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Enabling Extreme Fast Charging Technology
for Electric Vehicles

AS a significant part of the next-generation smart grid,
electric vehicles (EVs) are essential for most countries

to achieve energy independence, secure energy supply, and
alleviate the pressure on environmental protection and energy
security. Although EVs have grown rapidly, the slow recharge
time is still the biggest obstacle to a wider application. While
gasoline vehicles can pump enough gasoline in less than ten
minutes, which can carry themselves a few hundred miles.
However, most of today’s fast-charging techniques take half
an hour only to provide very limited miles of electric driving
range.

The industry is addressing the slow recharging issue for EVs
by increasing the rate of charging to 350 kW and above, known
as extreme fast charging (XFC), which allows EVs’ recharge
time equivalent to refueling gasoline vehicles. Although XFC
can help overcome practical EV driving range limitations,
the technology also introduces a series of new challenges,
which requires an intelligent control for a different power train
architecture and components from the current EV offerings.

The aim of this Special Issue is twofold: (i) to capitalize
on the state-of-the-art technologies to explore the applicable
studies for the fast charging of EVs, in order to address the
vulnerability and profit without any compromise on reliability
and quality in either realm, and (ii) to actively promote the
application of XFC solution for EVs highly recognized by the
industry, by only publishing papers which deal with practical
consideration instead of purely theoretical works. This Special
Issue aims to promote the deep researches related to EVs from
experts in various scientific disciplines.

In this Special Issue, the XFC-capable EVs are motivated
to address the technology gap in view of battery, high-voltage
system architecture, power electronics design, infrastructures,
cyber-physical system security and stability issues to the power
grid, which provides the unique bridge for an interdisciplinary
research cross the XFC technology, and the security and
stability of transportation electrification systems.

In order to deal with the operation and market partici-
pation problem for EV fast-charging stations (CSs), Duan
et al. propose the bidding strategies in both energy and
reserve markets for an aggregator of multiple fast CSs with
energy storage systems. The conditional value at risk-based
mixed-integer quadratic programming formulation is built to
hedge the risks of random charging demands and volatile
market prices. The proposed formulation is converted into a
mixed-integer linear programming problem and an iterative
solution method is further designed to reduce the computation
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time. The case studies based on the trajectory data of taxis
in Beijing have been carried out. The simulation results show
that the aggregator can achieve higher economic benefits while
satisfying the fast charging demand of EVs using the proposed
method.

Mao et al. propose a graph-computing-based integrated
location planning model, which maximizes PEV charging con-
venience while ensuring the power grid’s reliability. In addi-
tion, the proposed model captures the long-term costs of
critical grid assets induced by uncertainty and impulsive-
ness of charging demand. The model can be easily scaled
to various coupling configurations and temporal resolutions
through a graph-based scheme. The proposed model is cast as
a multiobjective mixed-integer problem and is solved by the
cross-entropy optimization algorithm in which the computa-
tional efficiency is significantly improved with graph parallel
computing techniques.

Shao et al. analyze both energy and power demands
of the XFC EV CSs. A coordinated planning method for
power distribution networks and XFC EV CSs is proposed.
The coordinated planning model is developed to satisfy the
time-varying and intermittent XFC loads. The on-site batteries
are introduced to flatten the XFC energy used and buffer
the instantaneous power peaks. The necessity of the power
constraints and the role of batteries are discussed.

Sun et al. focus on the charging scheduling of on-the-move
EVs in a transportation network to minimize EVs’ charging
latency, including driving time to CSs, wait time, and charging
time. The charging scheduling problem is formulated as a
graphical game to characterize the strong couplings of charg-
ing latency among neighboring EV players. The correlated
equilibrium is investigated to describe the joint strategies of
EV players, which is expected to further reduce the charging
latency of EVs compared with Nash equilibrium. In addition,
a method of wait time prediction is proposed by combining the
data of deterministic EV arrivals and the stochastic property
of potential EV arrivals. The simulation studies show that the
proposed method has apparent advantages in situations where
the locations of EV players are in dense manners.

