cases, measurement data are burdened with errors. 

There can not also exclude existence of multiple TEs. In these 
conditions, TE identification is a more complex problem. The 
possible solution of such problem is utilization not only 
unbalance indices but also ANNs as it was done in [15]. 

V.  PRINCIPLE OF THE METHOD 
The method for TE identification consists of the following 

steps:  
(i) testing connections of branches with nodes in a topology 

model - if there is switching-off of the branch only at one 
end, performing disconnection of the branch from the 
node at its second end, 

(ii) calculation of unbalance indices for nodes and branches,  
(iii) pre-processing of unbalance indices,  
(iv) local classification,  
(v) global classification. 

The steps (ii) - (v) are described more extensively in [15]. 
The first step of the method allows increasing the number 

of cases in which the TE identification is possible. 
The pre-processing standardisation of each unbalance index 

is realized using RBF unit with Gaussian transfer function:  

 ( )22 2exp)( σ−= xxf , (5) 

where σ is a parameter calculated on the base of:  
(i) standard deviations of data of the active or reactive power 

flows in the case of unbalance indices for nodes for active 
or reactive powers respectively,  

(ii)  the parameters σ calculated for the nodal unbalance 
indices in the case of the branch unbalance indices.  

The pre-processing standardisation allows keeping input 
values for local classifiers in the range (0; 1]. 

The purpose of the local classifiers is classification of 
correctness of modelling branches of a power system using 
RBF Networks. One local classifier corresponds to one node 
of a considered power network. If the considered node has the 
number k then inputs for a local classifier, that corresponds to 
this node, are the results of the pre-processing of active and 
reactive power unbalance indices for all nodes and branches in 
the area Ak. The number of outputs of a local classifier is equal 
to the number of the branches in the area Ak.  

During the global classification, final decisions on 
correctness of modelling the individual branches are produced 
on the basis of the decisions of the local classifications.  
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VI.  CASE STUDY 

A.  Description of the Considered Power System 
The method has been tested using the IEEE 14-bus test 

system. The part of the tests is presented in this case study.  
In the case study, the part of the IEEE 14-bus test system, 

which is presented in Fig. 2, is taken into account. Parameters 
of the branches of the part of the test system from Fig. 2 are 
shown in the Table II. In Table III, the results of the load flow 
calculations for different considered cases are gathered. The 
state, in which all branches are in operation, is an initial one. 

Fig.  2. The part of the IEEE 14-bus test system considered in the case study.  

 
TABLE II 

PARAMETERS OF THE BRANCHES  
IN THE CONSIDERED PART OF THE TEST SYSTEM 

 

i j 
Rij Xij Bij 

p.u. p.u. p.u. 
2 4 0.0581 0.1763 0.0374 
3 4 0.0670 0.1710 0.0346 
4 5 0.0133 0.0421 0.0128 
4 7 0.0000 0.2045 0.0000 
4 9 0.0000 0.5389 0.0000 
7 8 0.0000 0.1761 0.0000 
9 10 0.0318 0.0845 0.0000 
9 14 0.1271 0.2703 0.0000 

 
The identification of TEs for different cases of modeling 

the branch 9 (the branch 4-9, i.e. the branch between the nodes 
4 and 9) and the node 9 (Fig. 3) is described in this section. 
During the calculations the assumptions are made that one 
considers:  
(i) the cases in which the branch 9 (the branch  4-9) is in 

operation as well as the cases in which it is out of 
operation,  

(ii) the cases in which there is a split of the node 9 and also 
the cases in which there is no a split of this node. 

Inputs for the procedure of the identification of TEs are 
results of load flow calculations for the test system with noise 

representing existence of small errors with which 
measurement data are normally burdened.  

 

Fig.  3 . Different cases of modeling the node 9: a) there is no a split of the 
node 9, b) there is a split of the node 9. 
 

