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Abstract—In smart grids, the conventional approach of locating
compensation devices based on the forecasted daily load curves is
not realistic as the locations, times and durations of some loads
such as plug-in electric vehicles (PEVs) and smart appliances are
randomly changing during the 24 hour period. This paper
proposes a new approach to improve the performance of
unbalanced multiphase distribution systems consisting of single-,
two- and three-phase networks with PEV charging stations. The
approach is designated to perform online VRI ranking, place
SVCs and single-phase capacitors at the weakest three-phase and
single-phase buses, respectively; and then switch these devices in
and out of the service according to the lowest voltage ranking
index (VRI) values in order to improve voltage profiles and
reduce total system losses. Simulation results are performed and
compared for an unbalanced multiphase 13 node test feeder with
PEV charging stations wusing DIGSILENT PowerFactory
software.
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voltage ranking and weakest bus.

I. INTRODUCTION

Plug-in electric vehicles (PEVs) are expected to become
popular in the near future as alternatives to conventional fuel-
based automobiles in order to reduce the emission to the
environment [1-6]. However with the random charging
behaviors and unpredictable penetration levels of PEVs in the
future residential feeders as well as installation of PEV
charging stations in the distribution networks, voltage drop
issues and voltage stability problems are anticipated in the
future smart grid configurations [1-3, 7]. According to
reference [2], PEV charging stations can affect system voltage
profile, load flow and stability of the smart grid. Therefore,
electric utilities are very interested in investigating the
possible impacts and drawbacks of PEV charging demand on
the distribution networks [4, 8].

Distribution networks are generally well planned for
specific load patterns based on the typical or forecasted daily
load curves [9]. However, it will be hard to forecast load
patterns in the future smart grid configurations due to the
introduction of relatively large PEV loads at the residential
feeders with unpredictable charging rates, locations, times and
durations; as well as the installation of massive PEV charging
stations at the distribution networks. In addition, the high

charging power demand due to the fast charging of PEVs can
affect transformer loading and system bus voltage profiles. A
possible solution is to install compensation devices such as
static Var compensators (SVCs) and capacitor banks at the
charging stations [10].

Identification of weakest buses through the bus ranking
indices will play an important role for the analysis and voltage
stability enhancement of smart grids. The purpose of bus
ranking in smart grid is to determine which nodes are the
weakest buses during the 24 hour period for connecting
compensation devices [11]. Furthermore, it can provide
insights for properly placing and sizing new PEV charging
stations and smart parks. It has been shown that the best
locations for reactive power compensation to improve voltage
stability margin are the weakest single-, two and three-phase
buses [12-13]. In order to obtain the best location of
compensation devices, there are several methods based on
static approaches to identify the weakest buses in balanced
networks. The current bus ranking approaches include modal
analysis [14], sensitivity analysis [15], L index [16-17], V/V,
index [12, 18-19], PV curve [20]. However, the bus ranking
problem becomes very complicated under unbalanced and
multiphase operating conditions. In term of static voltage
stability analysis, all above-mentioned bus ranking indices are
only capable of identifying the weakest buses of balanced
systems and do not apply to unbalanced and multiphase
networks. Therefore, there is much need and high interest to
define a reliable bus voltage ranking index (VRI) for
unbalanced and multiphase networks that may be used for
static and dynamic analyses.

In this paper, symmetrical components are applied to the
conventional bus voltage ranking index V/V, to extend its
application to online identification of the weakest buses of
unbalanced multiphase networks. A new approach is
implemented to improve the voltage profiles and reduce total
losses of the multiphase distribution systems with PEV
charging stations. It consists of placement of SVCs and single-
phase capacitors at the weakest buses and switching these
compensation devices in and out of the service according to
the lowest VRI values. Simulation results for the IEEE
unbalanced multiphase 13 node test feeder [21] are performed
and compared without and with PEV charging stations using
DIgSILENT PowerFactory software [22].



