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Abstract 
Due to the increasing load requisition and the productiveness 
of the available transmission size. Therefore the present 
power systems are abundantly loaded as opposed to the olden 
days. Hence, these situations are leading the power system to 
be operated proximately towards the steady-state stability 
limit (SSSL). Thus, the intension of this paper is to contribute 
to the evaluation on SSSL in IEEE 9-bus test system based on 
REI-Dimo technique. REI network will be resulted from the 
REI-Dimo technique and the results manifested that the test 
system is implemented with the REI-Dimo technique to 
reduce the network size and to evaluate the SSSL index. 

1 Introduction 
Present-day, transmission networks in each country are 
designed to preserve dynamic power transfers that can be 
diverse from those for which they were scheduled by the 
power generation operators. This is due to the energy 
management throughout multi-area systems possibly resulted 
in parallel flows, superabundant network loadings and 
inadequate bus voltages. Subject to these circumstances, such 
deteriorate conditions literary lead to power system 
instability. Whenever instability took place in the power 
system, remedial action must be carried out or else blackout 
will be associated [1]. 
 
Standard transfer capability concepts such as Total Transfer 
Capability (TTC), Available Transfer Capability (ATC) and 
Transmission Reliability Margin (TRM) are being recognized 
by the power industries. However, real-time stability checks 
are not possible with these techniques due to the lengthy 
period of identifying the precondition of every particular state 
forecasting solution [2]. 
 

Corresponding to the summary stated by the North American 
Electric Reliability Corporation (NERC) [3], the TTC is 
stated in (1), 
 

{ }  ,   Limit,   TTC Min Thermal Limit Voltage Stability Limit=  (1) 
 
As specified by the NERC, the thermal limit and voltage limit 
can be determined offline. According to the policy of NERC, 
reliability coordinators are requested to determine the stability 
limits for present and the next following day operational 
activities. The policy is intended for forecasting the total 
loading in the transmission either below or beyond the 
operating reliability limit. For online identifying voltage and 
thermal interruption are very simple because stability limits 
must be specified, quantified and calculated in distinct 
proposition. Numerous advanced stability assessment 
programs are commonly accessible to resolve either provided 
the condition in the power system is stable or unstable. 
However, those assessment programs are yet have not been 
effective in instantly produce the capability to recognize, 
quantify and conceptualize the stability limits. 
 
Complicated computational algorithms have been accelerated 
and clarified by the initiation of the Radial, Equivalent and 
Independent (REI) equivalent technique. For instant, exact 
clarification of steady-state stability issue is forecasted 
accordingly to the complete machine model and requires a 
secondary order of eigenvalues and load flow computation up 
until the instability takes place [4]. For worsen load flow 
cases, eigenvalues determination are computational rigorous 
and higher possible for the load flow may not intersect during 
the instability occurred [5]. An equivalent accompanied with 
suitable and simplified notion must be implemented in order 
to resolve those obstacles and therefore an equivalent named 
REI-Dimo has been introduced and being implemented in the 
smart grid system. Hence, real time load ability limits in the 
power system can be determined and the distance towards 
instability can be supervised as well [6, 7]. 
 
Numerous techniques have been introduced in the previous 
literatures related to steady-state stability. Despite that, these 
methods necessitated huge computational times and also not 
structured well for real time stability evaluation. In order to 
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conduct real time stability evaluation by preserving the 
precision and accuracy for detecting the point of collapse in 
the system and also contribute guidance for the power system 
operators to perform remedial actions before voltage collapse 
taken part, there is a need for a technique to perform fast 
computational speed. 
 
Hence, this paper is intended to conduct steady-state stability 
limit study in IEEE 9-bus test case by implementing the REI-
Dimo’s methodology. The maximum power transfer in the 
power system can be resolved by utilizing the steady-state 
stability limit-monitoring index. 
 
The remaining of this paper is structured as following. 
Extensive background for this paper is outlined in section 2. 
While, the implemented methodology for this work will be 
presented in section 3. Section 4 will mainly consist of the 
achieved results and analysis as well. Last but not least, 
section 5 will include the conclusion for this paper. 

