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Abstract – When two adjacent AC systems operate at different frequency such as 50Hz and 60Hz, as 
in the case of ROK and Russia, the only way to practically obtain the advantages of power system in-
terconnection is to use HVDC connection. In this paper, application of the VSC-HVDC transmission 
for power system interconnection between Russia and ROK is evaluated through the PSCAD/EMTDC 
modeling and analysis. The simulation results show the feasibility of proposed system for cross border 
power system interconnection. 
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1. Introduction 
 

The power system of ROK is like an island after having 
been isolated from the DPRK network in 1945 and therefore, 
there has never been any effort to connect it to power systems 
of neighboring countries.  

Instead, all efforts have been focused on developing gener-
ating resources and enhancing the network in order to supply 
the power demand and to support the booming economy of 
the Republic of Korea during the last three decades. However, 
the Korean power industry has been confronted with many 
difficulties and will continue to be confronted in such a way 
in the future. Among the many reasons why the industry has 
faced such difficulties, the most important are as follows. 
Firstly, ROK is very poor in natural resources and must im-
port 97.4% of the total primary energy domestically con-
sumed. Secondly, ROK is a very small country and 70% of 
its territory is covered with mountains. Furthermore, due to 
military and political tension between ROK and DPRK until 
recently, there were many limitations to developing generat-
ing resources and expanding the network for supplying the 
heavy load in the northern part near Seoul. In this situation, 
one of the best ways to overcome such difficulties in supply-
ing reliable power seems to be cross-border system intercon-
nection. Especially, power system interconnection in the 
NEA (Near East Asia) region, so called NEAREST (Near 
East Asian Region Electrical System Tie), is under significant 
scrutiny recently [1-4]. When two adjacent AC systems oper-
ate at different frequency such as 50Hz and 60Hz, as in the 
case of ROK and Russia, the only way to practically obtain 
the advantages of power system interconnection is to use 
HVDC connection. HVDC system is the technology to inter-

connect two independent systems and actively control power 
transfer between two systems. HVDC system makes up of 
control, power conversion, and power system design tech-
nology. Usually, HVDC system can be analyzed by two dif-
ferent analysis methods. One is PSS/E and the other is 
PSCAD/EMTDC. PSS/E is to carry out the analysis in the 
viewpoint of the whole power system through power flow in 
steady states. PSCAD/EMTDC is a good analysis program to 
investigate transient and dynamic characteristic of HVDC 
system. In PSCAD/EMTDC analysis, system analysis tech-
nique of conventional CSC (Current Source Converter)-
HVDC system has already reached the very high level [5]. 
Given the experiences gained by introducing Hae-Nam and 
Che-Ju HVDC system, system analysis method is well estab-
lished in ROK. However, the newly rising system, VSC 
(Voltage Source Converter)-HVDC has no example of intro-
duction in the country like in the cases of low level technol-
ogy and experience of PSCAD/EMTDC analysis.  

Therefore, in this paper, we developed PSCAD/EMTDC 
model for Russia-ROK power system interconnection, which 
applied VSC-HVDC to lay the foundation for PSCAD/ 
EMTDC modeling and analysis technology, and we also 
investigated dynamic characteristics of VSC-HVDC system 
under various operating conditions to verify this model. 
 
 

2. Configuration of the VSC-HVDC System 
 
HVDC was developed from technologies used in industrial 

drive systems. In order to obtain ideas on how HVDC can be 
developed, it is important to follow what is happening in that 
area. In industrial drives, the PCC (Phase Commutated Con-
verter) technology that is presently used in HVDC has now 
almost totally been replaced by VSC technology. The funda-
mental difference between these two technologies is that 
VSC requires additional components that can switch off the 
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current, and not only turn it on as is the case with the PCC. 
As in a VSC, the current can be switched off, and there is no 
need for a network to commutate against it. In HVDC-
applications it could also be of interest to use VSC technol-
ogy in order to supply “dead” networks, which are areas that 
lack rotating machines, or “weak” power systems that have 
excessively low short circuit power [6-8].  