II. IDENTIFICATION OF WEAKEST BUSES FOR PLACEMENT OF
COMPENSATION DEVICES

The approach taken in this study is applying symmetrical
components to the conventional bus VRI to identify the
weakest three-phase and single-phase buses for placement of
SVCs and single-phase shunt capacitors in an hourly basis.
This is done to reduce losses and improve voltage profile of
the unbalanced multiphase distribution networks with PEV
charging stations during the 24 hour period.

The conventional VRI is defined for single-phase and
balanced three-phase networks [12, 18-19]:

VRIconventional _ K _ Vj,base—load
/ V.oV,
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where j is the bus number, Vj’based_load and Vj,no—load are

the bus voltages for the base-load and no-load operating
conditions, respectively.

To extend and generalize the conventional definition of VRI
for unbalanced multiphase networks, symmetrical components
are applied to the three-phase voltages resulting from three-
phase power flow. The index is defined as the ratio of the
positive sequence voltage at base-load to the positive sequence
voltage at the no-load [11]:
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In this paper, Eq. (2) will be used to identify the weakest
single-phase and three-phase buses for the placement of
single-phase shunt capacitor and SVC units, respectively.

III. ONLINE PLACEMENT OF SVC UNITS AND SINGLE-PHASE
SHUNT CAPACITORS TO IMPROVE THE PERFORMANCE OF
MULTIPHASE SYSTEMS WITH PEV CHARGING STATIONS

The installation of PEV charging stations at the distribution
networks and the population of PEV loads at the residential
feeders will deteriorate the performance of smart grid. To
overcome this problem, compensation devices can be installed
at the weakest buses. However, it will be hard to forecast the
load patterns of smart grids due to the unpredictable charging
rates, locations, times and durations of the PEVs. Therefore, a
new online approach based on the algorithm of Fig. 1 is
proposed and implemented in this paper to improve the
voltage profiles and reduce total losses of the multiphase
distribution systems with PEV charging stations. The
approach consists of i) identification of the west buses based
on Eq. 2, ii) placement of SVCs and single-phase capacitors at
the weakest buses, and iii) switching these devices in and out
of the service according to the lowest VRI values.

IV. THE IEEE 13 NODE TEST SYSTEM WITH PEV CHARGING
STATIONS AND COMPENSATION DEVICES

In this paper, the IEEE unbalanced multiphase 13 node test
feeder of Fig. 1 [21] is considered with two 0.2MW and four
0.2MW PEV charging stations connected at buses 634 and
680, respectively. The total PEV peak charging (1.2MW) is

2

about 35% of total load (3.46MW). Two SVC units and one
single-phase shunt capacitor are first installed according to the
lowest VRI values at buses 675, 680 and 611, respectively.
The network has been simulated using the DIgSILENT
PowerFactory software [22]. The system data and parameters
are available in [21]. This unbalanced multiphase 13 node test
feeder consists of three-phase (buses 650, RG60, 632, 634,
634, 671, 692 and 675), two-phase (buses 645, 646 and 684)
and single-phase (buses 611 and 652) sections with overhead
lines, two underground lines (through buses 684, 652 and 692,
675), unbalanced spot loads (Y-PQ, D-PQ, Y-I, D-I, Y-Z, D-
7), distributed loads (Y-PQ) between buses 632 and 671, a
single-phase shunt capacitor (at buses 611), a three-phase
shunt capacitor (at buses 675), and an in-line transformer
(between buses 633 and 634). There is also a three-phase
voltage regulator connected between buses 650 and RG60.

ize p [/ ion of SVC units (Bussvc=0) and single-phase shunt capactors
(Buscap=0)

v

run three-phase power flow, calculate online VRI (Eq. 2), and identify the weakest three-
and single-phase buses during the 24 hours,
set Bi hi -ph bus and Bi w=single-ph bus

v

temporary placement of SVC units at Bussvc and single-phase shunt
capactors at Buscap during the 24 hours

v

Switching SVC Units and capacitors in (and out of) service
according to the lowest VRI values

v
Fig. 1. The proposed algorithm for the online placement of SVC units and
single-phase capacitors in multiphase networks with PEV charging stations.
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Fig. 2. The simulated IEEE unbalanced multiphase 13 node test feeder with
PEV charging stations, SVC units, and a single-phase shunt capacitor [21].