2 Extensive Background 

2.1 Exploration of the Stability Limit 

Due to the substitution for shunt reactors and static capacitors, 
therefore the stable states are reoriented. In addition, line 
outages, the transformer tap changes, generator trips and load 
variations, alter the distance towards instability. The 
occurrence of stability limits is not fixed quantities because 
the stability will substitute accordingly to the utilization of the 
overall active power in the grid system, network and also the 
bus voltage profile. 
 
On top of that, instability evolves rapidly and limited the 
reacting time. Therefore indices that quantify the range 
towards instability are particularly needed. Those techniques 
must be composed with the ability to continuously computing 
every single fundamental index for every latest system 
condition either for load flow or state estimation.

2.2 Transient and Voltage Stability Constrains 

In the aforementioned past two decades, industries started 
strongly emphasized on voltage stability and transient 
stability. Conditions of transient stability are mainly detected 
by the transient stability indices [8]. However, transient 
stability indices have several drawbacks. In determining the 
stability condition in the system, transient stability indices 
required huge computational times. Moreover, large 
disturbance cases must be taken into account when 
performing transient stability indices and therefore this even 
caused additional computing burden [9]. 
 
The capability to transfer maximum active power into a 
particular load bus before the voltage collapse happened and 
therefore this term can be described as voltage stability [10]. 
In power system stability, the load stability’s term also can be 
recognized as voltage stability. Moreover, stability for voltage 
also can be reflected in the power system’s ability to ensure 

balanced voltages at every single bus after being exposed to a 
disruption as compared to the initial condition. In other 
words, the capability to preserve or reinstate balancing for the 
load requirement and load distribution in power system also 
can be manifested as voltage stability [11, 12]. The complete 
load buses in the system must be reiterated and this procedure 
is called bus oriented calculations. This procedure consumed 
burdensome calculation when dealing with the larger system 
to establish extensive power system. 

2.3 Steady-State Stability Initiation (SSSL) 

The steady-state power system working point is always 
located at steady-state balanced condition and hence this is 
known as the stability for steady state. However, when 
unpredictable minor modification in different orientation and 
operating quantities will lead the power system towards 
instability [13]. Steady-state instability can be originated from 
out of synchronism in units, self-amplifying small signal 
oscillations that resulted to instability and voltage collapse 
[14]. 
 
The SSSL offers a promising perspective. Firstly, SSSL index 
is quantifiable. Secondly, SSSL index does coincide with an 
operating boundary. Whenever any slight modification in the 
operating amounts and the occurrence of mismatched 
orientation. Therefore the operating states will immediately 
be under the SSSL. Another benefit for SSSL is the easiness. 
SSSL can be resolved based on the overall active power 
utilization in the transmission. 

3 Implemented Methodology 
The methods that will be imposed in this paper are being 
summarized according to the process sequence as illustrated 
in Figure 1. 
 

 
 
Figure 1: Process sequence based on Dimo’s approach [15]. 
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3.1 Short-Circuit Currents Transformation 

Short-circuit currents transformation is implemented as part 
of the process in order to transform an extremely complicated 
power system network into a much simpler network which is 
a short-circuit admittances that linked series with a nodal 
point. REI network can be achieved when the short-circuit 
admittances is obtained. This transformation will allow the 
recognition of generators from the nodal point. ZPBN that 
illustrated in Figure 2 is utilized to connect the REI network 
with all the generators together with fictitious load center or 
short-circuit admittances [15]. 
 

 
 
Figure 2: Zero power balance network (ZPBN). 

3.2 Zero Power Balance Network (ZPBN)

ZPBN or known as REI-Dimo equivalence is introduced by 
Paul Dimo and illustration details for the ZPBN has been 
stated beforehand in Figure 2. Fictitious single-load center 
can be calculated by aggregating the entire loads in the 
system by implementing ZPBN. The advantage of utilizing 
ZPBN is that the characteristics and the stability of the base 
case are in a position to maintain [16]. 