 
In this paper, therefore, the VSC-HVDC system is applied 

to interconnect between Russia and ROK as shown in Fig. 1. 
Additional details are as follows: 

 
 ±500kV two-terminal VSC-HVDC system is applied 

and consists of a bipole system, which means that the 
power divides into two DC transmission lines respec-
tively. 

 
 Interconnection bus voltage is set to 1.0pu and receives 

the reactive power from capacitor banks and the con-
verter itself. Each terminal has capacitor banks for filter-
ing the high frequency noise, which is 10% of the con-
verter rating.  
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Fig. 1. Concept diagram of Russia-ROK power system 
interconnection 
 
 

3. Steady-state Characteristics of VSC-HVDC 
Transmission 

 
For the VSC shown in Fig. 2, assume that the fundamental 

phase of the voltage on the AC bus is Vac, the fundamental 
phase of the voltage on the converter side of the VSC is Vvsc. 
The angle between Vac and Vvsc is δ. The reactance of the 
transformer is X. 

 

 
Fig. 2. Equivalent circuit between ac system and converter. 

Ignoring the resistance of the transformer, the magnitude 
of the real and reactive power flowing over the VSC respec-
tively are: 
 

δsin×=
X

VV
P acvsc                (1) 

ac
acvsc V

X
VV

Q ×
−

=
δcos              (2) 

 
From (1), the magnitude of real power flowing over the 

VSC is determined primarily by δ. The direction is deter-
mined by the relative position between Vac and Vvsc. 

When Vvsc lags behind Vac, the VSC functions as a recti-
fier and absorbs real power from the AC system. When Vvsc 
takes the leading position, the VSC works as inverter and 
dispatches real power to AC system. Thus, by adjusting δ, 
control over the amount of real power delivered via the VSC 
can be achieved. Normally, per unit value of X is in the range 
from 0.1pu to 0.3pu, and δ is relatively small.  

Hence, from (2), it is desirable to control Q by Vvsc. The 
direction is decided by the relative magnitude between Vvsc 
and Vac as shown in Fig. 3 [9]. 
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Fig. 3. Active and reactive power flow in according to magni-

tude and phase of converter output voltage. 
 

 
4. PSCAD/EMTDC Modeling and Analysis 

 

4.1 VSC-HVDC Transmission System 
 
In Fig. 4 represents the EMTDC equivalent model of the 

Russia-ROK power system interconnection. 
VSC-HVDC system is bipolar system, which consists of 

equivalent 3 phase voltage sources, DC lines, transformers, 
two 6-pulse converters which play the role of Rectifier or 
Inverter. 

 
a) AC Power System   
Both AC systems are represented by 3-phase voltage 

source, which is described as equivalent voltage and equiva-
lent impedance. Therefore, we can reflect the characteristics 
of AC system that will be connected with HVDC system by 
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properly inputting parameters like equivalent impedance, 
voltage magnitude, phase and frequency.   

 
b) Converter  
In this study, we used 2 level, 6 pulse converters and con-

structed bipolar system with two of them. Each converter is 
made up of 6 IGBT, diode and snubber circuit.   

 
c) DC Transmission Line  
Provided that DC transmission line is an overhead trans-

mission line, we use an overhead transmission line model in 
EMTDC library.   

 
d) Transformer  
In this study, 3-phase Y-Δ transformer is used as the con-

verter transformer and saturation of transformer is not con-
sidered. 
 

4.2 Generating the Firing Pulse [10] 
 
PWM technique requires mixing the carrier signal with the 

fundamental frequency signal defining AC wave shape.  
In this example, a sine wave is used to make it simplest 

signal to apply. Therefore, the PWM carrier signal is com-
pared with the sine wave signal and both turn-on and turn-off 
pulses are generated for interpolated switching.   