Yu et al. focus on the EV public charging market with
heterogeneous CSs under the time-based billing model. A hier-
archical game is proposed to jointly consider the problems of
the charging time optimization for EVs, the EV-CS pairing,
and the pricing mechanism for CSs. The simulation results
show that the proposed schemes can achieve the performance
improvement of the charging system.

One of the major barriers for a wider deployment of EVs is
the availability of XFC stations. A possible solution is to build
a fast-charging sharing system, by encouraging small business
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owners or even householders to install and share their fast
charging devices and by reselling electricity energy sourced
from traditional utility companies or their own solar grid.
To incentivize such a system, a smart dynamic pricing scheme
is needed to facilitate those growing markets with fast CSs.
The pricing scheme is expected to take into account the
dynamics intertwined with pricing, demand, and environment
factors, in an effort to maximize the long-term profit with the
optimal price. To this end, Fang et al. formulate the problem
of dynamic pricing for XFC as a Markov decision process and
develop algorithmic solutions for different scenarios. Experi-
mental studies are conducted and provide interesting insights.

Zhang et al. propose an effective charging planning system
for EV to help drivers reduce the total charging time of EVs
and recommend the available CS closest to the driving desti-
nation. The scheduling problem of EVs charging is formalized
as a Markov Decision Process and a deep reinforcement
learning-based scheduling algorithm is proposed to address it.
The objective of the proposed algorithms is to minimize the
total charging time and select the closest CSs to the driving
destination of EVs. The experimental results show that the
proposed algorithms can significantly reduce the charging time
of EVs and be as close as possible to the destination of EVs.

Li et al. propose an approach to detecting anomalies in real
vehicle power supply systems based on multihead attentions
that take the inherent correlations of traffic generated by
power-related Industrial Control Systems (ICSs) into account.
The experiments are conducted in two real-world power ICS
testbeds. Comprehensive experimental results demonstrate the
effectiveness of the detection model.

Zhou et al. model the EV fast-charging problem as an opti-
mization coordination problem subject to the coupled feeder
capacity constraints in the distribution network. A decentral-
ized hierarchical algorithm based on the alternating direc-
tion method of multipliers method is designed to solve the
constrained coordination problem with its convergence and
optimality guaranteed, and a receding horizon-based algorithm
is proposed to mitigate the effects of uncertainty over the base
demand profiles and the EV populations.

Data like real-time traffic situation and charge point occupa-
tion in EV charging networks have significant real-time char-
acteristics. In the paper, Wu et al. adopt a distributed storage
system, an effective technology to ensure reliable sharing of
dynamic data to storage allocation for delay-sensitive data.
In order to improve the recovery probability of delay-sensitive
data within its timeliness, they establish an access queuing
delay model based on the characteristics of sensitive data.
Then, they find the optimal storage allocation strategy across
distributed storage nodes for data with different delay thresh-
old in terms of the recovery probability.

To achieve the configurable charging profile of battery
required efficiently, Wang et al. systematically proposed a
method to derive effective hybrid inductive power trans-
fer (IPT) converters combating the constraints of loosely cou-
pled transformer parameters, while maintaining nearly unity
power factor and soft switching of power switches simultane-
ously. Starting from some existing topologies having the con-
figurable constant current or constant voltage output, the IPT

converter cascades a general T network for mode transition.
Design principles with fewer mode switches and compensation
components are discussed in detail. The design method can
be extended to derive other hybrid converters for onboard EV
charging.

In order to improve the power density and efficiency and
reduce the cost of the wireless EV charging system, a unified
resonant tuning configuration with minimum passive compo-
nent counts is proposed by Lu et al. to achieve constant current
and constant voltage outputs at two zero phase angle operating
frequencies. According to the proposed configuration, all the
possible inductive power transfer and capacitive power transfer
topologies are analogized.