3.3 Reactive Power Steady-State Stability Criterion 

The radial characteristic of the REI network where the 
generators are attached to a central node has successfully 
converged the regulation of the reactive power steady-state 
stability foundation (voltage stability). Dimo constructed the 
equation based on a network that consists of fictitious or 
realistic load bus connected radially with 1...., ,....i G  
generators, synchronous condensers and DC or AC ties 
through admittances 

1...., ,....i GY Y Y  [15]. Hence, the 
equation is provided as in (2). 
 

2( )
cos

m m
m load

m mm

d Q V
dV

Y E Y Y= +  (2) 

 
Where: 

mE  is the internal voltage of the machine (assumed to remain 
constant, unaffected by small adjustments made under steady-
state stability conditions) 

m
 is the internal angle of the machine with reference to the 

voltage, V on the load bus (either fictitious or actual) 

V  is the voltage in the load center 

loadY  is the load center admittance 

 
The steady-state stability criterion must always maintain 

according to the SSSL index, 0dQ
dV

< . Therefore, the stability 

of the power system is qualified to sustain inside the stability 
limit region. 

3.4 Power System Test Case

Test cases according to the IEEE standards have been widely 
implemented by the researchers. These test cases are based on 
the actual data according to the IEEE standard power system 
test system configuration. Hence, the test case that has been 
selected for this paper is known as IEEE 9-bus test case. 
 
A total of 3-machines and 9-bus system has been represented 
by the IEEE 9-bus test case and this test case is actually a part 
of the Western System Coordinating Council (WSCC). In this 
test case, there are three generators, three loads and nine 
buses [17, 18]. The connection layout for the IEEE 9-bus test 
case has been encapsulated in Figure 3. 
 

 
Figure 3: IEEE 9-bus test network [17, 18]. 

4 Results and Analysis 
The particular details for the IEEE 9-bus test case such as 
generation, load and bus voltage information are provided in 
Table I. The details for these information are achieved by 
performing base case load flow analysis by utilizing the 
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power flow solution based on Newton-Raphson method in 
Matlab 2015. The total generated active and reactive power is 
319.64MW and 22.84MVAr subsequently. In the meanwhile, 

the total load consumption for active and reactive power is 
315.00MW and 115.00MVAr. 

 
Bus 
No. 

Gen 
(MW) 

Gen 
(MVAr) 

Load 
(MW) 

Load 
(MVAr) 

V 
(p.u.) 

Angle 
(degree) 

1 71.641 28.000 0.000 0.000 1.040 0.000
2 163.000 5.000 0.000 0.000 1.025 9.280 
3 85.000 -11.000 0.000 0.000 1.025 4.665 
4 0.000 0.000 0.000 0.000 1.026 -2.217 
5 0.000 0.000 125.000 50.000 0.996 -3.989 
6 0.000 0.000 90.000 30.000 1.013 -3.687 
7 0.000 0.000 0.000 0.000 1.026 3.720 
8 0.000 0.000 100.000 35.000 1.016 0.728 
9 0.000 0.000 0.000 0.000 1.032 1.967 

 
Table 1: Base case generation, load and bus voltage data for IEEE 9-bus test case. 
 
The initial 9-bus test network is being expanded with the 
internal nodes for each unit of the generator. The generators 
are located at Bus 1, Bus 2 and Bus 3. Besides that, the loads 
at Bus 5, Bus 6 and Bus 8 are being substituted with 
linearizing impedances. After that, Bus 5, Bus 6 and Bus 8 are 
being connected to the intermediate ground, 100031 as 
illustrated in Fig. 3. The impedances that linearize by Bus 5, 

Bus 6 and Bus 8 are converted to passive buses and then 
linked between buses 5-100031, 6-100031 and 8-100031. 
Finally, intermediate ground, 100031 is connected to the 
equivalent load center, 100011. At this end, the total loads at 
Bus 5, Bus 6 and Bus 8 are equivalences in order to achieve a 
single total system load. 

