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Abstract—Single-phase-to-ground sub-cycle faults in the 
distribution network can be located using voltage sag. This 
paper illustrates how a sensitivity study of measurement 
imperfections can be used to quantify the impact of sub-cycle 
faults on voltage sag based fault location. Our results suggest 
that there is a complex relationship between factors influencing 
error in fault location because the design of the study covered a 
wide range of conditions. The more complicated, higher order 
interactions have a stronger influence on error than any 
particular input factor alone. 

Index Terms—Fault location, power distribution faults, power 
system faults, power system protection, smart grids. 

I. INTRODUCTION 
Electrical faults in power system must be detected, located, 

and cleared within a short period of time to prevent from the 
possible consequential damages to people, property, and 
environment. Fault detection in power distribution systems is 
performed with the help of data coming from sensors and 
remote terminal units [1]. Fault location plays a critical role in 
facilitating the quick repair by the maintenance personnel and 
restoration of faulted area [2], [3] and finally the fault clearing 
process which is accomplished with the reliable circuit 
breakers being called to operate via a protection device [4], 
[5].  

Fault location is crucial to restoration and outage 
management of power systems. The accuracy of fault location 
therefore directly impacts the reliability of utility services. A 
wide variety of research efforts on fault location methods in 
distribution systems has been carried out [6]-[23]. The 
techniques include superimposed components methods [6], 
[7], intelligent system methods [8], [9], impedance based 
methods [10]-[14], traveling wave methods [14]-[16], and 
voltage sag based methods [18]-[21]. Detailed comparison and 
analysis of different fault location methods may be found in 
[22] and [23].  

Relatively common sub-cycle faults, whose observable 
signal change is shorter than one cycle [24]-[26], are not easily 
handled using conventional fault location methods. The IEEE 
Standard C37.114TM Section 6.10 [27] expresses that 
traveling-wave approaches may be the only solutions for 
short-duration faults. Impedance-based approaches require 
that fundamental voltage and current quantities are properly 
measured over at least 0.5 of a cycle and most likely over 
several cycles. In cases when fault clears faster than two 
cycles, impedance-based approaches may not be able to 
discover the existence of sub-cycle faults. 

Our literature review reveals that there are various phasor 
estimation methods based on samples from short time-
windows proposed, including improved DFT method [28], 
recursive wavelet [29], and adaptive signal processing [30], 
[31]. It appears, however, that these methods have not been 
used to improve voltage sag based fault location to cope with 
sub-cycle faults in distribution networks. In [32], authors show 
that the sub-cycle faults (greater than 0.5 cycle) can be located 
accurately with the proposed method when no measurement 
imperfections [33] (e.g. magnitude and phase errors) are 
excluded.  

In this paper, a sensitivity study is presented to quantify 
the effect of measurement imperfections on sub-cycle voltage 
sag based fault location method proposed in [32]. Extensive 
sets of test cases have been used. Our results suggest that there 
is a complex relationship between factors influencing error in 
fault location where different input factors have different 
effects under each order of interaction.  

In Section II, background for implementation of a fault 
location algorithm for sub-cycle faults is described and 
voltage sag based fault location is introduced. In Section III, 
sensitivity analysis for voltage sag fault location is formulated. 
Results are presented and discussed in Section IV, and 
conclusions are provided in Section V.  
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II. IMPLEMENTATION OF FAULT LOCATION ALGORITHM 

A.  Background 
The method of calculating the duration of a sub-cycle-

fault has been discussed in [25], where half-cycle Discrete 
Fourier Transform (DFT) is applied for sub-cycle faults 
between 0.5 and 1 cycle. In this paper, it is assumed that the 
fault type is a single-phase-ground [24]. The method 
described in [25] to identify the fault starting time and the 
faulty phase has been used in [32], where the algorithm 
identifies the fault starting time and fault type using the 
current waveform at the root node. 

For sub-cycle faults shorter than 0.5 cycle, detection of 
fault inception is still possible using the current measured at 
the substation. Our preliminary research reveals that if a 0.5 
cycle window is maintained, where the window “slides“ 
across data, at one point in time the fault waveform will be 
fully contained within the window and phasors may be 
correctly extracted. However, following issues arise: 

1. Voltage sag would be observable only within 0.5 cycle 
delay since the half-cycle DFT is applied, 

2. The extracted voltage sag would not be completely correct 
since the sliding window includes waveform data from 
before the fault. 