 
a) Carrier Signal Generation  
Fig. 5 shows the EMTDC model for generating carrier 

signal. In this figure, phase locked oscillator synchronized to 
three phase AC system volts, one ramp output synchronized 
to phase A, ramping between 0o and 360o  over one cycle of 
the fundamental frequency. The phase A 0o ∼ 360o ramp is 
converted to PWM frequency, then to triangular signal be-
tween -1 and +1, and finally allocated to each valve for both 
interpolated switching turn-on and turn-off. The carrier signal 
generation process is as follows:  

i) Increases PLL ramp slope to the level required by carrier 
frequency.  

ii) Restrains ramps between 0o and 360o at carrier frequency.  
iii) Converts carrier ramps to carrier signals.  
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Fig. 5. Generating carrier signal model. 

 
b) Sine Wave Signal Generation  
Fig. 6 shows an EMTDC model for generating sine wave 

signal. As in the carrier signal generation, phase locked oscil-
lator synchronized to three phase AC system volts. But, out-
put are six ramps, 60o apart, ramping between 0o and 360o 
over one cycle of the fundamental frequency. The input ramp 
array signals from the PLL are phase-shifted 30o as well as by 
control input signal "sh_ref". The ramps are converted to sine 
waves and their magnitudes are controlled by "m_ref" input 
signal.  
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Fig. 6. Generating sine wave signal model. 
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Fig. 4. PSCAD/EMTDC equivalent power system model 
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c) Firing Pulses Generation Module  
Carrier signal and sine waves are compared and at cross-

over points, and generate turn-on and turn-off pulses for each 
IGBT valve. Fig. 7 presents an EMTDC module for generat-
ing firing pulses of IGBT valve.  
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Fig. 7. Generating firing pulses of IGBT valve module. 

 

4.3 VSC Transmission Control Strategy [11] 
 
There is advantage to use pulse width modulation at VSC 

converters that have two parameters to be independently con-
trolled.  The parameters are the magnitude and the phase of 
the AC voltage generated on the VSC side of the interfacing 
reactor or transformer to the AC system. One successful con-
trol strategy for VSC transmission when located in system 
with AC voltage at each terminal is proposed by controlling 
the VSC side AC voltage at each converter as follows :  

 
At the one VSC (rectifier) with PWM:  

○ DC link voltage is controlled by phase shift control  
○ AC system voltage is controlled by magnitude control  

 
At the other VSC (inverter) with PWM:  

○ DC link power is controlled by phase shift control  
○ AC system voltage is controlled by magnitude control  

 
a) Rectifier Control  

① Control of DC Link Voltage  
DC link voltage of VSC can be maintained by controlling 

charge on the large capacitors located on each side of the 
VSC. At rectifier, power flow into or out of the converter can 
be regulated to keep DC link voltage constant on the capaci-
tors. A simple PI controller can control power flow by adjust-
ing the phase shift angle "sh_rec_ref". The controller output 
"sh_rec_ref" signal is delivered to the sine wave generation 
part of rectifier. DC link voltage controller is shown in Fig. 8.  

 

 
Fig. 8. DC link voltage controller at rectifier. 

② Control of AC Voltage  
A simple PI controller can be applied to regulated AC side 

voltages. The output of the PI controller adjusts the 
"m_rec_ref" signal to achieve its controlling function. The 
"m_rec_ref" signal is also delivered to the sine wave genera-
tion part of the rectifier with the signal "sh_rec_ref".  

 

 
Fig. 9. AC voltage controller at rectifier. 

 
b) Inverter Control  

① Control of Power Flow in DC Line  
The "sh_rec_ref" phase shift signal is used to control DC 

link voltage by controlling power into or out of the rectifier.  
Another available "sh_inv_ref" signal at inverter can be 

applied to control power flow into or out of the AC system.  
A simple PI controller also can control power flow by ad-

justing phase shift angle "sh_inv_ref". The controller output 
"sh_inv_ref" signal is delivered to the sine wave generation 
part of the inverter. Active power controller is shown in Fig. 10.  

 

 
Fig. 10. Active power controller at inverter. 

 
② Control of AC Voltage  

Controlling AC voltages at the inverter is just like control-
ling at the rectifier. Therefore, the simple PI controller also 
can be applied to regulate the AC side voltage. The 
"m_inv_ref" signal is also delivered to the sine wave genera-
tion part with the signal "sh_inv_ref".  
 