Due to the requirements of high power/torque density and
the poor working conditions of wheel traction motors used
in EVs, severe inter-turn short circuit faults (ITSC) are more
prone to occur. Zhao et al. study the ITSC characteristics
of a permanent magnet synchronous machine (PMSM) used
for wheel traction motors in EVs. The influence of fault
intensity on machine’s parameters and performance are studied
at different fault resistances through a finite element method.
In addition, factors that affect the amplitude of short circuit
current are researched by mathematical formula and simula-
tion, including load state, rotation speed, fault position, and
branch inductance. Then, the loss and thermal characteristics
of the PMSM under different conditions are analyzed. Exper-
iments are conducted to validate the simulation results.

Apart from the charging technology itself, the battery
characteristics of EVs must be specifically taken into con-
sideration to undertake the extremely large current capacity.
Jiang et al. present a variable-current charging strategy of
Li-ion batteries. Since the battery characteristics vary with
the state of charge (SoC), it is more reasonable to divide the
charging process based on SoC than on cutoff voltage. They
find an optimal charging pattern of the proposed strategy by
nondominated sorting genetic algorithm-III. The second-order
Thevenin model of battery is established to simulate the charg-
ing process. Verification experiments are performed and results
show that the obtained charging pattern has a temperature and
loss reduction of 2.9◦C and 0.5% compared with constant
current-constant voltage strategy under the same charging time
and capacity.

With the development of EVs, batteries are usually used as
modules. Most models treat the parameters of the battery cells
as consistent. This simplification ignores the inconsistencies
between the batteries and cannot accurately describe the differ-
ences within the battery pack. Fan et al. propose a battery pack
simplification algorithm based on an equivalent circuit model
which is suitable for the rapid simulation of any complex
topology battery pack. Relying on the simplified algorithm,
under the assumption that the battery parameters conform
to the normal distribution, this paper studies the influence
of circuit topology, the battery parameter distribution, and
the battery parameter correlation on the current distribution
through Monte Carlo simulation.

Ruan et al. propose an electrochemical model-based quan-
titative analysis method to uncover the dominant reason
for performance decrease and fast-charging limitation of
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lithium-ion batteries at low temperatures, which helps optimize
battery design and develop fast-charging methods. The highly
important dynamic parameters are carefully identified by the
experimental data and genetic algorithm, thus developing
an electrochemical model with high accuracy. The quantita-
tive analysis indicates that the sluggish electrode diffusion
is the principal reason for battery available capacity loss.
Battery available power attenuation is primarily attributed to
the increased film resistance of an anode and the reduced
exchange current density of a cathode. The increased film
resistance of the anode is responsible for the predominant
limitation of low-temperature fast-charging. This quantitative
revelation breaks through the traditional understanding from
the qualitative analysis that battery performance decreases and
fast-charging limitations are highly associated with the most
temperature sensitivity parameters.

With the development of XFC technology, CSs need to use
energy storage stations to reduce the rising peak to average
power ratio. However, a full discharge or charge results in a
high-temperature rise, and the electrical model parameters near
a specific temperature point cannot be accurately obtained. The
short current pulses cannot stabilize the polarization. In the
paper, based on an improved Butler–Volmer-Equation-Based
electrical model, Li et al. use a high-accuracy parameter
identification method to summarize the phenomena caused
by the rate of change of high-energy LIC. The accuracy
of the method is tested under the dynamic stress condition
test. The maximum voltage error is less than 2%. Energy
efficiency calculation based on the used model is simulated
by the design condition from the energy storage station of
the Haizhu line in Guangzhou. The maximum error is less
than 0.2%.