Further research is necessary to find phasor extraction 
approaches for events causing fault waveforms to be shorter 
than 0.5 cycles. 

B. Fault Location Algorithm for Sub-Cycle Faults 
The work in [18]-[21] demonstrates that utilizing voltage 

sag may be used to accurately locate faults. As demonstrated 
in [32], since the voltage sag data during sub-cycle fault 
period can be obtained by using the half-cycle DFT method, 
the same method could be applied to obtain the fault location. 
The overall flow chart of proposed method is shown in Fig. 1, 
[32]. The process of voltage sag based FL algorithm is 
summarized as shown in Fig. 2, where the findings in [20] are 
applied so that   
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where )(Vamplitudeε  is the difference between the amplitude of 

calculated and recorded voltage, )(Vphaseε  is the difference 
between the phase of calculated and recorded voltage, 

)(Iphaseε  is the difference between the phase of calculated and 
recorded current at the root node, Δ  is a small number to 
prevent the division by zero, and Flag is used to identify the 
fault node. 
C. Assuptions 
1) Optimal meter placement [21]: The goal of the 

optimization of number of meter is to reduce the cost but 
still cover the fault detection of full network. In this paper, 
meters have been placed on all nodes for testing purposes. 
A generalized procedure may be found in [21]. 

2) Overall characteristic of current-limiting fuses (CLF) [34]: 
While not all characteristics of CLF are taken into account, 
from the literature [18]-[21] the fault may be accurately 
located based on voltage sags. Therefore, if it is assumed 
that the maximum voltage sag is recorded during the CLF 
operation, the fault may be accurately located [34]. 

III. THEORETICAL FORMULATION OF SENSITIVITY ANALYSIS 

 
 

Figure 1. The process of proposed sub-cycle fault location [31]. 



Global variance-based sensitivity analysis may be used to 
analyze variance of output in connection to variance of inputs 
to a model. In other words, it differentiates the uncertainties of 
output which could be caused by a certain set of input 
uncertainties. Detailed literature and formulation have been 
given in [18]. 

Using sensitivity analysis in conjunction with uncertainty 
analysis reveals the dependence of the discrepancy between 
true and estimated fault location while simulating different 
operating scenarios. In our study, the advantages for such an 
approach are listed below [35]: 

1. Testing the robustness of the algorithm, 

2. Obtaining the relationship between inputs and outputs of 
algorithm, and 

3. Understanding how the output uncertainties may be 
reduced by suppressing input uncertainties. 

The sensitivity of a model f(x) is analyzed, which is the 
distance from the root node to the fault location, to input 

factors which may be represented as dx ]1,0[∈ , where each of 
the d input factors has been mapped from  into the interior of 
a d-dimensional hypercube, without loss of generality since 
the input factor space may be bijectively mapped to such a 
hypercube, but incurring the condition that the inputs x are 
independently distributed [35]. 

Then the goal of variance-based sensitivity analysis is to 
distribute responsibility for uncertainty in the output f(x) 
among the model inputs x. The importance, or sensitivity 
index, of an input factor xi ∈{x1, x2, …, xi, …, xd}, is then 
related to the amount of variance in output which can be 
attributed to it. 

In order to perform variance-based sensitivity analysis it is 
necessary to perform the fault location procedure on a large 
number of scenarios defined by input factor value 
combinations, sampled from the joint distribution of input 
factors, and then perform a decomposition of the exhibited 
variance. The decomposition of variance )(2 xfσ  is such that 

∑∑∑
= <=

+++=
d

i ij

d

i

dijixf
1

22

1

22 ...1...)( σσσσ     (3)  

Here if the main effect of a factor xi is denoted on the 
output f(x) as ])|)([(22

ii xxfExi σσ =  then the compound 
effects of two factors xi and xj can be described as  
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The combined effects of more than two input factors 
interacting can be similarly described as demonstrated in 
[36]. More details can be found in [18]. 

IV. RESULTS AND ANALYSIS 
Alternative Transient Program (ATP-EMTP) [37] is 

chosen as the platform for obtaining the phasor information of 
sub-cycle faults in time-domain simulations. The sampling 
frequency is set to be 32 samples per cycle. A 25 kV radial 
distribution network known as the Saskpower network was 
used in this study, and is shown in Fig. 3. Details of network 
components can be found in [10] and [23]. The validation of 
studied fault location is detailed in [32], where the results 
reveal that the single-phase-to-ground sub-cycle fault can be 
located when no measurement imperfections are present.  