 

5. Simulation Results  
 
We evaluate dynamic characteristics of VSC-HVDC sys-

tem under various operating conditions such as AC power 
system fault as well as steady state, changing DC power flow, 
and AC voltage. In Table 1, Case 1 is initial stage of VSC-
HVDC system, which Russia supply power of 
0.5pu(500MW) to ROK. Fig. 11 shows the results of simula-
tion such as DC link voltage, power flow in DC line, and AC 
voltages. The rectifier at Russia side starts at 0.3sec and then 
the inverter at ROK also starts at 0.6sec as shown in Fig. 
11(a). The VSC-HVDC system reaches to the steady state at 
1.8sec after the transient state. In the steady state, DC link 
voltage 500kV(1.0pu) and AC voltages are 1.0pu (220kV at 
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Russia, 345kV at ROK). In Case 2, commands of power flow 
in DC line and AC voltage of ROK bus changes from 0.5pu 
and 1.0pu to 0.8pu and 1.1pu at 0.5sec. Fig. 12 shows the 
results of the simulation in which the power flow in DC line 
and AC voltage of ROK bus reaches to the steady state at 0.9 
sec after the transient state for 0.4sec. DC link voltage and 
AC voltage are changed a little during the transient state, but 
they reach the steady state shortly after the transient state as 
shown in Fig. 12(b)-12(d). Case 3 and 4 analyze the dynamic 
characteristics of VSC-HVDC system when a fault occurs at 
the both AC power systems.  
In this study, we simulated that the magnitude of equivalent 

voltage source dropped for 0.1sec when fault occurs, mean-
ing that AC voltage dropped due to the AC system fault. Fig. 
13 and Fig. 14 represent power flow in DC transmission line, 
both AC bus voltage and DC link voltage when equivalent 
voltage drops due to the fault at the parts of Russia and ROK. 
As the fault is removed within 0.1sec, AC bus voltage returns 
to steady state passing through transient state like DC trans-
mission power and DC link voltage. 

 
Table 1. Operating condition of simulation cases. 

Case Operating conditions 

Case 1 Power from Russia to ROK: 0.5pu 
AC voltage of Russia and ROK: 1.0pu 

Case 2 
Power from Russia to ROK: 0.5pu→0.8pu 
AC voltage of ROK: 1.0pu→1.1pu 

Case 3 Fault in Russia AC System 
(Magnitude of voltage source 0.6pu) 

Case 4 Fault in ROK AC System 
(Magnitude of voltage source 0.6pu) 

 

 
6. Conclusion 

 
As every country has different system frequency, HVDC 

system is the ultimate choice for NEAREST. For example, 
Russia and China have frequency of 50Hz but South and 
North Koreas have 60Hz. So, it is impossible to apply the 
synchronous interconnection. HVDC system suits well to 
interconnect two or more systems with different system fre-
quency and long distance transmission lines. The conven-
tional HVDC system has applied CSC technology but the 
application has limits due to its structural problems like 
commutation failures. Besides, it is very difficult to apply 
HVDC system to the isolated power system with no genera-
tor and to weak power system with small SCR of AC system. 
Thanks to the rapid development of power electronic devices 
such as GTO and IGBT, VSC-HVDC is quite attracting the 
attention recently. VSC-HVDC has several advantages like 
independent control of active/reactive power and power sup-
ply to passive AC networks such as load on an island.  In the 
PSCAD/EMTDC analysis field, system analysis method of 
conventional CSC-HVDC system has already reached the 

 
(a) Power flow in DC line (MW) 

 

 
(b) AC voltage at Russia (pu) 

 

 
(c) AC voltage at ROK (pu) 

 

 
(d) DC link voltage (kV) 

 
Fig. 11. Results of Case 1. 

 
very high level and has mostly been established. However, 
there is no example of VSC-HVDC system introduction in the 
country yet and, in particular, the country lacks experience 
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(a) Power flow in DC line (MW) 