B.  Incorrect Modeling of only the Branch 9 
Considering incorrect modeling of only the branch 9 

(the branch 4-9), two possible cases can be distinguished:  
(i) in the system the branch 9  is in operation  but it is not 

included in the topology model,  
(ii) in the system the branch 9 is out of operation but it is 

included in the topology model.  
For both the mentioned cases the unbalance indices for 

nodes and branches in the areas, which are taken into account 
by ANNs related to the nodes 4 and 9, are gathered in 
Table IV.  ANN related to the node 4 takes into account the 
area A4, which comprises: (i) the node 4 and nodes: 2, 3, 5, 7, 
9, (ii) the branches: 4, 6, 7, 8, 9. 

ANN related to the node 9 takes into account the area A4, 
which comprises: (i) the node 9 and nodes: 4, 7, 10, 14, (ii) the 
branches: 9, 15, 16, 17. 

In Table IV, apart from the unbalance indices also 
identification decisions taken on the base of outputs of ANNs 
are presented. In Table IV and in other tables, D denotes a 
decision, B - the decision "The branch is incorrectly modeled", 
N - the neutral decision, i.e. refraining from decision making. 

Analyzing unbalance indices for the area A9 (i.e. unbalance 
indices for all the nodes and all the branches in the area A9) in 
the first part of Table IV, we can observe that the mentioned 
unbalance indices create the set of values, which is 
characteristic for the error of exclusion of the branch 9. The 
same situation is, analyzing unbalance indices for the area A4. 
ANN for the node 9 and also ANN for the node 4 allows to 
take the decision that the branch 9 is incorrectly modeled.  
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TABLE III 
ACTIVE AND REACTIVE POWERS AND VOLTAGES  MAGNITUDES  
AT THE NODES IN THE CONSIDERED PART OF THE TEST SYSTEM  

 

i j 
Pij Qij Pi_inj Qi_inj Pi_load Qi_load Vi 

p.u. p.u. p.u. p.u. p.u. p.u. p.u. 
All the branches are in operation 

2 4 -0.557  0.023  0.400  0.424 -0.217 -0.127 1.045 
3 4  0.237 -0.028  0.000  0.234 -0.942 -0.190 1.014 
4 2  0.546 -0.034 

 0.000  0.000 -0.478  0.039 1.019 
4 3 -0.237  0.055 
4 5  0.613 -0.155 
4 7 -0.287  0.093 
4 9 -0.160  0.003 
5 4 -0.623 0.130 0.000 0.000 0.000 0.000 1.020 
7 4  0.280 -0.111 

 0.000  0.000  0.000  0.000 1.062 7 8  0.000  0.172 
7 9 -0.280 -0.058 
8 7  0.000 -0.174  0.000  0.174  0.000  0.000 1.090 
9 4  0.162 -0.016 

 0.000  0.000 -0.295 0.046 1.056 9 7  0.281  0.050 
9 10 -0.053 -0.043 
9 14 -0.095 -0.036 

10 9  0.052  0.042  0.000  0.000 -0.090 -0.058 1.051 
14 9  0.094  0.034  0.000  0.000 -0.149 -0.050 1.036 

The branch 9 (the branch 4-9) is out of operation 
2 4 -0.556  0.011  0.400  0.443 -0.217 -0.127 1.045 
3 4  0.233 -0.048  0.000  0.254 -0.942 -0.190 1.010 
4 2  0.541 -0.025 

 0.000  0.000 -0.478  0.039 1.017 
4 3 -0.239  0.052 
4 5  0.569 -0.151 
4 7 -0.389  0.085 
4 9  0.000  0.000 
5 4 -0.576 0.130 0.000 0.000 0.000 0.000 1.019 
7 4  0.389 -0.115 

 0.000  0.000  0.000 0.000 1.060 7 8  0.000  0.181 
7 9 -0.392 -0.066 
8 7  0.000 -0.187  0.000  0.186  0.000  0.000 1.090 
9 4  0.000  0.000 