To indicate the effects of different measurement 
imperfections on the algorithm, the sensitivity and uncertainty 
analysis will be demonstrated in this section. The labeling 
numbers of each factor considered are shown in Table I. The 
given node names can be found in Fig. 3. There were 1000 
cases simulated at each phase of every node, so there were 
15000 cases in total run in time-domain.  
A. Resutls of Sensitivity Analysis 

Tables II and III present the results of sensitivity analysis, 
where the label numbers representing different Sobol indexes 
are indicated in Table I. Table II shows the results of first to 
fourth order interactions, and Table III shows the results of 
fifth and sixth order interactions. The concluded remarks of 
Tables II and III are illustrated below. 

• Overall, the results indicate that input factors have a 
complex relationship with the accuracy of the algorithm, as 
there is no single factor showing large effect on accuracy 
when cases are averaged.  

• Of the first order factors, the Voltage Phase Error was most 
related to error with average un-normalized Sobol index of 
0.113. 

 
Figure 2. Steps of voltage sag based FL algorithm [19].

 

Figure 3. Saskpower network, Canada [10], [23]. 
 

TABLE I. LABELING NUMBER OF SOBOL INDEX 
 

Sobol Index Label Number 
Voltage Magnitude Error at Meters 1 

Voltage Phase Error at Meters 2 
Current Phase Error at the Root Node 3 

Availability of Voltage Phase Information at Meters 4 
Fault Start Time 5 

Length of Fault Cycle [0.5, 1] 6 



 

TABLE II.     RESULTS OF SENSITIVITY ANALYSIS: FIRST TO FOURTH ORDER INTERACTIONS 
  

Nth Order 
Interaction  

Sobol Index  
Label Number 

Experiments on Each Node 
Average 

L002A L003A L003B L004B L005A L005B L005C L006B L008B 

1st Order 

1 0.0000 0.0000 0.0055 0.0000 0.0000 0.0000 0.0187 0.0000 0.0000 0.0027 
2 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 1.0170 0.0000 0.0000 0.1130 
3 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0187 0.0000 0.0644 0.0092 
4 0.0000 0.0000 0.1823 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0203 
5 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
6 0.0000 0.0000 0.0123 0.0000 0.0000 0.0000 0.0187 0.0000 0.0644 0.0106 

2nd Order 

1, 2 0.0341 0.0000 0.2249 0.0500 0.0000 0.1197 0.0000 0.0331 0.1365 0.0665 
1, 3 0.0000 1.6679 0.0090 0.0694 0.0000 0.1235 0.0000 0.0000 0.0077 0.2086 
1, 4 1.1063 0.0000 0.0000 0.0500 0.0000 0.1209 0.0000 0.0000 0.1925 0.1633 
1, 5 0.0000 0.0000 0.0266 0.0500 0.0000 0.1209 0.0187 0.0000 0.0000 0.0240 
1, 6 0.0341 0.0000 0.0000 0.0500 0.0000 0.3372 0.0000 0.0000 0.0000 0.0468 
2, 3 0.0000 1.3803 0.0926 0.0194 0.0000 0.3309 0.0000 0.0331 0.0084 0.2072 
2, 4 0.1150 0.0000 0.0000 0.0000 0.0000 0.1094 0.0000 0.0000 0.2028 0.0475 
2, 5 0.0341 0.0000 0.0728 0.0000 0.0000 0.1094 0.0000 0.0331 0.0264 0.0307 
2, 6 0.0671 0.0000 0.0000 0.0000 0.0000 0.1094 0.0000 0.0331 0.0644 0.0304 
3, 4 0.0259 0.0000 0.0000 0.0000 0.0000 0.1120 0.0000 0.0000 0.0644 0.0225 
3, 5 0.0000 1.6679 0.1115 0.0194 0.0000 0.1004 0.0187 0.0000 0.0000 0.2131 
3, 6 1.0513 1.6679 0.0407 0.0194 0.0000 0.0951 0.0000 0.0000 0.0000 0.3194 
4, 5 0.0259 0.0000 0.0000 0.0000 0.0000 0.1094 0.0375 0.0000 0.0728 0.0273 
4, 6 0.1078 0.0000 0.0000 0.0000 0.0000 0.1082 0.0000 0.0000 0.0741 0.0322 
5, 6 0.0341 0.0000 0.0000 0.0000 0.0000 0.1329 0.0187 0.0000 0.0000 0.0206 