 

 
(b) AC voltage at Russia (pu) 

 

 
(c) AC voltage at ROK (pu) 

 

 
(d) DC link voltage (kV) 

 
Fig. 12. Results of Case 2. 

 
and advanced technology in EMTDC analysis.  In this paper, 
we developed the EMTDC model of the Russia-ROK power 
system interconnection to which we applied VSC- 

 
(a) Power flow in DC line (MW) 

 

 
(b) AC voltage at Russia (pu) 

 

 
(c) AC voltage at ROK (pu) 

 

 
(d) DC link voltage (kV) 

 
Fig. 13. Results of Case 3. 

 
HVDC and evaluated dynamic its characteristics under various 
operating conditions to verify this model. 
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(a) Power flow in DC line (MW) 

 

 
(b) AC voltage at Russia (pu) 

 

 
(c) AC voltage at ROK (pu) 

 

 
(d) DC link voltage (kV) 

 
Fig. 14. Results of Case 4. 

 
 

References 
 

[1] KERI, “Planning for pre-feasibility study on power 
system interconnection in Northeast Asia”, 2002. 5. 

[2] J.Y.Yoon, H.Y. Kim, D.W. Park., presentation at 
UNESCAP-SOM "Perspectives for inter-country power 
exchange in North-East Asia", 2003. 4. 

[3] IEEE PES GM, “Korean Activities for the Northeast 
Asia System interconnection”, J.Y.Yoon, H.Y. Kim, 
D.W. Park, 2003. 7  

[4] Gamolya N.D., Filatova A.D. “Interstate Electric Ties in 
the Far East of Russia”, Presented at UN ESCAP Meet-
ing in Vladivostok, April 7-10, Russia, 2003. 

[5] R. Jotten, J.P.Bowles, G.Liss, C.J.B. Martin, and E. 
Rumpf, “Control in HVDC Systems, The State of the 
Art, Part I: Two Terminal Systems”, CIGRE Paper 14-
10, 1978. 

[6] Gunnar Asplund, Kjell Eriksson, Kjell Svensson, “DC 
Transmission based on Voltage Source Converter”, 
CIGRE SC14 Colloquium, 1997. 

[7] J. VanCoevering, J.P.Stovall, etc, “The Next Genertaion 
of HVDC-Needed R&D, Equipment Costs, and Cost 
Comparisons”, PTI Advance Course Notes, 1996. 

[8] Grunbaum R, Halvarsson B, Wilk-Wilczynski A, Facts 
and HVDC Light for Power system Interconnections”, 
Power Delivery Conference, Madrid, Spain, 1999. 

[9] B. R. Andersen, L. Xu, P.J. Horton and P. Cartwright, 
“Topologies for VSC Transmission”, Journal of Power 
Engineering, June, 2002. 

[10] Electranix corporation, “Advanced Modeling of HVDC/ 
FACTS Systems and Controls with PSCAD”, 2003. 

[11] Behzard Qahraman, Ebrahim Rahimi, and Aniruddha M. 
Gole, “An Electromagnetic Transient Simulation Model 
for Voltage Sourced Converter Based HVDC Transmis-
sion”, CCECE, Niagara falls, May, 2004.  

 
 
 
 
 
 
 
 
 
 
 
 

Jong-yul Kim has been with the Ko-
rea Electrotechnology Research Insti-
tute (KERI) as a Research Engineer 
since 2001. He received his B.S. and 
M.S. degrees in Electrical Engineering 
from Pusan National University. His 
research interests are the power sys-
tem analysis including power conver-

sion devices and AI applications to power system. 
 



42          PSCAD/EMTDC Modeling/Analysis of VSC-HVDC Transmission for Cross Border Power System Interconnection 
 
  

Jae-young Yoon is with the Korea 
Electrotechnology Research Institute 
(KERI). He received his B.Sc., M.Sc. 
and Ph.D degrees in Electrical Engi-
neering from Busan National Univer-
sity. He currently manages a research 
project, application of HTS-equipment 
and also plays a key role in the re-

search project related to the Northeast Asia Power System 
Interconnection, which includes North Korea.  
 