For the dynamic analysis of this paper, the daily P and Q
load curves of Fig. 3(a) are assumed for the linear loads [9].
For the PEV charging stations (at buses 634 and 680), the
daily load curve of Fig. 2(b) with two peaks at 7am and 6pm is
employed [2].
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Fig. 3. Daily load curves associated with Fig. 1; (a) for linear loads [9], (b)
for PEV charging stations [2].

V. SIMULATION RESULTS

Simulations are firstly performed for the IEEE unbalanced
multiphase 13 node test feeder of Fig. 2 [21] without and with
PEV charging stations to investigate their impacts on voltage
profiles and bus voltage ranking indices. Next, Eq. 2 is used to
identify the weakest single- and three-phase buses. Then, the
VRIs are calculated and utilized to place SVC units and
single-phase shunt capacitors at the weakest three- and single-
phase buses, respectively. Finally, the proposed online
algorithm of Fig. 1 is used to switch these compensation
devices in and out of the service on hourly bases according to
the lowest VRI values such that all bus voltage profiles are
improved and total system losses are reduce. Simulation
results are presented for four case studies.

Case 1: No PEV Charging Stations

The index of Eq. 2 is calculated and ranked to locate the
weakest three- and single-phase buses of Fig. 2 without any
PEV charging stations. Figure 4 shows the impact of the
dynamic daily load curves of Figs. 3(a) and (b) on the voltage
profiles of selected nodes (buses 634, 675 and 680).
According to this figure, bus 634 has the lowest voltage
profile. However the three-phase buses during the 24 hours
which have the lowest bus voltage ranking indices are buses
675, 634, and 680. And the single-phase buses which have the
lowest VRI are buses 611 and 652. Therefore, the weakest
three- and single-phase weakest nodes for Case 1 are buses
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675 and 611, respectively. The system active power loss
without PEV charging stations is 0.08761MW.
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Fig. 4. Simulation results for Case 1: the 24 hour voltage profile of buses
634, 675 and 680

Case 2: Four PEV Charging Stations at Bus 680 and Two
PEV Charging Stations at Bus 634

In the multiphase unbalanced system of Fig. 2, four 0.2MW
and two 0.2MW PEV charging stations with the daily load
curves of Figure 2(b) are placed at bus 680 and 634,
respectively. The total peak charging (1.2MW) is about 35%
of total load (3.46MW). Figure 5 shows the impact of these
charging stations on voltage profiles of buses 634, 675 and
680 during the 24 hour period while Table I shows the bus
voltage ranking indices. According to this Table, the locations
of the weakest buses have changed between buses 675 and
680. For example, the weakest three-phase node is changed to
bus 680 at 7-9 a.m. and 6-9 p.m. The system active power loss
with PEV charging stations is increased to 0.26449MW.
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Fig. 5. Simulation results for Case 2: the 24 hour voltage profile of buses 634,
675 and 680.

Case 3: Online Placement of SVC Units for Case 2.

The proposed algorithm of Fig. 1 will be demonstrated by
placing only SVC units (rated at 0.36 MVar and acting as an
unbalanced voltage controllers) at the weakest three-phase
buses, performing online VRI ranking, and then switching



SVCs in and out of the service according to the lowest VRI
values.

Online VRI ranking of the unbalanced multiphase 13 node
test feeder with four PEV charging stations at bus 680 and two
PEV charging stations or bus 634 (Case 2) indicates that the
weakest three-phase bus changes between nodes 675 and 680
over the 24 hour period (Table I). Therefore, two SVC units
which are installed at buses 675 and 680 will be switched on
and off according to the time intervals of Table I.