3rd Order 

1, 2, 3 0.0308 0.0000 0.0000 0.0000 0.0368 0.0000 1.0358 0.0000 0.0000 0.1226 
1, 2, 4 0.0000 1.7638 0.0000 0.0104 1.1283 0.0000 1.0708 0.0381 0.0000 0.4457 
1, 2, 5 0.0121 0.0000 0.8728 0.0000 0.2503 0.0000 0.9959 0.0000 0.0000 0.2368 
1, 2, 6 0.0000 1.4762 0.0000 0.0000 3.5101 0.0000 1.0521 0.0000 0.0000 0.6709 
1, 3, 4 0.0000 0.0000 0.1236 0.0000 0.2749 0.0000 0.0024 0.1043 0.0000 0.0561 
1, 3, 5 0.0627 0.0000 0.0000 0.0000 0.2135 0.0000 0.0000 0.0811 0.0000 0.0397 
1, 3, 6 0.0000 0.0000 0.0963 0.0000 0.0614 0.0000 0.0375 0.0381 0.0000 0.0259 
1, 4, 5 0.0000 0.2876 0.3286 0.0000 0.4884 0.0000 0.0000 0.0662 0.0000 0.1301 
1, 4, 6 0.0000 0.4984 0.1580 0.0000 0.2062 0.0000 0.0187 0.0331 0.0000 0.1016 
1, 5, 6 0.0000 0.0000 0.0533 0.0000 0.1522 0.0000 0.0000 0.0381 0.0258 0.0299 
2, 3, 4 0.0000 0.0575 0.0862 0.0715 0.1448 0.0000 1.0170 0.0050 0.6896 0.2302 
2, 3, 5 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.9796 0.0431 0.0000 0.1136 
2, 3, 6 0.0000 4.0370 0.0000 0.0000 0.0000 0.0000 1.0170 0.0000 0.0000 0.5616 
2, 4, 5 0.0000 0.2492 0.1049 0.0708 0.7042 0.0000 0.9796 0.0000 0.0000 0.2343 
2, 4, 6 0.0000 2.7415 0.1927 0.0604 0.4367 0.0000 1.0170 0.0000 0.0000 0.4942 
2, 5, 6 0.0000 2.4922 0.2308 0.0396 0.0368 0.0000 0.9796 0.0000 0.0000 0.4199 
3, 4, 5 0.0000 1.7254 0.0595 0.0000 0.0000 0.0000 0.0000 0.0431 0.0000 0.2031 
3, 4, 6 0.0000 1.9363 0.1693 0.0000 0.0614 0.0000 0.0000 0.0000 0.0000 0.2408 
3, 5, 6 0.0000 0.0000 0.0000 0.4201 0.0614 0.0000 0.0000 0.0811 0.0000 0.0625 
4, 5, 6 0.0000 0.4984 0.2700 0.0604 0.0000 0.0000 0.0000 0.0050 0.0000 0.0926 

4th Order 

1, 2, 3, 4 1.0276 5.0875 0.0438 0.0562 0.0000 0.3334 0.0000 0.0000 0.0000 0.7276 
1, 2, 3, 5 0.0000 2.1088 0.0000 0.1076 0.1472 0.2319 0.0187 0.0000 0.1449 0.3066 
1, 2, 3, 6 0.7883 0.0000 0.1711 0.0971 0.0000 0.4338 0.0000 0.0000 0.1913 0.1868 
1, 2, 4, 5 1.1987 0.0000 0.0000 0.0000 0.0000 0.0734 0.0000 0.0331 0.1893 0.1661 
1, 2, 4, 6 1.1816 0.0000 0.0592 0.0000 0.0000 0.3373 0.0000 0.0662 0.3909 0.2261 
1, 2, 5, 6 0.0523 3.7455 0.0000 0.0208 0.0000 0.3106 0.0000 0.0994 0.2093 0.4931 
1, 3, 4, 5 1.0078 0.0000 0.0000 0.1193 0.0000 0.0643 0.0350 0.0000 0.0000 0.1363 
1, 3, 4, 6 2.0602 1.8405 0.9418 0.1193 0.0000 0.3229 0.0000 0.0000 0.1545 0.6044 
1, 3, 5, 6 0.9418 5.7553 0.0000 0.0000 0.0000 0.2901 0.0000 0.0000 0.1108 0.7887 
1, 4, 5, 6 1.1041 0.0000 0.0000 0.0000 0.0000 0.3595 0.0725 0.0000 0.1848 0.1912 
2, 3, 4, 5 0.1903 0.0000 0.1699 0.0000 0.0000 0.3193 0.0000 0.0000 0.0000 0.0755 
2, 3, 4, 6 0.8438 0.0000 0.0000 0.0000 0.0000 0.2100 0.0000 0.0662 0.0000 0.1245 
2, 3, 5, 6 0.9351 0.0000 0.0000 0.0000 0.6111 0.2273 0.0000 0.0000 0.0908 0.2071 
2, 4, 5, 6 0.2580 0.0000 0.0000 0.0000 0.0000 0.1316 0.0000 0.0563 1.4840 0.2144 
3, 4, 5, 6 1.0551 0.0000 0.0000 0.0000 0.2135 0.1099 0.0912 0.0182 0.1468 0.1816 



