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Abstract — This paper addresses the use of Analog Behav-
ioral Models (ABMs) in an efficient strategy for designing
analog emulation engines for large scale power system com-
putation. Through discussion of historical development of
analog computation in power system analysis and its present
resurgence, we present the need for, and application of
ABMs for model verification and validation prior to full
structural design and implementation. Results of PSpice
simulations of these emulation circuits are also presented
and compared with industrial grade numerical simulations
for validation.
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1 INTRODUCTION

This paper attempts to address an efficient strategy for
designing analog emulation engines for large scale power
system computation through the use of Analog Behav-
ioral Models (ABMs) of PSpice [1]. Analog emulation of
large power systems as compared to the currently in use
numerical/digital approaches will have a clear advantage
in computation time, which is faster and independent of
network size and topology [2]. It must be mentioned that
the ABMs approach may be a first step towards feasible
realization of an analog emulation engine built of real
analog components and devices. It does not serve as a
substitute for neither the components nor the building
blocks.

Emulation can be described as an act of a physical
system imitating a real system. Emulation in this paper
therefore, is the representation of physical characteristics
of a real life object (power system) using an electric cir-
cuit equivalent. The representation relationship could be
mathematical, scaled, or both. The circuit equivalent
representation has within it, the model of a real system, as
well as a method of its solution. The speed of computa-
tion is as quick as the response of the circuit itself; which
could be real-time, faster or slower than real-time de-
pending on the parameters setting. The solution is con-
tinuous in time and amplitude.

Simulation on the other hand is an attempt to predict/
replicate aspects of the behavior of a real system by creat-
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ing an approximate (mathematical) model of it. This is
done by computer modeling; by writing a special-purpose
computer program. The program is composed of equa-
tions that describe the functional relationships within the
real system. When the program is run, the resulting
mathematical dynamics form an analog of the behavior of
the real system, with the results presented in the form of
data.
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Figure 1: Analog and ABM Sine Shaper

The need to emulate/simulate large and complex
mixed-signal systems has prompted the development of
high-level circuit representation for analog components;
ABMs serve this purpose. In this paper, ABMs are used
to make flexible descriptions of electronic components or
complex building block in terms of transfer function or
lookup tables. In order words, a mathematical relation-
ship is used to model a circuit segment, so one will not
need to design the segment component by component.
Figure 1 shows a sine shaper which is a device that out-
puts sine value of its input signal. The left side of Figure
1 is a modified Gilbert sine shaper [3] built component by
component using analog devices, and the right side of
Figure 1 is an ABM sine shaper [1]. The only similarity
between the two is that they both take the same input
signal and produce the same output. The interior of a
behavioral model however, is different in that it is im-
plemented in terms of algebraic or differential equations
rather than physical analog components. In order words,
in a behavioral model, the focus is on the input/output
relationship of the block. The fundamental advantage of
the behavioral modeling technique in top-down designs is
that the simulation can provide fast prediction of system
performance. The approach helps to select proper archi-
tectures for circuit implementation and analyze tradeoffs
at the early design stages. The transistor-level simulation
(bottom-up design) comparatively can be very tedious
and cumbersome especially for mixed-signal chips con-
taining a large number of analog components. Under such
circumstances, behavioral models enable designers to
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verify the complex system efficiently and result in fast
system evaluation prior to embarking on full structural
design and implementation. In this paper, ABMs are used
as building blocks to develop software simulation of an
analog emulation engine that computes the states and
behaviors of a power system. Analysis is limited to load
flow only.

This paper is presented in the following manner. In
the next section, a brief historical background of power
system computation using analog, the currently-in-use
digital/numeric counterpart, and the resurgence of analog
emulators will be presented. Section 3 will present meth-
odology of power system core computation using ABMs.
Discussions on tested sample cases, PSpice simulation
results and results from currently in-use industrial-grade
numerical simulators for the purpose of comparison and
validation, will be given in Section 4. Finally, the paper is
summarized in Section 5.