Figure 6 shows the impact of online placement of two SVC
units on voltage profiles with four PEV charging stations at
bus 680 and two PEV charging stations at bus 634. Compared
to Case 2 (Figure 5), the voltage profiles are improved,
especially at buses 675 and 680. Table II shows the bus
voltage ranking indices after the online placement of SVC
units installed at bus 675 and 680. According to this Table,
the weakest three-phase node (after online SVC placement) is
changed from buses 675 and 680 to bus 634. The system
active power loss for Case 3 is reduced from 0.26449MW to
0.25721MW.
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Fig. 6. Simulation results for Case 3 with online placement of two SVC units:
the 24 hour voltage profile of buses 634, 675 and 680.

Case 4: Online Placement of SVC Units and Single-Phase
Shunt Capacitors for Case 2.

The proposed algorithm of Fig. 1 will be demonstrated by
online placement of both SVC and capacitor banks in the
IEEE unbalanced multiphase 13 node test feeder of Fig. 2.

Online VRI ranking of the unbalanced multiphase 13 node
test feeder with four PEV charging stations at bus 680 and two
PEV charging stations or bus 634 (Case 2) indicates that the
weakest three-phase bus changes between nodes 675 and 680
and the single-phase weakest bus remained at bus 611 over the
24 hour period (Table I). Therefore, two SVC units which are
installed at buses 675 and 680 and a single-phase shunt
capacitors which is installed at buses 611 will be switched on
and off according to the time in Table I. According to Fig. 7,
the voltage profiles at buses 675 and 680 are improved while
the system active power loss is reduced to 0.25135MW.

TABLE 1. CASE 2 - VRI FOR THE MULTIPHASE SYSTEM OF FIG. 1 WITH FOUR
PEV CHARGING STATIONS AT BUS 680 AND TWO PEV CHARGING STATIONS AT

BUS 634.
Weakest
Time | VRI(Eq.2) | VRI(Eq.2) | VRI(Eq.2) bus
[hour] | at Bus 634 at Bus 675 at Bus 680 1p 3p
0:00 0.980186 0.969367 0.969430 611 | 675
1:00 0.931868 0.919640 0.920164 611 | 675
2:00 0.915040 0.903259 0.903690 611 | 675
3:00 0.904979 0.893448 0.893767 611 | 675
4:00 0.892726 0.881386 0.881763 611 | 675
5:00 0.888124 0.876815 0.877107 611 | 675
6:00 0.882623 0.871067 0.871200 611 | 675
7:00 0.861427 0.847999 0.847394 611 | 680
8:00 0.830174 0.813725 0.811798 611 | 680
9:00 0.792331 0.777062 0.776437 611 | 680
10:00 0.774322 0.761940 0.763098 611 | 675
11:00 0.762916 0.751094 0.752668 611 | 675
12:00 0.753490 0.742078 0.743883 611 | 675
13:00 0.752773 0.741401 0.743099 611 | 675
14:00 0.749586 0.738288 0.740013 611 | 675
15:00 0.749811 0.738618 0.740282 611 | 675
16:00 0.752786 0.741394 0.742800 611 | 675
17:00 0.749838 0.736729 0.737238 611 | 675
18:00 0.759273 0.744732 0.743968 611 | 680
19:00 0.760036 0.744424 0.742983 611 | 680
20:00 0.768626 0.754182 0.753168 611 | 680
21:00 0.787815 0.775682 0.775632 611 | 680
22:00 0.803453 0.792100 0.792427 611 | 675
23:00 0.816681 0.805766 0.806365 611 | 675
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TABLE II. CASE 3 VRI VALUES FOR MULTIPHASE SYSTEM OF FIG. 1 (WITH
FOUR AND TWO PEV CHARGING STATIONS AT BUSES 680 AND 634) AFTER
ONLINE PLACEMENT OF TWO SVC UNITS.