• Of the second order interactions, the combination of Current 
Phase Error at Root Node and Length of Fault Cycle has the  
strongest second order effect with an average un-normalized 
Sobol index of 0.3194. 

• Of the third order interactions, the combination of Voltage 
Magnitude Error at Meters, Voltage Phase Error at Meters, 
and Length of Fault Cycle have the strongest influence on 
error with average un-normalized Sobol index of 0.6709. 

• Of the fourth order interactions, the combination of Voltage 
Magnitude Error at Meters, Current Phase Error at the Root 
Node, Availability of Voltage Phase Information at Meters 
and Length of Fault Cycle had the strongest influence with 
average un-normalized Sobol index of 0.7887.  

• Of the fifth order interactions, the combination of Voltage 
Phase Error at Meters, Current Phase error at Root Node, 
Availability of Voltage Phase Information at Meters, Fault 
Start Time and Length of Fault Cycle had the strongest 
influence on error with un-normalized Sobol index of 
1.9146. 

• Taken together the interaction of all the input factors had an 
un-normalized average Sobol index of 0.9828. 

• The more complicated, higher order interactions have a 
stronger influence on error than any particular input factor 
alone. 

• The results from sensitivity analysis also suggest that the 
measurement errors have negative impact on the accuracy 
of studied fault location method. From the preliminary 
experiments, when the errors were very large, the algorithm 
was not able to locate the fault anywhere in the system. 

Table IV presents the results of uncertainty analysis. The 
results show that the mean error is extremely small, showing 
the unbiasedness of the error. The mean absolute error is much 
larger due to many extreme values. Large Kurtosis and 
standard deviation of error reveal a distribution of error with a 
heavy tail, and many extreme values, even though the 95% 
confidence interval indicates no errors. 

The distribution is better described in Fig. 4, which 
represents a log-histogram of the resulting error in absolute 
terms. The histogram reveals that 95.7% of the cases have 
zero error, represented with the peak at 0% error, and many 
extreme values on both sides. 

V. CONCLUSIONS 
This paper has demonstrated the quantification of impact 

of measurement imperfections on voltage sag based fault 
location for sub-cycle faults: 

• Global variance-based sensitivity analysis has been applied 
to analyze the variances of output which are related to the 
variances of inputs under a probabilistic frame.  

• A large number of cases has been applied to obtain the 
results for sensitivity and uncertainty analysis. Results of 
sensitivity analysis show the negative impact of 
measurement imperfections to studied voltage sag based 
fault location algorithm. Results of uncertainty analysis 
suggest that the mean error is extremely small, showing the 
unbiasedness of the error. The mean absolute error is much 
larger due to many extreme values. 

• Because the design of the study covered a wide range of 
conditions, the results suggest that there is a complex 
relationship between factors influencing error in fault 
location. The more complicated, higher order interactions 

TABLE III.     RESULTS OF SENSITIVITY ANALYSIS: FIFTH AND SIXTH ORDER INTERACTIONS 

Nth Order 
Interaction  

Sobol Index  
Label Number 

Experiments on Each Node Average L002A L003A L003B L004B L005A L005B L005C L006B L008B 