2 BACKGROUND

Simulation and/or emulation are indispensable when
dealing with large-scale power systems. They make it
possible to do essential assessment in power system dis-
patch, operation, security and stability. Different simula-
tion/emulation tools today are built for different applica-
tions like transient stability analysis, fault analysis, power
flow studies, operational planning, etc. The history of
power system techniques of simulation or emulation dates
back to the start of last century. Krause et al [4] give a
good review of the subject as do McLaren et al [5]. The
building of these simulators/emulators has been based
either on analog, digital or combination of analog and
digital implementations as shown in Figure 2. Analog
emulation consists of building a scaled-down model of a
real power system. This may include using analog de-
vices that represent equations characterizing distinct
relationships within the power system. Digital simulation
consists of developing digital computer programs that
solve network mathematical equations through numerical
methods. These simulators/emulators have their advan-
tages and disadvantages or short comings in their mode
of operation, functionality, efficiency and accuracy.
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Figure 2: Time Line of Hardware Technology

Technology has naturally been an important factor in
the development of power system computation tools. The

first emulators were analog. Analog computing devices,
instruments, and machines have been widely in use since
ancient times. Analog computation has gone through
transitions such as mechanical, electromechanical, elec-
trical, and electronic developments as depicted in Figure
2. Electrical analog emulation techniques were predomi-
nant from 1920 to 1950. The earlier analog computers
were special or fixed purpose, and then general-purpose.
The special-purpose analog emulator technique forms the
basis of both the Power System Transient Network Ana-
lyzer (TNA) and the High Voltage Direct Current
(HVDC) analog emulator [6]. Their implementations
allow for real-time or faster than real-time emulation
however, there were serious limitations on the reconfigu-
ration and size of the system that can be emulated. This is
because of their special purpose built nature and the tech-
nology of devices used. Other disadvantages of this im-
plementation include, but are not limited to complexity,
accuracy and cost of maintenance of the emulator. Gen-
eral-purpose electronic analog computers on the other
hand could be used for a variety of applications. By alter-
ing the arrangements of interconnections between the
computing elements, they could be set up, or pro-
grammed to solve many different problems [7]. Its disad-
vantages which include size and accuracy were influ-
enced more by the technology of the time. Figure 3 de-
picts structural comparison between old and proposed

technologies of analog emulation engine for power sys-
tem computation.
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Figure 3: Comparison of Old and Proposed Technology

In the late fifties began the application of digital com-
puters to solving power system problems. Due to higher
precision, flexibility and ease of simulating larger sys-
tems, digital simulators began to replace analog emula-
tors. However, one of the most significant disadvantages
of software based simulators relates to the speed at which
they operate. They are limited by the “clock rate,”’- the
number of steps that can be executed in a second. For
example, present clock rates though fast, do not allow for
real-time computation of large-scale power systems.
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Consequently, digital simulations are severely limited in
time-critical applications like on-line monitoring and
control.

Following the advent of the digital computer emerged
the hybrid computer. Hybrid computers combined the fast
computation features of analog with the logic and accu-
racy of digital computers. This technique greatly en-
hanced the efficiency of once-pure-analog emulators such
as power system transient network analyzer (TNA) [8].
However, the size of hybrid TNA emulator depends
largely on the work required of it. That is, the larger the
real power system network to be emulated, the larger the
emulator.

There are extensive and ever continuing efforts to im-
prove and expand the capabilities and applications of
digital (numerical) simulators; to achieve the goal of real-
time. Some of the efforts include: (i) fast decoupled
power flows; (ii) sparse matrix computation techniques to
reduce the elements to be computed as zero elements take
time and spaces; (iii) parallel processing using multiple
high speed CPU’s; (iv) LU decomposition to help avoid
inversion of large matrices that proves cumbersome and
time consuming [9]. But the clock rate still limits the
effects of the enhancements. More so, Newton-Raphson
method which is the most widely used method for solving
simultaneous nonlinear algebraic equations in power
systems is sequential. It uses a successive approximation
procedure based on an initial estimate of the unknown
and the use of Taylor’s series expansion.
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Figure 4: Developmental Stages of an Analog Emulator

There has been recent advancement in the areas of
microelectronics and VLSI technology that allows hun-
dreds of thousands to millions of active components
(most often transistors) to be placed on a chip on the
order of 100 mm” in area and 0.5 mm thick [10]. Ana-
log technology is now a viable candidate for implement-
ing power system emulator. Other examples of applica-
tion of analog implementation are in domains such as
neural modeling, visual processing, and associative
memories [10]. The goal of making real-time computa-
tion a reality may well require a rebirth of technology that
many consider obsolete in this era of digital computer —
analog computers (emulators). Therefore the focus of this
paper is the feasibility exploration of design of analog

emulation engine for power systems computation using
ABMs. Figure 4 gives a pictorial summary of develop-
mental stages to the goal - implementation of analog
emulator on a VLSI chip. The methodology of implemen-
tation of power system core computation is discussed
next.

3 METHODOLOGY OF CORE
COMPUTATIONS USING ABMs

Analog Behavioral Models (ABMs) of PSpice are
used to build a scaled-down model of a real power sys-
tem. This may include using ABMs that represent equa-
tions characterizing distinct relationships within the
power system. The approach is only for the purpose of
design feasibility studies. The main advantage is that it
gives a clearer picture of the end goal, design layouts and
intricacies of circuit connections.