Sun et al. propose a method for identifying the second-order
resistor–capacitor equivalent circuit parameters of lithium-ion
battery by applying continuous short-time scale pulses and
extracting four feature points in each cycle, where the balance
is considered between required data and model accuracy. It is
illustrated that the proposed method is feasible for different
kinds of excitation. At the same time, the applicability
analysis of power profiles for different identification methods
was carried out. Compared with the conventional method,
the proposed method can reduce the average voltage error
and the maximum error under the power profile of a dynamic
stress test.

This Special Issue has a highly selective review process,
in order to comply with the high-quality standards of the
IEEE TRANSACTIONS ON INTELLIGENT TRANSPORTATION
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The authors, the Guest Editors, are thankful to all the

authors who submitted their fine works to this Special Section.
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like to express their sincere gratitude to all the reviewers
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The authors would like to close by recognizing the help,
support, and guidance provided by the Editor-in-Chief Prof.
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preparation of this special issue.
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XI CHEN, Guest Editor
GEIRI North America
San Jose, CA 95134 USA

ZHEN LI, Guest Editor
School of Automation
Beijing Institute of Technology
Beijing 100081, China

HAIRONG DONG, Guest Editor
State Key Laboratory of Rail Traffic
Control and Safety
Beijing Jiaotong University
Beijing 100044, China

ZECHUN HU, Guest Editor
Department of Electrical Engineering
Tsinghua University
Beijing 100084, China

CHUNTING CHRIS MI, Guest Editor
Department of Electrical and Computer
Engineering
San Diego State University
San Diego, CA 92182 USA

Xi Chen (Senior Member, IEEE) received the B.Eng. degree from Beijing Technology and
Business University, Beijing, China, in 2003, the M.Sc. degree from the Kings College London,
University of London, London, U.K., in 2005, and the Ph.D. degree from the Hong Kong
Polytechnic University, Hong Kong, China, in 2009.

He was a Post-Doctoral Fellow with the Institute of Software, Chinese Academy of Science,
and a Research Associate, Hong Kong Polytechnic University. He was a Visiting Student with
the University of Florida, Gainesville, FL, USA. Since 2009, he has been with State Grid
Corporation of China, Beijing. He is currently the Chief Information Officer with GEIRI North
America, San Jose, CA, USA. His research interests include the Internet of Things, smart grids,
electric vehicle charging networks, and complex networks. He also serves as a Guest Editor for
IEEE TRANSACTIONS ON INTELLIGENT TRANSPORTATION SYSTEMS and an Associate Editor
of IEEE SYSTEMS JOURNAL and IEEE TRANSACTIONS ON WIRELESS COMMUNICATIONS.



IEEE TRANSACTIONS ON INTELLIGENT TRANSPORTATION SYSTEMS, VOL. 22, NO. 1, JANUARY 2021 469

Zhen Li (Senior Member, IEEE) received the B.Eng. and M.Eng. degrees in measurement
science and control technology from the Harbin Institute of Technology, Harbin, China,
in 2006 and 2008, respectively, and the Ph.D. degree from the Hong Kong Polytechnic
University, Hong Kong, China, in 2012.

In December 2012, he joined the School of Automation, Beijing Institute of Technology, as a
Lecturer, where he is currently an Associate Professor. He was a Research Assistant/Associate
with the Applied Nonlinear Circuits and System Research Group, Department of Electronic
and Information Engineering, Hong Kong Polytechnic University, from October 2011 to
September 2012, and from December 2013 to January 2014. His main research interests include
stability analysis and control of renewable energy systems and state estimation for nonlinear
system applications. He currently serves as an Associate Editor for the IEEE TRANSACTIONS

ON CIRCUITS AND SYSTEMS—II: EXPRESS BRIEFS, an Associate Editor for IEEE ACCESS,
a Guest Editor for IEEE TRANSACTIONS ON INTELLIGENT TRANSPORTATION SYSTEMS

in 2019, and a Guest Associate Editor for International Journal of Bifurcation and Chaos. He also serves as an active technical
committee member of the Converter Dominated Electric Gird in China Power Supply Society and Electrical Automation
Professional Committee in the Chinese Association of Automation Society.