5th Order 

1, 2, 3, 4, 5 0.0000 0.0000 0.8071 0.0000 1.2803 0.0000 0.0000 0.1192 0.7089 0.3240 
1, 2, 3, 4, 6 0.0000 0.0000 0.0000 0.0000 4.7413 0.0000 1.0732 0.0199 0.5273 0.7069 
1, 2, 3, 5, 6 0.0000 0.0000 0.9450 0.3993 3.1076 0.0000 0.0000 0.0629 0.0000 0.5016 
1, 2, 4, 5, 6 0.0000 0.7788 1.5792 0.1554 5.1167 0.0000 0.9796 0.0000 0.0000 0.9566 
1, 3, 4, 5, 6 0.0000 3.2935 0.0000 0.3202 0.1448 0.0000 0.0000 0.1242 0.0000 0.4314 
2, 3, 4, 5, 6 0.0000 15.0524 0.1926 0.4562 0.3090 0.0000 0.9608 0.0000 0.2607 1.9146 

6th Order 1, 2, 3, 4, 5, 6 2.9556 0.0000 0.8983 0.6042 0.0000 1.4579 0.9976 0.9271 1.0047 0.9828 
 

 
 

Figure 4. Histogram of errors. 



have a stronger influence on error than any particular input 
factor alone.    

• The measurement errors a have negative impact on the 
accuracy of the studied fault location method. When the 
errors are very large the algorithm may not be able to locate 
the fault anywhere in the network. 

ACKNOWLEDGMENT 

The authors gratefully acknowledge Dr. J. Stoupis, Dr. M. 
Mousavi, Dr. N. Kang, and Dr. X. Feng from the ABB Group 
for their feedback and valuable advices.  

REFERENCES 
[1] M. Kezunovic, et al., "The role of big data in improving power system 

operation and protection," Bulk Power Syst. Dynamics and Control - IX 
Optimization, Security and Control of the Emerging Power Grid 
(IREP), pp. 1-9, Aug. 2013. 

[2] M. Kezunovic, "Smart Fault Location for Smart Grids", IEEE Trans. 
Smart Grid, vol. 2, no. 1, Mar. 2011. 

[3] P.-C. Chen, et al., “The Use Of Big Data For Outage Management In 
Distribution Systems,“ 2014 Int. Conf. on Electricity Distrib. (CIRED) 
Workshop, in press. 

[4] A. A. Razi Kazemi and P. Dehghanian “A Practical Approach on 
Optimal RTU Placement in Power Distribution Systems Incorporating 
Fuzzy Sets Theory,” Int. J.  Electr. Power and Energy Syst., vol. 37, no. 
1, pp. 31-42, May 2012. 

[5] P. Dehghanian, et al., “Critical Component Identification in Reliability 
Centered Asset Management of Distribution Power Systems via Fuzzy 
AHP”, IEEE Syst. J., vol. 6, no. 4, pp. 593-602, Dec. 2012. 

[6] R. K. Aggarwal, et al., ”New concept in fault location for overhead 
distribution systems using superimposed components,” IEE Proc. Gen., 
Trans. and Distrib., vol. 144, no. 3, pp. 309-316, May 1997. 

[7] R. K. Aggarwal, et al., “An interactive approach to fault location on 
overhead distribution lines with load taps,” 6th Int. Conf. on 
Developments in Power Syst. Protection, pp. 184-187, Mar. 1997. 

[8] J. J. Mora, et al., “Fault Location in Power Distribution Systems using 
ANFIS Nets and Current Patterns” IEEE/PES Trans. and Distrib. Conf. 
and Expo., Latin America, 2006. 

[9] J. Mora-Florez, et al., “Fault Location in Power Distribution Systems 
Using A Learning Algorithm for Multivariable Data Analysis,” IEEE 
Trans. Power Del., vol. 22, no. 3, pp. 1715-1721, Jul. 2007. 

[10] D. Novosel, et al., “System for locating faults and estimating fault 
resistance in distribution networks with tapped loads,” US Patent 
5839093, 1998. 

[11] A. A. Girgis, et al., “A Fault Location Technique for Rural Distribution 
Feeders,” IEEE Trans. Ind. Appl., vol. 29, no. 6, pp. 1170-1175, Dec. 
1993. 

[12] K. Srinivasan and A. St-Jacques, “A New Fault Location Algorithm for 
Radial Transmission Lines with Loads,” IEEE Trans. Power Del., vol. 
4, no. 3, pp. 1679-1682, Jul. 2003. 

[13] M. S. Choi, et al., “A New Fault Location Algorithm Using Direct 
Circuit Analysis for Distribution Systems,” IEEE Trans. Power Del., 
vol. 19, no. 1, pp. 35-41, Jan. 2004. 