2
P H d°6
P S5 =P-R©) (D=0)
f, dt
Th -unit swi ti
e per-unit swing equation 5 > Generator
F,
|E|£5
* E
P =Re{E+I"}
P, - mechanical input power L.
P, - electrical output power I Transmlssmn
5 - power angle (el. radians) 1 — Y * V Lines
- per unit inertia constant
- electrical frequency _ %
- internal gen. voltage P= Re(V *[ ) . V
7 - bus volt:
Coument O=Im(V+1I") Load

- element of Ybus
S, - constant power load

SL Z})L+jQL

Figure 5: Block Diagram of Core Computation Methodology
of an Analog Emulator

Power system core computation methodology imple-
mented in the design of analog emulation goes through
three major steps. These steps are illustrated in Figure 5.
The assumptions made and detail processes are discussed
in [11] and [2], respectively.

Step 1: Calculating complex voltage out of generator

The generator block solves the swing equation (dy-
namic) with resulting power angle, 6 . The power angle
combines with desired voltage magnitude to give a com-
plex voltage out of a generator.

Step 1I: Calculating currents in the network

The nodal and generator induced voltages interact
with transmission line impedance and load (if not lumped
with line impedance) to produce complex current flowing
in any branch. Using admittance for simplicity and ex-
pressing in rectangular form, current is computed as in
Figure 5. As depicted in Figure 6, it will require four
separate networks in order to emulate complex current
flowing on any branch. The approach of dc-resistive
network as proposed by Fried et al [11] is used.
Transformation of the transmission line complex
impedance to its resistive value for real and imaginary



part is through its complex conjugate as shown in
equation 1.
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Figure 6: Complex Current Computation Methodology
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Combining equation 1 with Figure 6, we can show the
implementation of complex current computation as de-
scribed in Figure 7.
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Figure 7: Complex Current Computation Implementation

This means that the real part of complex current flowing
in any branch is given by the sum of component currents
in networks 1 and 2, and the imaginary part as the differ-
ence between component currents in networks 4 and 3, as
described in equation 2.

I=1+]I,
IL=1"+1" 2)
I =17

where subscripts » and i represent real and imaginary
part, respectively. 7,17,1i1,1v represent the four DC net-
works.

Step 11I: Computation of generator real power and swing
equation update

The real power out of each generator in the system is
calculated as the real part of the product of generator
terminal voltage and complex conjugate of the generator
current:

P, =Re{E, *I, | =Re{E, | *Re{l, | +Im{E, }*im{l,} (3)
The swing equation describes the dynamics of a genera-
tor. Its input is a mechanical power from prime mover
and which is assumed constant. The output of a generator
is an electrical power, which changes in accordance with
the state of the network. The swing equation is a second
order differential equation and its solution is the power
angle of the generator. The power angle combines with
generator internal voltage to constantly update the gen-
erator terminal voltage and hence the generator current.
Figure 8 describes the continuous cycle of power system
core computation.
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Figure 8: Generator Real Power Computation Methodology

Figure 9 describes the dc-network equivalent of a real
power system bus and conditions for its implementation.
Analyzing a sample power system and considering an
arbitrary bus £ with its complex voltage values, we have
4 networks with 4 buses: &/, ¥, ¥ and k" as equiva-
lents. For feasible bus voltages, the following conditions
must be satisfied:

Vo=V, =V
Vk —V]'{ —VI} 3)
W =V =V

It is then and only then that the current computation
methodology described in section 3 will yield accurate
and feasible values. The feasible bus voltages condition is
realizable with a constant PQ-load model [2].

Among other attributes of an analog emulator that
contribute greatly to its versatility are the scale factors.
Scale factors are constants that relate the values of the
variables on the emulator to the values of the variables in
the real system under study. The choice of proper scale



factors is an important consideration in obtaining satis-
factory results [2].
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Figure 9: Computationally Feasible Bus Voltage

4 CASE STUDIES AND RESULTS

Cases studied which include 3-bus, 6-bus and 14-bus
lossy and lossless power systems were implemented us-
ing ABMs of PSpice. ABMs substitute real analog circuit
implementation of the mathematical equations and scaled
relationship that describe the states of the power system
cases and emulate their behaviors. Power flow test were
conducted on each of the cases. Similar cases were tested
on industrial grade numerical simulation software, Pow-
erWorld v9.1 [12] and Power System Simulation for
Engineering (PSS/E) v.28.1 [13], for benchmarking. For
the validation process, the following parameters were
measured and/or calculated and compared with the
benchmarks.

i. &, — Voltage angle difference between generator

buses jand 1 (j=2,3,...);

ii. Load bus complex voltage;

iii. Current magnitude flowing in each branch.