TABLE III. CASE 3 VRI VALUES FOR MULTIPHASE SYSTEM OF FIG. 1 (WITH
FOUR AND TWO PEV CHARGING STATIONS AT BUSES 680 AND 634) AFTER
ONLINE PLACEMENT OF TWO SVCS AND SINGLE-PHASE SHUNT CAPACITORS.

Time VRI VRI VRI Weakest
VRI VRI VRI Three-phase bus

Time | (Eq.2) | (Eq.2) | (Eq.2) | weakestbus fhour] | (Eq-2) 4.2 4.2
[Hour] at Bus 634 at Bus 675 at Bus 680 at Bus 634 at Bus 611 at Bus 652 Ip 3»
0:00 0.998229 1.007018 1.003504 634 0:00 0.986850 0.999097 0.963478 652 | 634
1:00 0.901377 0.918712 0.919228 634 1:00 0.920957 0.892312 0.897544 611 | 634
2:00 0.885086 0.902328 0.902751 634 2:00 0.903613 0.876757 0.881371 611 | 634
3:00 0.875946 0.893086 0.893397 634 3:00 0.893516 0.868665 0.8721 611 | 634
4:00 0.864844 0.881851 0.882220 634 4:00 0.881412 0.855862 0.860176 611 | 634
5:00 0.861389 0.878238 0.878524 634 5:00 0.877212 0.853136 0.856258 611 | 634
6:00 0.854892 0.872471 0.872597 634 6:00 0.872021 0.847695 0.850803 611 | 634
7:00 0.823465 0.845201 0.844589 634 7:00 0.851107 0.821948 0.827023 611 | 634
8:00 0.774945 0.80296 0.801047 634 8:00 0.819673 0.793987 0.786257 652 | 634
9:00 0.744331 0.767646 0.767017 634 9:00 0.783230 0.750089 0.749335 652 | 634
10:00 0.744796 0.760438 0.761584 634 10:00 0.766949 0.732645 0.735348 611 | 634
11:00 0.741155 0.755132 0.756705 634 11:00 0.757580 0.714324 0.730644 611 | 634
12:00 0.737111 0.750354 0.752172 634 12:00 0.749144 0.704943 0.722327 611 | 634
13:00 0.739296 0.752539 0.754253 634 13:00 0.749304 0.706723 0.722976 611 | 634
14:00 0.737999 0.751276 0.753022 634 14:00 0.746643 0.703663 0.720302 611 | 634
15:00 0.739474 0.752874 0.754561 634 15:00 0.747265 0.70511 0.721326 611 | 634
16:00 0.741581 0.755811 0.757236 634 16:00 0.750504 0.709711 0.724842 611 | 634
17:00 0.729233 0.747394 0.747900 634 17:00 0.747610 0.706142 0.720258 611 | 634
18:00 0.726917 0.749654 0.748874 634 18:00 0.757021 0.719848 0.729755 611 | 634
19:00 0.718291 0.743732 0.742282 634 19:00 0.756855 0.728041 0.723985 652 | 634
20:00 0.729811 0.752813 0.751791 634 20:00 0.765439 0.739613 0.734274 652 | 634
21:00 0.760041 0.778158 0.778101 634 21:00 0.784607 0.763421 0.756649 652 | 634
22:00 0.781170 0.797583 0.797903 634 22:00 0.799901 0.780322 0.772977 652 | 634
23:00 0.798652 0.813863 0.814459 634 23:00 0.813405 0.785935 0.791883 611 | 634

VI. CONCLUSION

This paper proposes a new approach for the online
placement of SVC units and single-phase capacitors to
improve the performance of unbalanced multiphase smart grid
with PEV charging stations. The approach is demonstrated on

an unbalanced multiphase

13 node test feeder using

DIgSILENT PowerFactory software. Main conclusions are:

Online bus voltage ranking approaches are required in
smart gird systems as the locations of the weakest
buses will change over the 24 hour period and the PEV
charging stations with relatively large power ratings
can have detrimental impacts of smart grid loading,
losses and voltage profiles.