 0.000  0.000 -0.295 0.046 1.054 9 7  0.388  0.052 
9 10 -0.018 -0.054 
9 14 -0.073 -0.043 

10 9  0.018  0.053  0.000  0.000 -0.090 -0.058 1.049 
14 9  0.072  0.042  0.000  0.000 -0.149 -0.050 1.034 

All the branches are in operation and there is a split of the node 9 
2 4 -0.557  0.013  0.400  0.440 -0.217 -0.127 1.045 
3 4  0.231 -0.047  0.000  0.253 -0.942 -0.190 1.010 
4 2  0.553 -0.028 

 0.000  0.000 -0.478  0.039 1.017 
4 3 -0.237  0.051 
4 5  0.613 -0.155 
4 7 -0.329  0.108 
4 9a -0.116 -0.016 
5 4 -0.623 0.130 0.000 0.000 0.000 0.000 1.019 
7 4  0.330 -0.129 

 0.000  0.000  0.000  0.000 1.064 7 8  0.000  0.158 
7 9b -0.322 -0.027 
8 7  0.000 -0.161  0.000  0.162  0.000  0.000 1.090 
9a 4  0.113  0.009 

 0.000  0.000  0.000  0.000 1.043 9a 14 -0.115 -0.009 
9b 7  0.330  0.016 

 0.000  0.000 -0.295 0.046 1.062 9b 10 -0.032 -0.064 
10 9b  0.032  0.064  0.000  0.000 -0.090 -0.058 1.056 
14 9a  0.114  0.005  0.000  0.000 -0.149 -0.050 1.028 

TABLE IV 
UNBALANCE INDICES FOR THE  AREAS TAKEN INTO ACCOUNT BY ANNS 

RELATED TO THE NODES 4 AND 9 AND IDENTIFICATION DECISIONS,  
WHEN THE BRANCH 9 (THE BRANCH 4-9) IS INCORRECTLY MODELED 

 

i j 
WPi WQi WPj WQj WPij WQij WPji WQji D 
p.u. p.u. p.u. p.u. p.u. p.u. p.u. p.u. 

In the system the branch 9 is in operation  
and only it is incorrectly modeled 

4 

2

0.156 -0.002

0.004 -0.002 -0.159 -0.032 -0.161 -0.029 N 
3 0.006 0.000 -0.160 -0.029 -0.162 -0.033 N 
5 0.014 -0.003 -0.170 -0.007 -0.170 -0.008 N 
7 -0.001 0.002 -0.156 0.005 -0.156 -0.000 N 
9 -0.162 0.016 0.006 -0.001 0.006 -0.001 B 

9 

4

-0.162 -0.162

0.016 -0.002 0.006 -0.001 0.006 -0.001 B 
7 -0.001 0.002 0.163 -0.019 0.163 -0.016 N 

10 -0.001 0.000 0.164 -0.014 0.163 -0.016 N 
14 0.000 0.000 0.165 -0.010 0.162 -0.017 N 

In the system the branch 9 is out of operation  
and only it is incorrectly modeled 

4

2

0.005 0.000

-0.010 0.005 0.005 -0.044 0.005 -0.044 N 
3 -0.001 0.000 -0.004 -0.035 -0.004 -0.035 N 
5 0.006 0.001 -0.011 -0.013 -0.011 -0.013 N 
7 -0.002 -0.001 -0.002 0.001 -0.002 0.001 N 
9 0.002 0.001 -0.007 -0.000 -0.007 -0.001 N 

9

4

0.002 0.001

0.005 0.000 -0.007 -0.000 -0.007 -0.001 N 
7 -0.002 -0.001 0.000 -0.000 0.000 -0.000 N 

10 0.000 0.000 -0.002 -0.001 -0.002 -0.001 N 
14 0.000 0.000 -0.001 -0.001 -0.001 -0.001 N 
 

For other branches, we cannot state, whether the branch is 
correctly modeled, whether there is the inclusion error. 