Hairong Dong (Senior Member, IEEE) received the Ph.D. degree in general and fundamental
mechanics from Peking University, Beijing, China, in 2002.

She was a Visiting Scholar with the University of Southampton, Southampton, U.K., in 2006,
and the KTH Royal Institute of Technology, Sweden, in 2011. She is currently the Deputy of
the National Engineering Research Center for Rail Transportation Operation Control System,
and also a Professor with the State Key Laboratory of Rail Traffic Control and Safety, Beijing
Jiaotong University, Beijing. Her research interests include intelligent transportation systems,
automatic train operation and intelligent dispatching, and complex network applications.

Dr. Dong serves as an Associate Editor for IEEE TRANSACTIONS ON INTELLIGENT

TRANSPORTATION SYSTEMS, IEEE Intelligent Transportation Systems Magazine, and Journal
of Intelligent and Robotic Systems. She is also the Co-Chair of the Technical Committee on
Railroad Systems and Applications of the IEEE Intelligent Transportation Systems Society and
the Vice General Secretary of the Chinese Automation Congress.

Zechun Hu (Senior Member, IEEE) received the B.S. and Ph.D. degrees in electrical
engineering from Xi’an Jiao Tong University, Xi’an, China, in 2000 and 2006, respectively.

He worked with Shanghai Jiao Tong University after graduation and also worked with the
University of Bath as a Research Officer from 2009 to 2010. He joined the Department
of Electrical Engineering, Tsinghua University, in 2010, where he is currently an Associate
Professor. His major research interests include optimal planning and operation of power
systems, electric vehicles, and energy storage systems. He served as an Associate Editor
for IEEE TRANSACTIONS ON TRANSPORTATION ELECTRIFICATION and a Guest Editor for
IEEE TRANSACTIONS ON INDUSTRY APPLICATIONS, IET Generation, and Transmission and
Distribution. He also serves as an Associate Editor for IET Smart Grid and Energy Conversion
and Economics.



470 IEEE TRANSACTIONS ON INTELLIGENT TRANSPORTATION SYSTEMS, VOL. 22, NO. 1, JANUARY 2021

Chunting Chris Mi (Fellow, IEEE) received the B.S.E.E. and M.S.E.E. degrees in electrical
engineering from Northwestern Polytechnical University, Xi’an, China, in 1985 and 1988,
respectively, and the Ph.D. degree in electrical engineering from the University of Toronto,
Toronto, ON, Canada, in 2001.

He was a Faculty Member with the University of Michigan, Dearborn, MI, USA, from 2001 to
2015. He was with General Electric Company, Peterborough, ON, Canada, from 2000 to 2001.
He is currently a Professor and the Chair of electrical and computer engineering, San Diego
State University, San Diego, CA, USA. His research interests include electric drives, power
electronics, electric machines, renewable energy systems, electrical and hybrid vehicles, battery
management systems, and wireless power transfer.

Dr. Mi was a recipient of the 2007 IEEE Region 4 Outstanding Engineer Award, the IEEE
Southeastern Michigan Section Outstanding Professional Award, and the SAE Environmental
Excellence in Transportation (E2T) Award. He was also a recipient of the IEEE TRANSAC-

TIONS ON POWER ELECTRONICS Best Paper Award and the Prize Letter Award. He was a recipient of the 2019 IEEE PELS
Emerging Technology Award.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Black & White)
  /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
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /ArborText
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /ComicSansMS
    /ComicSansMS-Bold
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /EstrangeloEdessa
    /EuroSig
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Impact
    /KozGoPr6N-Medium
    /KozGoProVI-Medium
    /KozMinPr6N-Regular
    /KozMinProVI-Regular
    /Latha
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LucidaConsole
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /MVBoli
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Webdings
    /Wingdings-Regular
    /ZapfDingbats
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 300
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 900
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.33333
  /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 /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