Ho-yong Kim has been with the Korea 
Electrotechnology Research Institute 
(KERI) as a Principle Research Engi-
neer since 1986. He received his B.S. 
degree from Seoul National University, 
Korea in 1979 and his M.S. and Ph.D. 
degrees from the University of Texas 
at Austin, USA in 1982 and 1985, re-

spectively. His main research areas are distribution auto-
mation, AI applications to power systems and Power Sys-
tem Interconnection. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /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 false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AgencyFB-Bold
    /AgencyFB-Reg
    /Albertus-ExtraBold
    /Albertus-Medium
    /AlbertusMT
    /AlbertusMT-Italic
    /AlbertusMT-Light
    /Algerian
    /AmiR-HM
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Medium
    /BaskOldFace
    /Batang
    /BatangChe
    /BatangOldHangulJamo
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BlackadderITC-Regular
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolFive
    /BookshelfSymbolFour
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolSix
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /BradleyHandITC
    /BritannicBold
    /Broadway
    /BrushScript
    /BrushScriptBT-Regular
    /BrushScriptMT
    /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
    /Castellar
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CharisSIL
    /CharisSIL-Bold
    /CharisSIL-BoldItalic
    /CharisSIL-Italic
    /Chiller-Regular
    /Clarendon
    /Clarendon-Bold
    /Clarendon-Light
    /CliperSKana
    /Cmsy10
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Consolekana
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CooperBlack-Italic
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Copperplate-ThirtyTwoBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /Crayon
    /CurlzMT
    /DanzinRegular
    /DFKMincho-Bd-WIN-KSC-H
    /Dinbla
    /Dinbol
    /DinerRegular
    /DingDongBold
    /Dinlig
    /Dinmed
    /Dinreg
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /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
    /Eurostile
    /Eurostile-Bold
    /Eurostile-BoldExtendedTwo
    /Eurostile-ExtendedTwo
    /ExpoM-HM
    /FelixTitlingMT
    /FencesPlain
    /Flora-Bold
    /Flora-BoldEx
    /Flora-BoldHo
    /Flora-BoldWd
    /Floralies
    /Flora-Normal
    /FootlightMTLight
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreestyleScript-Regular
    /FrenchScriptMT
    /FZSY--SURROGATE-0
    /Gaeul
    /Garamond
    /Garamond-Antiqua
    /Garamond-Bold
    /Garamond-Halbfett
    /Garamond-Italic
    /Garamond-Kursiv
    /Garamond-KursivHalbfett
    /GaramondNo4CyrTCY-Medi
    /GauFontShirousagi
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldCondensed
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-ExtraBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Goudy
    /Goudy-Bold
    /Goudy-BoldItalic
    /Goudy-ExtraBold
    /Goudy-Italic
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GTB
    /GTM
    /Gulim
    /GulimChe
    /GulimOldHangulJamo
    /Gungsuh
    /GungsuhChe
    /H2bulL
    /H2gprM
    /H2gsrB
    /H2gtrE
    /H2gtrM
    /H2hdrM
    /H2mjmM
    /H2mjrB
    /H2mjrE
    /H2mjsM
    /H2mjuM
    /H2mkpB
    /H2porL
    /H2porM
    /H2sa1M
    /H2wulE