[14] M. S. Choi, et al., “A Direct Three-Phase Circuit Analysis-Based Fault 
Location for Line-to-Line Fault,” IEEE Trans. Power Del., vol. 22, no. 
4, pp. 2541-2547, Oct. 2007. 

[15] Z. Q. Bo, et al., “Accurate fault location technique for distribution 
system using fault-generated high-frequency transient voltage signals,” 
IEE Proc. Gen., Trans. and Distrib., vol. 146, no. 1, Jan. 1999. 

[16] D. W. P. Thomas, et al., “Fault location in distribution systems based 
on traveling waves,” IEEE Bologna Power Tech Proc., vol. 2, Jun. 
2003. 

[17] H. Nouri, et al., “An accurate fault location technique for distribution 
lines with tapped loads using wavelet transform,” IEEE Porto Power 
Tech Proc., vol. 3, Sep. 2001. 

[18] P.-C. Chen, et al., “Sensitivity Analysis Of Voltage Sag Based Fault 
Location Algorithm,” 18th Power Syst. Computation Conf. (PSCC), 
2014, in press. 

[19] Z. Galijasevic and A. Abur, “Fault Location Using Voltage 
Measurements,” IEEE Trans. Power Del., vol. 17, no. 2, pp 441-445, 
Apr. 2002. 

[20] S. Lotfifard, et al., " Voltage Sag Data Utilization for Distribution Fault 
Location," IEEE Trans. Power Del., vol. 26, no. 2, pp. 1239-1246, Apr. 
2011. 

[21] S. Lotfifard, et al., "A Systematic Approach for Ranking Distribution 
Systems Fault Location Algorithms and Eliminating False Estimates," 
IEEE Trans. Power Del., vol. 28, no. 1, pp. 285-293, Jan. 2013. 

[22] R. H. Diaz and T. M. Lopez, “Fault Location Techniques for Electrical 
Distribution Networks: A Literature Survey,” Proc. European Power 
and Energy Syst., pp.311-318. Jun. 2005. 

[23] J. Mora-Florez, et al., ”Comparison of impedance based fault location 
methods for power distribution systems,” Electr. Power Syst. Res., vol. 
78, no. 4, pp. 657–666, 2008. 

[24] C. J. Kim. and T. O. Bialek, "Sub-cycle ground fault location — 
Formulation and preliminary results," IEEE/PES Power Syst. Conf. and 
Expo. (PSCE),  pp. 1-8, Mar. 2011. 

[25] R. Moghe, et al., "Field investigation and analysis of incipient faults 
leading to a catastrophic failure in an underground distribution feeder," 
IEEE/PES Power Syst. Conf. and Expo. (PSCE), pp. 1-6, Mar. 2009. 

[26] L. A. Kojovic and C. W. Williams Jr., “Sub-cycle detection of incipient 
cable splice faults to prevent cable damage,” Proc. IEEE/PES Summer 
Meeting, vol. 2, pp. 1175–1180, Jul. 2000. 

[27] IEEE Guide for Determining Fault Location on AC Transmission and 
Distribution Lines, IEEE Std C37.114-2004, Jun. 2005. 

[28] J.-Z. Yang and C.-W. Liu, “Complete elimination of DC offset in 
current signals for relaying applications,” IEEE/PES Winter Meeting, 
vol. 3, pp. 1933–1938, Jan. 2000. 

[29] J. Ren and M. Kezunovic, "Real Time Power System Frequency and 
Phasor Estimation Scheme Using Recursive Wavelet Transform," IEEE 
Trans. Power Del., vol. 26, no. 3, pp. 1392-1402, Jul. 2011. 

[30] J. Ren and M. Kezunovic, "An Adaptive Phasor Estimator for Power 
System waveforms Containing Transients," IEEE Trans. Power Del., 
vol. 27, no. 2, pp.735-745, Apr. 2012. 

[31] S. Alam Abbas, "A New Fast Algorithm to Estimate Real-Time 
Phasors Using Adaptive Signal Processing," IEEE Trans. Power Del., 
vol.28, no.2, pp.807-815, Apr. 2013. 

[32] P.-C. Chen, et al., “Locating Sub-Cycle Faults in Distribution Network 
Applying Half-Cycle DFT Method,” IEEE/PES Trans. and Distrib. 
Conf. and Expo., 2014, in press. 

[33] P.-C. Chen, et al., “Uncertainty of Measurement Error in Intelligent 
Electronic Devices”, IEEE/PES General Meeting, 2014, in press.  