The proposed algorithm of Fig. 1 can be utilized to
perform online VRI ranking, place compensation
devices, and then switch these devices in and out of the
service to improve voltage profiles and reduce losses.
The performance of unbalanced multiphase smart grid
can be improved by switching SVCs and shunt
capacitors at the weakest three-phase and single-phase
buses according to the lowest VRI values.



VII. REFERENCES

S. Deilami, A. S. Masoum, P. S. Moses, and M. A. S. Masoum,

"Voltage profile and THD distortion of residential network with

high penetration of Plug-in Electrical Vehicles," in Proc. IEEE

PES Innovative Smart Grid Technologies Conference Europe

(ISGT), pp. 1-6, 2010.

[2] A.S. Masoum, S. Deilami, P. S. Moses, M. A. S. Masoum, and
A. Abu-Siada, "Smart load management of plug-in electric
vehicles in distribution and residential networks with charging
stations for peak shaving and loss minimisation considering
voltage regulation,” IET Generation, Transmission &
Distribution, vol. 5, pp. 877-888, 2011.

[3] S. Deilami, A. S. Masoum, P. S. Moses, and M. A. S. Masoum,
"Real-Time Coordination of Plug-In Electric Vehicle Charging
in Smart Grids to Minimize Power Losses and Improve Voltage
Profile," IEEE Transactions on Smart Grid, vol.2, no.3, pp.456-
467,2011.

[4] P. Tulpule, V. Marano, S. Yurkovich, and G. Rizzoni, "Energy
economic analysis of PV based charging station at workplace
parking garage," in Proc. IEEE Energytech, pp. 1-6, 2011.

[5] B. Deng and Z. Wang, "Research on Electric-Vehicle Charging
Station Technologies Based on Smart Grid," in Proc. Asia-
Pacific Power and Energy Engineering Conference (APPEEC),
pp. 1-4,2011.

[6] Z. Wang and P. Liu, "Analysis on Storage Power of Electric
Vehicle Charging Station," in Proc. Asia-Pacific Power and
Energy Engineering Conference (APPEEC), pp. 1-4, 2010.

[7] K. J. Makasa and G. K. Venayagamoorthy, "Estimation of
voltage stability index in a power system with Plug-in Electric
Vehicles," in Proc. iREP Symposium Bulk Power System
Dynamics and Control (iREP) - VIII, pp. 1-7, 2010.

[8] P. Mitra and G. K. Venayagamoorthy, "Wide area control for
improving stability of a power system with plug-in electric
vehicles," IET Generation, Transmission & Distribution, vol. 4,
pp. 1151-1163, 2010.

[9] A. Ulinuha, M. A. S. Masoum, and S. Islam, "Hybrid genetic-
fuzzy algorithm for volt/var/total harmonic distortion control of
distribution systems with high penetration of non-linear loads,"
Generation, Transmission & Distribution, IET, vol. 5, pp. 425-
439,2011.

[10] K. Yunus and H.Z. De La Parra, "Distribution grid impact of
Plug-In Electric Vehicles charging at fast charging stations using
stochastic charging model," In Proc. the 2011-14th European
Conference on Power Electronics and Applications (EPE 2011),
pp-1-11, Aug-Sept 2011.

[11] P. Juanuwattanakul and M.A.S.Masoum, "Identification of the
weakest buses in unbalanced multiphase smart grids with Plug-
in Electric Vehicle charging stations," In Proc. IEEE PES
Innovative Smart Grid Technologies Asia (ISGT), pp.1-5, Nov
2011.