Simulation results obtained from the analog emulation
engines implemented on ABMs of PSpice and that of the
benchmarks are presented in Tables 1 through 4. It must
be mentioned that the following limitations were encoun-
tered during measurements (or computations) of the
benchmarks parameters:

=  The PowerWorld Simulator [12] computes only
magnitude of a branch current;

= The PSSE [13] provides a bus voltage angle to
one decimal place, and only the magnitude of a
branch current.

From the Tables, we conclude that the emulation re-
sults compares favorably. This confirms the validity of
the methodology as well as the technique of implementa-
tion.
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Figure 10: Variable Representation in Analog Emulator

Simulation outputs of analog emulator were measured
in rectangular form and/or radians. Conversions to polar
representation and/or degree were made for easy com-
parisons with the benchmarks. Also, for convenience and
efficient analog emulation implementation, certain power
system variables and parameters were represented by
other circuit variables. Figure 10 summarizes variable
representations used in this work. Since conversion ratio
used between current-voltage or power-current is 1:1,
obtained values remain representative in quantity.

Table 1: Summary Results for 3-bus Power System
(lossless system)

PowerWorld  |PSS/E Analog Emulator

Relative Power Angle

o [o] o
(8,) in degree 0.94 0.9 0.94

Load Bus (V3) Voltage
0.9882-3.17° 10.9882-3.2° 0.9880«£-3.17°

(Vpu)
Current in Branch 2_1 343.18 343 3432
d,A) ] )
Current in Branch 1_3
(L A) 784.49 784.5 784.5
Current in Branch 2_3

— 1503.87 503.9 503.9

@A)

Table 2: Summary Results for 3-bus Power System
(lossy system)

PowerWorld  |PSS/E Analog Emulator
Relat?ve Power Angle 0.65° 0.6° 0.65°
(8,1) in degree
Load Bus (V3) Voltage
0.96752-1.03°10.968 £-1° 0.96752-1.03°
(Vpu)
Current in Branch 2_1 13426 334 3346
(LA) ) )
Current in Branch 1_3 691.39 691 691.6
(LA) ) )
Current in Branch 2_3
(LA) 654.24 654 654.2

Table 3: Summary Results for 6-Bus Power System
(Lossy System)

PowerWorld |PSS/E Analog Emulator

Relative Power Angle

-} 0 O

(6 in degree -2.10 -2.10 -2.10
Relative Power Angle

. -2.71° -2.7° -2.71°
(837) in degree
Load Bus (V4) 0.974,-735° [0.9742-73°  |0.97424-735°
Voltage (Vpu) ’ . ’ . . ’
Load Bus (V5) 0.9882-4.69° 10.988£—4.7° 0.988 £—4.69°
Voltage (Vpu) ) i ) i i )
Load Bus (V6) 0.983./-6.36° [0.983.2-6.4°  [0.9829./-6.36°
Voltage (Vpu) ’ . ’ . : ’
Current in Branch 1_2
(@, A) 344.86 345 344.86
Current in Branch 1 5
(I, A) 758.72 759 758.72
Current in Branch 2_5
@A) 388.84 389 388.84
Current in Branch 2_6
(@1 A) 515.05 515 515.04

Current in Branch 3 6
~1376.53 377 376.54

@A




Table 4: Summary Results for 14-Bus Power System

(Vpw)

(Lossless)
PowerWorld PSS/E Analog Emulator
Relative P Angl
Fanve TOWETAREE 11 ose 110 -1.08°
(87;) in degree
Relative Power Angle
. -0.75° -0.8° -0.75°
(83;) in degree
Relative Power Angle
. -8.09° -8.1° -8.09°
(861) in degree
Relative Power Angle
. -7.30° -7.3° -7.30°
(83;) in degree
Load Bus (V4) Volt:
oad Bus (V4) Voltagel gg9, 5510 |0.989.2-5.5° |0.989./=5.51°
(Vpw)
Load Bus (V5) Volt:
oad Bus (V3) Voltagel o91 , 4750 |0.991,-4.80 [0.991.1-4.75°
(Vpw)
Load Bus (V7) Volt:
oad Bus (VT) Voltagel ge4, 9220 |0.984,-9.20 |0.984,-9.220

Load Bus (V9) Voltage
(Vpu)

0.979£-11.15°

0.979£-11.2°

0.979£-11.15°

Load Bus (V10)