[34] A. Petit, G. St-Jean, and G. Fecteau, " Empirical Model of a Current-
Limiting Fuse using EMTP," IEEE Trans. Power Del., vol. 4, no. 1, pp. 
335-341, Jan. 1989. 

[35] R. Zivanovic and H. B. Ooi, “A Systematic Approach for Testing 
Transmission Line Fault-Locating Techniques,” Electricity 2007 Conf., 
The Electric Energy Society of Australia (EESA), Aug. 2007. 

[36] A. Saltelli, et al., “Global Sensitivity Analysis: The Primer,” John 
Wiley & Sons, 2008. 

[37] Alternative Transients Program, ATP-EMTP, 2010. [Online]. 
Available: http://www.emtp.org 

 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /blex
    /blsy
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /Cmb10
    /CMB10
    /Cmbsy10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /Cmbx10
    /CMBX10
    /Cmbx12
    /CMBX12
    /Cmbx5
    /CMBX5
    /Cmbx6
    /CMBX6
    /Cmbx7
    /CMBX7
    /Cmbx8
    /CMBX8
    /Cmbx9
    /CMBX9
    /Cmbxsl10
    /CMBXSL10
    /Cmbxti10
    /CMBXTI10
    /Cmcsc10
    /CMCSC10
    /Cmcsc8
    /CMCSC8
    /Cmcsc9
    /CMCSC9
    /Cmdunh10
    /CMDUNH10
    /Cmex10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /Cmff10
    /CMFF10
    /Cmfi10
    /CMFI10
    /Cmfib8
    /CMFIB8
    /Cminch
    /CMINCH
    /Cmitt10
    /CMITT10
    /Cmmi10
    /CMMI10
    /Cmmi12
    /CMMI12
    /Cmmi5
    /CMMI5
    /Cmmi6
    /CMMI6
    /Cmmi7
    /CMMI7
    /Cmmi8
    /CMMI8
    /Cmmi9
    /CMMI9
    /Cmmib10
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /Cmr10
    /CMR10
    /Cmr12
    /CMR12
    /Cmr17
    /CMR17
    /Cmr5
    /CMR5
    /Cmr6
    /CMR6
    /Cmr7
    /CMR7
    /Cmr8
    /CMR8
    /Cmr9
    /CMR9
    /Cmsl10
    /CMSL10
    /Cmsl12
    /CMSL12
    /Cmsl8
    /CMSL8
    /Cmsl9
    /CMSL9
    /Cmsltt10
    /CMSLTT10
    /Cmss10
    /CMSS10
    /Cmss12
    /CMSS12
    /Cmss17
    /CMSS17
    /Cmss8
    /CMSS8
    /Cmss9
    /CMSS9
    /Cmssbx10
    /CMSSBX10
    /Cmssdc10
    /CMSSDC10
    /Cmssi10
    /CMSSI10
    /Cmssi12
    /CMSSI12
    /Cmssi17
    /CMSSI17
    /Cmssi8
    /CMSSI8
    /Cmssi9
    /CMSSI9
    /Cmssq8
    /CMSSQ8
    /Cmssqi8
    /CMSSQI8
    /Cmsy10
    /CMSY10
    /Cmsy5
    /CMSY5
    /Cmsy6
    /CMSY6
    /Cmsy7
    /CMSY7
    /Cmsy8
    /CMSY8
    /Cmsy9
    /CMSY9
    /Cmtcsc10
    /CMTCSC10
    /Cmtex10
    /CMTEX10
    /Cmtex8
    /CMTEX8
    /Cmtex9
    /CMTEX9
    /Cmti10
    /CMTI10
    /Cmti12
    /CMTI12
    /Cmti7
    /CMTI7
    /Cmti8
    /CMTI8
    /Cmti9
    /CMTI9
    /Cmtt10
    /CMTT10
    /Cmtt12
    /CMTT12
    /Cmtt8
    /CMTT8
    /Cmtt9
    /CMTT9
    /Cmu10
    /CMU10
    /Cmvtt10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Dcb10
    /Dcbx10
    /Dcbxsl10
    /Dcbxti10
    /Dccsc10
    /Dcitt10
    /Dcr10
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EuroSig
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomDGR-Bold
    /NimbusRomDGR-BoldItal
    /NimbusRomDGR-Regu
    /NimbusRomDGR-ReguItal
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

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

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