 

 
 
Figure 4: IEEE 9-bus network extended with the internal nodes of the generators and the zero power balance network. 
 
Once after the IEEE 9-bus network is being transformed into 
zero power balance network (ZPBN). Hence this network is 
assumed to be a lossless network. This lossless network is 
formed by branches of 5-100031, 6-100031, 8-100031 and 

100031-100011. Line data for the extended IEEE 9-bus test 
case network are encapsulated in Table 2. 
 

 
From Bus To Bus R (p.u.) X (p.u.) Ycap/2 

(p.u.) 
1 100101 0.0000 0.0608 0.0000 

2 100102 0.0000 0.1198 0.0000 

3 100103 0.0000 0.1813 0.0000 
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From Bus To Bus R (p.u.) X (p.u.) Ycap/2

(p.u.) 
4 5 0.0100 0.0850 0.0880 

4 6 0.0170 0.0920 0.0790 

5 7 0.0320 0.1610 0.1530 

6 9 0.0390 0.1700 0.1790 

7 8 0.0085 0.0720 0.0745 

8 9 0.0119 0.1008 0.1045 

4 100101 0.0000 0.0576 0.0000 

7 100102 0.0000 0.0625 0.0000 

9 100103 0.0000 0.0586 0.0000 

5 100031 0.6836 0.2735 0.0000 

6 100031 1.0255 0.3418 0.0000 

8 100031 0.9194 0.3218 0.0000 

100011 100031 -0.2841 -0.1037 0.0000 

 
Table 2: Line data for the extended IEEE 9-bus test case network. 
 
Posterior to the development of the extended 9-bus from the 

base case condition with 315MW and the calculated dQ
dV

 

stability criterion proven that the initial state of the system is 
in stable condition with the value of -28.2249. In order to 
evaluate the case weakening condition stressed the system 
with the load increment until the system becomes unstable. 
The case worsening strategy from the base case value of 
315MW to the maximum load of 529.211MW before the 
system experienced instability condition and therefore the 
results are being plotted as a PV curve as encapsulated in 

Figure 5. The final value for the calculated dQ
dV

 is -4.5615 

and this showed that the dQ
dV

 stability criterion is approaching 

0. According to the stability criterion theory, whenever the 

condition is fulfilled with 0dQ
dV

<  then the system is 

experiencing the maximum load ability and the occurrence of 
instability. SSSL indices for IEEE 9-bus test system from 
base case condition to stress condition are being represented 
in the graph as showed in Figure 6.
 

 

 
 
Figure 5: P-V curve for the base case condition towards stressed condition by using REI-Dimo approach. 
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Figure 6: SSSL index for base case condition towards stressed condition for IEEE 9-bus test system. 
 
The Y-matrix of nodal admittances after applied short-circuit 
current transformation and the REI network are shown in 
Figure 7 and Figure 8 subsequently. 
 

 
Figure 7: Y-matrix after Gaussian elimination. 
 

 
 
Figure 8: The resulting REI network for the IEEE 9-bus test 
case system. 

5 Conclusion 
In the nutshell, the steady-state stability assessment method 
motivated by Paul Dimo is able to resolve the stability index 

rapidly. Besides that, this method also being reviewed as very 
reliable in determining the distance of a transmission network 
from a condition where the voltage instability might happen 
first and soon accompanied by voltage collapse. Whenever 
voltage collapse happens, the units in the network may 
experience loss of synchronization. Numerous theoretical 
aspects in determining the SSSL index have been implemented 
and the results are being proven in details. A significant 

conclusion related to the 
dQ
dV

 steady state stability criterion 

can be made. 
dQ
dV

 stability criterion can be implemented as 

an indicator in order to determine the stability or instability 
condition in the power system network. 