In the second part of Table IV, the unbalance indices for 
the area A9, and also for the area A4, create a set, that is also 
observed in the case of a completely correct topology model. 
In this situation, the reasonable identification decisions are 
neutral decisions.  

C.  Modeling Multiple Topology Errors 
In the case of multiple TEs, the patterns of different TEs 

overlap each other. Such case is observed in the area A4, in 
which there are two errors (Table V). In A4, there are two 
incorrectly modeled branches, i.e. the branch 6 (the branch 
3-4) and the branch 9 (the branch 4-9). 

In this situation, identification of TEs is much more 
complex problem than identification of single TEs. However, 
also in this case, when in the system both considered branches 
(i.e. the branches 6 and 9) are in operation, decisions taken on 
the bases of outputs of the utilized ANNs are correct. When in 
the system, the branch 9 is out of operation (the second part of 
Table V), it is impossible to distinguish the error of inclusion 
of the branch into topology model from the correct modeling 
of this branch. 

D.  Incorrect Modeling of only the Node 9 
The following cases of incorrect modeling of a node can be 

distinguished:  
(i) incorrect splitting of a node,  
(ii) incorrect merging of nodes.  
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TABLE V 
UNBALANCE INDICES FOR THE  AREAS TAKEN INTO ACCOUNT BY ANNS 

RELATED TO THE NODES 4 AND 9, AND IDENTIFICATION DECISIONS,   
WHEN THE BRANCHES 6 (3-4) AND 9 (4-9)  ARE INCORRECTLY MODELED 

 

i j 
WPi WQi WPj WQj WPij WQij WPji WQji D 
p.u. p.u. p.u. p.u. p.u. p.u. p.u. p.u. 

All the Branches are in Operation  
and the Branches 6 and 9 are Incorrectly Modeled 

4 

2 

0.393 -0.057 

0.004 -0.002 -0.398 0.019 -0.389 0.046 N 
3 -0.231 0.028 -0.158 0.003 -0.152 0.019 B 
5 0.014 -0.003 -0.405 0.053 -0.407 0.047 N 
7 -0.001 0.002 -0.393 0.086 -0.393 0.055 N 
9 -0.162 0.016 -0.231 0.123 -0.231 0.054 B 

9 

4 

-0.162 0.016 

0.393 -0.057 -0.231 0.123 -0.231 0.054 B 
7 -0.001 0.002 0.163 -0.019 0.163 -0.016 N 

10 -0.001 0.000 0.164 -0.014 0.163 -0.016 N 
14 0.000 0.000 0.165 -0.010 0.162 -0.017 N 

In the test system only the branch 9 is out of operation  
and the branches 9 and 6 are incorrectly modeled 

4 

2 

0.244 -0.052 

-0.010 0.005 -0.234 0.007 -0.231 0.018 N 
3 -0.233 0.049 -0.006 -0.022 -0.006 -0.022 B 
5 0.006 0.001 -0.249 0.041 -0.250 0.038 N 
7 -0.002 -0.001 -0.241 0.065 -0.241 0.053 N 
9 0.002 0.001 -0.245 0.083 -0.245 0.051 N 

9 

4 

0.002  

0.244 -0.052 -0.245 0.083 -0.245 0.051 N 
7 -0.002 -0.001 0.000 -0.000 0.000 -0.000 N 

10 0.000 0.000 -0.002 -0.001 -0.002 -0.001 N 
14 -0.001 0.000 -0.001 -0.001 -0.001 -0.001 N 
 

TABLE VI 
UNBALANCE INDICES FOR THE  AREAS TAKEN INTO ACCOUNT BY ANNS 

RELATED TO THE NODES 9A AND 9B, AND IDENTIFICATION DECISIONS  
WHEN THE NODE 9 IS INCORRECTLY MODELED 

 

i j 
WPi WQi WPj WQj WPij WQij WPji WQji D 
p.u. p.u. p.u. p.u. p.u. p.u. p.u. p.u. 