_ o _ o . o
Voltage (Vou) 0.980./-11.68° [0.980./-11.7° [0.9802-11.68
Load Bus (V11
oad Bus (V11) 0.987./-10.70° [0.987./-10.7° [0.987./-10.70°
Voltage (Vpu)
Load Bus (V12
oad Bus (V12) 0.982./-12.42° [0.982./-12.4° [0.982./-12.42°
Voltage (Vpu)
Load Bus (V1
oad Bus (V13) 0.980./-12.88° [0.980./-12.9° [0.980./-12.88°
Voltage (Vpu)
Load Bus (V14
oad Bus (V14) 0.979./-11.20° [0.979./-11.2° [0.979./-11.20°
Voltage (Vpu)
Current in Branch 1_5
LA 311.63 312.63 311.63
Currentin Branch 25 {49 ¢5 309.85 309.85
LA
Current in Branch 5 4 2625 262.5 2625
LA
Current in Branch 4 9 15121 15121 15121

(Y]

5 SUMMARY

Analog Behavioral Models of PSpice simulation soft-
ware is a very efficient tool. Among advantages are that it
gives opportunity to test drive ideas, it aids in exploring
the effects of modifications, and etc. However, it should
be mentioned that ABMs and PSpice simulation tool are
in no way a substitute for real analog block or analog
emulation engine. These tools are free of noise, crosstalk
or interference. For real analog implementation, issues
like component variations, stray conductive paths, and
others have to be dealt with.

Technology has naturally been an important factor in
the development of power system computation tools. The
implementations have gone through various stages of
development. Evolution of microelectronics and VLSI
technology whereby millions of active components can
be placed on a chip on the order of 100 mm’ in area and
0.5mmin thickness, now cause the resurgence of what
was once considered old technology — analog computa-
tion. This latest technology makes analog emulation a
viable candidate for quicker computation of power sys-
tem states and behaviors considering its intrinsic mas-
sively parallel collective processing capability.

ACKNOWLEDGMENT
The authors would like to thank the Department of
Energy for the financial support under Grant No.
CH11171.

REFERENCES

[1] Capture CIS version 9.2.3, Cadence Design Sys-
tems, Inc.

[2] M.B. Olaleye and C.O. Nwankpa, “Analog Behav-
ioral Models for the Purpose of Analog Emulation
of Large Scale Power Systems,” The Proceedings of
the 36th North American Power Symposium
(NAPS), pp. 97-104, August 2004.

[3] B. Gilbert, “A monolithic Microsystem for Analog
Synthesis of Trigonometric Functions and Their In-
verses”, IEEE Journal of Solid State Circuits, Vol.
SC-17, No. 6, pp. 1179-1191, December 1982.

[4] P.C. Krause, T.A. Lipo and D.P. Carroll, “Applica-
tions of Analog and Hybrid Computation in Electric
Power System Analysis,” Proceedings of the IEEE,
Vol. 62, No. 7, July 1974.

[5] P.G. McLaren, P. Forsyth, A. Perks and P.R.
Bishop, “New Simulation Tools for Power Sys-
tems”, Transmission and Distribution Conference
and Exposition, 2001. IEEE/PES, vol. 1, 28, pp.
91-96, Oct-2 Nov, 2001.

[6] A. Greenwood, Electrical Transients in Power Sys-
tems. 2" Edition, John Wiley & Sons, Inc., New
York, 1991

[7] G.A. Korn and T.M. Korn, Electronic Analogue
Computers (D-C Analogue Computers), McGraw-
Hill, New York, 2" edition, 1956.

[8] M. Hirakami and W. Neugebauer, “Transient Net-
work Analyzer Operation with Digital Computer
Control and Analysis,” IEEE Transactions on Power
Apparatus and Systems, Vol. PAS-100, No. 4, April
1981.

[9] M. Crow, Computational Methods for Electric
Power Systems. CRC Press, 2003.

[10] R. W. Newcomb and J.D. Lohn, “Analog VLSI for
Neural Networks” in Handbook of Brain Theory
and Neural Networks, M. Arbib Ed., Bradford
Books, MIT Press, 1995.

[11] R. Fried, R.S. Cherkaoui, C.C. Enz, A. Germond,
and E.A. Vittoz, “Approaches for Analog VLSI
Simulation of the Transient Stability of Large
Power Networks,” IEEE Transactions on Circuits
and Systems-I: Fundamental Theory and Applica-
tions, Vol. 46, No.10, pp. 1249-1263, October 1999.

[12] PowerWorld Simulator v.9.1, PowerWorld Corpo-
ration, Champaign IL.

[13] Power System Simulator for Engineering (PSS/E)-
28.1.4, Power Technologies, Inc.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