Acknowledgements 
The authors would like to thank the Ministry of Science, 
Technology and Innovation, Malaysia (MOSTI), and the 
Office for Research, Innovation, Commercialization, 
Consultancy Management (ORICC), Universiti Tun Hussein 
Onn Malaysia (UTHM) for financially supporting this 
research under the eScienceFund grant No. S023 and IGSP 
Vot. U242. 

References 
[1] Goh, H.H., et al. Line voltage stability indices based on 

precautionary measure approximation in smart grid. in 
Proceedings of the 11th International Conference of 
Innovation and Management (ICIM). 2014. Vassa, 
Finland. 

[2] Savulescu, S.C. Overview of key stability concepts 
applied for real-time operations. in Power Systems 
Conference and Exposition, 2009. PSCE'09. IEEE/PES. 
2009. IEEE. 



7 

[3] NERC, Available transfer capability definitions and 
determination, in North American Electric Reliability 
Council. 1996. 

[4] Gunadin, I.C., Determination of Steady State Stability 
Margin Using Extreme Learning Machine. WSEAS 
Transactions on Power Systems, 2012. 7(3): p. 91-103. 

[5] Anderson, P.M. and A.A. Fouad, Power system control 
and stability. 2008: John Wiley & Sons. 

[6] Haque, M., A fast method for determining the voltage 
stability limit of a power system. Electric power systems 
research, 1995. 32(1): p. 35-43. 

[7] Savulescu, S.C., SOLVING OPEN ACCESS 
TRANSMISSION AND SECURITY ANALYSIS 
PROBLEMS WITH THE SHORT-CIRCUIT CURRENTS 
METHOD. 2002. 

[8] Kundur, P., Introduction to Techniques for Power 
System Stability Search, A special publication of the 
Power System Dynamic Performance Committee of the 
IEEE PES. 1999, TP-138-0. 

[9] Löf, P., G. Andersson, and D. Hill, Voltage stability 
indices for stressed power systems. Power Systems, 
IEEE Transactions on, 1993. 8(1): p. 326-335. 

[10] Vournas, C., P. Sauer, and M. Pai, Relationships 
between voltage and angle stability of power systems. 
International Journal of Electrical Power & Energy 
Systems, 1996. 18(8): p. 493-500. 

[11] Kundur, P., N.J. Balu, and M.G. Lauby, Power system 
stability and control. Vol. 7. 1994: McGraw-hill New 
York. 

[12] Kundur, P., et al., Definition and classification of power 
system stability IEEE/CIGRE joint task force on stability 
terms and definitions. Power Systems, IEEE 
Transactions on, 2004. 19(3): p. 1387-1401. 

[13] Navarro-Perez, R. and R. Prada. Voltage collapse or 
steady-state stability limit. in Proceedings of the 
International Seminar on Bulk Power System Voltage 
Phenomena II. 1993. 

[14] Lee, C.-Y., S.-H. Tsai, and Y.-K. Wu, A new approach 
to the assessment of steady-state voltage stability 
margins using the P–Q–V curve. International Journal of 
Electrical Power & Energy Systems, 2010. 32(10): p. 
1091-1098. 

[15] Savulescu, S.C., Real-time stability assessment in 
modern power system control centers. Vol. 42. 2009: 
John Wiley & Sons. 

[16] Wu, F. and N. Narasimhamurthi. Necessary conditions 
for REI reduction to be exact. in IEEE TRANSACTIONS 
ON POWER APPARATUS AND SYSTEMS. 1979. IEEE-
INST ELECTRICAL ELECTRONICS ENGINEERS 
INC 345 E 47TH ST, NEW YORK, NY 10017-2394. 

[17] Teng, H., et al. IEEE9 buses system simulation and 
modeling in PSCAD. in Power and Energy Engineering 
Conference (APPEEC), 2010 Asia-Pacific. 2010. IEEE. 

[18] Zimmerman, R.D., C.E. Murillo-Sánchez, and D. Gan, 
MATPOWER: A MATLAB power system simulation 
package. Manual, Power Systems Engineering Research 
Center, Ithaca NY, 1997. 1. 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