In the test system there is no a split of the node 9  
but such split is in the model 

9a 
4 

0.068 -0.051 
-0.004 0.001 -0.065 0.053 -0.065 0.050 N 

9b -0.067 0.053 -0.001 -0.002 -0.001 -0.002 B 
14 0.002 0.002 -0.069 0.050 -0.070 0.048 N 

9b 
7 

-0.067 0.053 
-0.001 0.002 0.067 -0.055 0.067 -0.054 N 

9a 0.068 -0.051 -0.001 -0.002 -0.001 -0.002 B 
10 -0.001 0.000 0.068 -0.052 0.068 -0.053 N 

In the test system there is a split of the node 9  
but there is no such split in the topology model 

9a 
4 

-0.002 0.000 
0.006 0.000 -0.004 -0.000 -0.004 -0.000 N 

9b 0.003 -0.002 -0.002 0.002 -0.002 0.002 N 
14 0.002 0.000 0.000 -0.000 0.000 -0.000 N 

9b 
7 

0.003 -0.002 
0.008 0.003 -0.011 -0.001 -0.011 -0.001 N 

9a -0.002 0.000 -0.002 0.002 -0.002 0.002 N 
10 0.000 0.000 -0.003 0.002 -0.003 0.002 N 
 
In the case study, different cases of incorrect modeling of 

the node 9 are considered. Instead of the node 9 the nodes 9a 
and 9b occur (Fig. 3) and between them there is a zero-
impedance branch (the branch 9a-9b). In this situation the 
problem of modeling the node 9 is treated as the problem of 
modeling the branch 9a-9b. 

When there is the incorrect split of the node 9, in the first 
part of Table VI, we can see that values of the unbalance 
indices (for the area A9a as well as for the area A9b) create the 
characteristic sets for the case of error of exclusion of the 

branch 9a-9b.  
When there is the incorrect merging of the nodes 9a and 9b, 

the method does not allow to distinguish the considered case 
from the case of correct modeling of the node 9 (the second 
part of Table VI). 

E.  Incorrect Modeling the Node 9 and the Branch 16 
Cases of incorrect modeling the node 9 and the branch 16 

(the branch 9-10) can be analyzed as the cases from 
subsection C, taking into account, that instead of the node 9 
we have the nodes 9a and 9b and between the nodes 9a and 9b 
there is the zero-impedance branch. 

 
TABLE VII 

UNBALANCE INDICES FOR THE  AREAS TAKEN INTO ACCOUNT BY ANNS 
RELATED TO THE NODES 9A AND 9B, AND IDENTIFICATION DECISIONS,  

WHEN THE NODE 9 AND THE BRANCH 16 (9-10) ARE INCORRECTLY MODELED 
 

i j 
WPi WQi WPj WQj WPij WQij WPji WQji D 
p.u. p.u. p.u. p.u. p.u. p.u. p.u. p.u. 

In the test system, there is no a split of the node 9  
and the branch 16 is in operation. 

In the model there is a split of the node 9 and the branch 16 is switched off. 

9a
4

0.068 -0.051
-0.004 0.001 -0.065 0.050 -0.065 0.053 N 

9b -0.014 0.096 -0.054 -0.045 -0.054 -0.045 B 
14 0.002 0.002 -0.070 0.048 -0.069 0.050 N 

9b
7

-0.014 0.096
-0.001 0.002 0.015 -0.098 0.015 -0.097 N 

9a 0.068 -0.051 -0.054 -0.045 -0.054 -0.045 B 
10 -0.053 -0.043 0.067 -0.052 0.067 -0.053 B 

In the test system there is a split of the node 9  
and the branch 16 is in operation. In the topology model there is no  

a split of the node 9 and the branch 16 is switched off. 