    /H2wulL
    /HaansoftBatang
    /HaansoftDotum
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HeadG
    /HeadlineR-HM
    /HeadR
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HGMinchoB
    /HGPMinchoB
    /HGSMinchoB
    /HighTowerText-Italic
    /HighTowerText-Reg
    /HoeflerText-Black
    /HoeflerText-BlackItalic
    /HoeflerText-Italic
    /HoeflerText-Ornaments
    /HoeflerText-Regular
    /HYbdaL
    /HYbdaM
    /HYbsrB
    /HYcysM
    /HYdnkB
    /HYdnkM
    /HYgprM
    /HYgsrB
    /HYgtrE
    /HYhaeseo
    /HYHeadLine-Bold
    /HyhwpEQ
    /HYkanB
    /HYkanM
    /HYKHeadLine-Bold
    /HYmjrE
    /HYmprL
    /HYMyeongJo-Medium
    /HYnamB
    /HYnamL
    /HYnamM
    /HYPop-Medium
    /HYporM
    /HYRGoThic-Medium
    /HYsanB
    /HYsnrL
    /HYsupB
    /HYsupM
    /HYSymbolE
    /HYtbrB
    /HYwulB
    /HYwulM
    /HYYeasoL-Bold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /JasmineUPC
    /JasmineUPC-Bold
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /KirillicaWincyr
    /KristenITC-Regular
    /KunstlerScript
    /KyunKo
    /KyunMyung
    /Latha
    /LatinWide
    /LCDReg
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /Love
    /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
    /MagicR-HM
    /Magneto-Bold
    /MaiandraGD-Regular
    /MalgunGothicBold
    /MalgunGothicRegular
    /Mangal-Regular
    /Marigold
    /MaturaMTScriptCapitals
    /MDAlong
    /MDArt
    /MDEasop
    /Mdesb
    /MDGaesung
    /MDSol
    /Mfoxb
    /Mfoxl
    /Mfoxm
    /MicrosoftSansSerif
    /MingLiU
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /MJB
    /MJL
    /MJM
    /Modern-Regular
    /MoeumTR-HM
    /Monaco
    /MonaLisa-Recut
    /MonotypeCorsiva
    /MonotypeSorts
    /Mpaperb
    /Mpaperl
    /Mpaperm
    /Msam10
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSerif
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /Munhem
    /MVBoli
    /Narkisim
    /Nekoyanagi
    /NemoB
    /NemoL
    /NemoM
    /NemoXB
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewGulim
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NSimSun
    /OCRAExtended
    /OCRB10PitchBT-Regular
    /OldEnglishTextMT
    /Onyx
    /OriginalGaramondBT-Roman
    /Oxford
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Parchment-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Pilgi2
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Pristina-Regular
    /PyunjiR-HM
    /QDotum
    /QGulim
    /QGungsuh
    /Raavi
    /RageItalic
    /Ravie
    /Retort
    /RetortOutline
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /SaenaegiXB-HM
    /SAKURAhira
    /San02B
    /San02L
    /San02M
    /San60B
    /San60L
    /San60M
    /San60R
    /San60SB
    /SanBiB
    /SanBiL
    /SanBiM
    /SanBoB
    /SanBoL
    /SanBoM
    /SanBsB
    /SanBsL
    /SanBsU
    /SanCrB
    /SanCrK
    /SanCrL
    /SandArB
    /SandArL
    /SandArM
    /SandArXB
    /SandAtM
    /SandAtXB
    /SandJg
    /SandKg
    /SandKm
    /SandMtB
    /SandMtL
    /SandMtM
    /SandSaB
    /SandSaL
    /SandSaM
    /SandSm
    /SandTg
    /SandTm
    /SanHgB
    /SanHgL
    /SanHgM
    /SanIgM
    /SanKbB
    /SanKbL
    /SanKbM
    /SanKsB
    /SanKsL
    /SanKsM
    /SanMogfilB
    /SanMogfilL
    /SanMogfilM
    /SanMrB
    /SanMrJ
    /SanMrM
    /SanNsB
    /SanNsL