[12] A. R. Phadke, S. K. Bansal, and K. R. Niazi, "A comparison of
voltage stability indices for placing shunt FACTS controllers,"
in Proc. First International Conference on Emerging Trends in
Engineering and Technology, ICETET '08., pp. 939-944, 2008.

[13] P. Juanuwattanakul and M.A.S. Masoum, "Voltage stability
enhancement for unbalanced multiphase distribution networks,"
In Proc. IEEE Power Engineering Society General Meeting,
pp-1-6, July 2011.

[14] B. Gao, G. K. Morison, and P. Kundur, "Towards the
development of a systematic approach for voltage stability
assessment of large-scale power systems," IEEE Transactions on
Power Systems, vol. 11, no. 3, 1996, pp. 1314-1324.

[15] M. Hasani and M. Parniani, "Method of combined static and

dynamic analysis of voltage collapse in voltage stability

assessment," in Proc. IEEE/PES Transmission and Distribution

Conference and Exhibition: Asia and Pacific, 2005, pp. 1-6.

—
—
—

[16] A. R. Phadke, S. K. Bansal, and K. R. Niazi, "A comparison of
voltage stability indices for placing shunt FACTS controllers,"
in Proc. Int. Conf. Emerging Trends in Engineering and
Technology, 2008, pp. 939-944.

[17] IEEE/PES Power System Stability Subcommittee. "Voltage
stability assessment: Concepts, practices and tools," IEEE
Catalog Number SP101PSS, August 2002.

[18] IEEE/PES Power System Stability Subcommittee. "Voltage
stability assessment: Concepts, practices and tools," IEEE
Catalog Number SP101PSS, August 2002.

[19] C. Reis and F. P. M. Barbosa, "A comparison of voltage stability
indices," in Proc. IEEE Mediterrancan Electrotechnical
Conference, MELECON, pp. 1007-1010, 2006.

[20] V. Balamourougan, T. S. Sidhu, and M. S. Sachdev, "Technique
for online prediction of voltage collapse," in Proc. IEE
Generation, Transmission and Distribution, 2004, pp. 453-460.

[21] "Radial Test Feeders," IEEE Distribution System Analysis
Subcommittee.

[22] "DIgSILENT PowerFactory Manual," 14.0 ed, 2009.

VIII. BIOGRAPHIES

Parachai Juanuwattanakul (S’10-M’11) received his B.Eng (2™
Class Hons.), M.Eng and Ph.D. degrees in Electrical Engineering
from Mahanakorn University of Technology, Bangkok, Thailand,
Kasetsart University, Bangkok, Thailand and Curtin University,
Perth, WA, Australia in 1994, 1998 and 2012, respectively. His
research interests include voltage stability, smart grid and distributed
generation. Currently, he is a lecturer at the Electrical Engineering
Department, Sripatum University, Bangkok, Thailand and a member
of IEEE.

Mohammad A.S. Masoum (S’88-M’91-SM’05) received his B.S.,
M.S. and Ph.D. degrees in Electrical and Computer Engineering in
1983, 1985, and 1991, respectively, from the University of Colorado,
Boulder, USA. His research interests include optimization, power
quality and stability of power systems/electric machines and
distributed generation. Dr. Masoum is the co-author of “Power
Quality in Power Systems and Electrical Machines” (Elsevier, 2008)
and “Power Conversion of Renewable Energy Systems” (Springer,
2011). Currently, he is an Associate Professor and the discipline
leader for electrical power engineering at the Electrical and Computer
Engineering Department, Curtin University, Perth, Australia and a
senior member of IEEE.

Somayeh Hajforoosh received her B.S. and M.S. degrees in
Electrical and Computer Engineering from Ferdowsi University,
Mashhad, Iran and Islamic Azad University, South Tehran Brach,
Iran, in 2005 and 2010, respectively. Her research interests include
nonlinear and adaptive control, power system modeling, control and
optimization.




<<
  /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 1.7
  /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