9a
4

-0.002 0.000
0.006 0.000 -0.004 -0.000 -0.004 -0.000 N 

9b 0.035 0.062 -0.034 -0.062 -0.034 -0.062 N 
14 0.002 0.000 0.000 -0.000 0.000 -0.000 N 

9b
7

0.035 0.062
0.008 0.003 -0.044 -0.065 -0.044 -0.064 N 

9a -0.002 0.000 -0.034 -0.062 -0.034 -0.062 N 
10 -0.032 -0.064 -0.004 0.002 -0.004 0.002 B 

 

VII.  CONCLUSIONS 
The described method is the method of topology-error 

identification based on the utilization of unbalance indices and 
ANNs. The method is very efficient in a case of single and 
multiple TEs, when there occur such errors as:  
(i) branch-exclusion error,  
(ii) node-split error,  
(iii) error of switching off branch at one end when in a power 

system this branch is in operation.  
The method does not distinguish the case of error of 

inclusion of a branch from the case of correct modeling this 
branch. The method does not distinguish the case of the 
incorrect merging of the nodes from the case of correct 
modeling these nodes, as well. The method will be further 
developed to eliminate these disadvantages. However, it 
should be also noted that when the method could not 
distinguish the earlier-mentioned cases it refrains from 
decision making, i.e. it takes the neutral decision. 



 8

VIII.  REFERENCES 
[1] R. Lukomski and K. Wilkosz, "Power System Topology Verification: 

Assessment of Different Approaches,” in Proc. The 4-th International 
Conference on Control of Power Systems. Bratislava, Slovakia, 2000, 
pp. 269-274. 

[2] K. A. Clements, and P. W. Davis, "Detection and identification of 
topology errors in electric power systems," IEEE Trans. Power Systems, 
vol. 3, pp. 1748 - 1753, Nov. 1988. 

[3] F. F. Wu, W. H, E, Liu, "Detection of topology errors by state 
estimation," IEEE Trans Power Systems, vol. 4, pp. 176-183, 1989.  

[4] A. Simoes Costa, J. A. Leao, "Identification of topology errors in power 
system state estimation," IEEE Trans Power Systems, vol. 8, pp. 1531-
1538, Nov. 1993. 

[5] A. P. A. Da Silva, and V. H. Quintana, “Pattern analysis in power 
systems state estimation,” Int. J. Elect. Power and Energy Systems, 
vol. 17, pp. 51–60, 1995. 

[6] K. A. Clements, and A. Simoes Costa, “Topology error identification 
using normalized lagrange multipliers,” IEEE Trans. Power Systems, 
vol. 13, pp. 347–353, May 1998. 

[7] E. M. Lourenco, A. Simoes Costa, K. A. Clements, and R. A. Cernev, 
"A Topology Error Identification Method Directly Based on Collinearity 
Tests," IEEE Trans. Power Systems, vol. 21, pp. 1920-1929, Nov. 2006. 

[8] N. Singh, and H. Glavitsch, “Detection and identification of topological 
errors in on-line power system analysis,” IEEE Trans. Power Systems, 
vol. 6, pp. 324–331, June 1991. 

[9] J. C. S. Souza, A. M. Leite da Silva, A. P. Alves da Silva, “Online 
topology determination and bad data suppression in power system 
operation using artificial neural networks,” IEEE Transactions on Power 
Systems, vol. 13, pp. 796–803, Aug. 1998. 

[10] P. Bonanomi and G. Gramberg, “Power system data validation and state 
calculation by network search technique,” IEEE Trans. Power 
Apparatus and Systems, vol. 102, pp. 238 – 249, Jan. 1993. 

[11] M. H. Vuong, S. Lefebvre, and X. D. Do, “Detection and identification 
of topological errors from real-time measurements reconciliation,” in 
Proc. 2002 IEEE Power Engineering Society Winter Meeting, pp. 228 - 
233. 