    /SanNsM
    /SanPkB
    /SanPkL
    /SanPkM
    /SanPuB
    /SanPuW
    /SanSrB
    /SanSrL
    /SanSrM
    /SanSwB
    /SanSwL
    /SanSwM
    /ScriptMTBold
    /SegoeMediaCenter-Regular
    /SegoeMediaCenter-Semibold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /SeoulCity
    /SeUtum
    /SFgoJ1-KSCpc-EUC-H
    /SFgoT-KSCpc-EUC-H
    /SgreekMedium
    /Shadow9
    /SHeadG
    /SHeadR
    /ShowcardGothic-Reg
    /Shruti
    /Shusha
    /Shusha02
    /Shusha05
    /SILDoulosIPA
    /SILDoulosIPA93Bold
    /SILDoulosIPA93BoldItalic
    /SILDoulosIPA93Italic
    /SILDoulosIPA93Regular
    /SILManuscriptIPA
    /SILManuscriptIPA93Bold
    /SILManuscriptIPA93BoldItalic
    /SILManuscriptIPA93Italic
    /SILManuscriptIPA93Regular
    /SILSophiaIPA
    /SILSophiaIPA93Bold
    /SILSophiaIPA93BoldItalic
    /SILSophiaIPA93Italic
    /SILSophiaIPA93Regular
    /SimHei
    /SimSun
    /SinGraphic
    /SinMun
    /SnapITC-Regular
    /SohaR-HM
    /Sol
    /SPgoJ1-KSCpc-EUC-H
    /SPgoJ-KSCpc-EUC-H
    /SPgoJS-KSCpc-EUC-H
    /SPgoT-KSCpc-EUC-H
    /SPmuS-KSCpc-EUC-H
    /StempelGaramond-Bold
    /StempelGaramond-BoldItalic
    /StempelGaramond-Italic
    /StempelGaramond-Roman
    /Stencil
    /Sylfaen
    /Symbol
    /SymbolMT
    /TaeKo
    /TaeM
    /TaeUtum
    /Taffy
    /Tahoma
    /Tahoma-Bold
    /TahomaSmallCap-Bold
    /TempusSansITC
    /TeXplusEF
    /TeXplusEF-Bold
    /TeXplusEM
    /TeXplusEM-BoldItalic
    /TeXplusEM-Italic
    /TeXplusEX
    /TeXplusMI
    /TeXplusMI-Bold
    /TeXplusRM
    /TeXplusRM-Bold
    /TeXplusRM-BoldItalic
    /TeXplusRM-Italic
    /TeXplusSA
    /TeXplusSB
    /TeXplusSY
    /TeXplusSY-Bold
    /TeXplusTE
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldTh
    /TimesIPAnew
    /Times-Italic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Tiplo
    /ToodamB
    /ToodamL
    /ToodamM
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /TSTNamr
    /TSTPenC
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /TypewriteB
    /TypewriteL
    /TypewriteM
    /Univers
    /Univers-BlackExt
    /Univers-Black-Normal
    /Univers-BoldExt
    /UniversCondensedLight
    /UniversCondensedOblique
    /Univers-Light-Italic
    /Univers-Light-Light
    /Univers-Light-LightTh
    /Univers-Light-Normal
    /Univers-Medium
    /Univers-Oblique
    /Uri
    /Utum
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WP-CyrillicA
    /WP-GreekCentury
    /WP-MultinationalARoman
    /YDIBirdB
    /YDIBirdL
    /YDIBirdM
    /YDIChungM
    /YDICMjoM
    /YDICstreB
    /YDICstreL
    /YDICstreM
    /YDICstreUL
    /YDIGasiIIB
    /YDIGasiIIL
    /YDIGasiIIM
    /YDIGukB
    /YDIGukL
    /YDIGukM
    /YDIHSalM
    /YDIYGO310
    /YDIYGO330
    /YDIYGO340
    /YDIYGO350
    /YDIYGO360
    /YDIYMjO330
    /YDIYMjO350
    /YDIYMjO360
    /YetR-HM
    /YjBACDOOBold
    /YJBELLAMedium
    /YJBLOCKMedium
    /YJBONMOKGAKMedium
    /YjBUTGOTLight
    /YjCHMSOOTBold
    /YjDOOLGIMedium
    /YjDWMMOOGJOMedium
    /YjGABIBold
    /YjGOTGAEMedium
    /YjINITIALPOSITIVEMedium
    /YJINJANGMedium
    /YjMAEHWASemiBold
    /YjNANCHOMedium
    /YjSHANALLMedium
    /YjSOSELSemiBold
    /YjTEUNTEUNBold
    /YjWADAGMedium
    /ZapfDingbats
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 1200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