[12] F. Garcia-Lagos, G. Joya, F. J. Marin, and F. Sandoval, “A modular 
power system topology assessment based on Gaussian potential 
functions,” IEE Proceedings on Generation, Transmission and 
Distribution, vol. 150, pp. 635-640, Sept. 2003. 

[13] D. Singh, J. P. Pandey, and D. S. Chauhan, "Topology Identification, 
Bad Data Processing, and State Estimation Using Fuzzy Pattern 
Matching," IEEE Trans. on Power Systems, vol. 20, pp. 1570-1579, 
Aug. 2005. 

[14] S. Lefebvre, and J. Prévost, Topology error detection and identification 
in network analysis," International Journal of Electrical Power and 
Energy Systems, vol. 28, pp. 293-305, June, 2006. 

[15] R. Lukomski and K. Wilkosz, "Method for Power System Topology 
Verification with use of Radial Basis Function Networks," LNCS, vol. 
4507, Berlin/Heidelberg, Springer-Verlag, 2007, pp 862—869. 

[16] R. Lukomski, "New Approach to Power System Topology Verification," 
in Proc. The International Conference on Modern Electric Power 
Systems, Wroclaw, Poland, 2002, pp. 517-521. 

IX.  BIOGRAPHIES 

Dr Robert Lukomski was born in Ostrow Wielkopolski, Poland, in 1974. He 
received the M. Sc. degree in Electronic Engineering 
from Wroclaw University of Technology in 1999. He 
joined the Electric Power System Group in Institute 
of Electrical Power Engineering (Wroclaw University 
of Technology). He received the Ph.D. degree in 
2002. His special fields of interest include modeling 
of power systems, especially real time modeling of 
power systems.  

 
 

Prof. Kazimierz Wilkosz received the M. Sc. degree in Engineering 
Cybernetics form Wroclaw University of Technology (Poland) in 1976. He 
joined the Electric Power System Group in Institute of Electrical Power 
Engineering (Wroclaw University of Technology). In 1979 he received the 

Ph.D. degree, and in 1991 D.Sc. degree in Electrical 
Engineering from Wroclaw University of 
Technology.  

At present, he is Associate Professor. He is a 
member of Power System Group of Polish Academy 
of Sciences, CIGRE, etc. His special areas of interest 
being at the same time of teaching and research are 
power system analysis and computer systems in 
power engineering. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /CMB10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /CMBX10
    /CMBX12
    /CMBX5
    /CMBX6
    /CMBX7
    /CMBX8
    /CMBX9
    /CMBXSL10
    /CMBXTI10
    /CMCSC10
    /CMCSC8
    /CMCSC9
    /CMDUNH10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /CMFF10
    /CMFI10
    /CMFIB8
    /CMINCH
    /CMITT10
    /CMMI10
    /CMMI12
    /CMMI5
    /CMMI6
    /CMMI7
    /CMMI8
    /CMMI9
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /CMR10
    /CMR12
    /CMR17
    /CMR5
    /CMR6
    /CMR7
    /CMR8
    /CMR9
    /CMSL10
    /CMSL12
    /CMSL8
    /CMSL9
    /CMSLTT10
    /CMSS10
    /CMSS12
    /CMSS17
    /CMSS8
    /CMSS9
    /CMSSBX10
    /CMSSDC10
    /CMSSI10
    /CMSSI12
    /CMSSI17
    /CMSSI8
    /CMSSI9
    /CMSSQ8
    /CMSSQI8
    /CMSY10
    /CMSY5
    /CMSY6
    /CMSY7
    /CMSY8
    /CMSY9
    /CMTCSC10
    /CMTEX10
    /CMTEX8
    /CMTEX9
    /CMTI10
    /CMTI12
    /CMTI7
    /CMTI8
    /CMTI9
    /CMTT10
    /CMTT12
    /CMTT8
    /CMTT9
    /CMU10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EuroSig
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

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

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


