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Abstract--If engineering design we are able to apply either 

IEC or NEMA style products, we need to know the differences 

between NEMA and IEC designs. Both style designs have 

features and benefits, designer criteria will be guided in obtain 

the optimum design for particular cases. The proper motor and 

motor control center selection required to know many criteria 

for select them. Effective selections of modern motor control 

centers (MCC) require a strong working knowledge of rotating-

machine basics as well as an in-depth awareness of the latest 

technical developments. When a few motor starters are needed, 

they are typically installed within a standardized vertical 

enclosure with all the required relays, instruments, and controls 

that required of an effective deep knowledge of the standards for 

the correct installation. 

This paper present a revision and summarize reflexive of the 

"state of the art" for proper MCC selection to show the works 

presented in this area, in way of taking out a practical guide for 

the correct design of MCC and developing a methodology as tool 

for the design, establishing for this a comparison of the American 

Index Terms--ANSI, Engineering Design, IEC, Motor Control 

Center, NEMA. 

I. INTRODUCTION

s economics become more global in scope, the ability to 

satisfy different markets with a single or basic product is 

attaining an increased focus, for this reason flexibility is 

an important asset, capacity to apply either IEC- or NEMA-

style products provides us the flexibility so wanted in our 

projects to adapt to local standards and product supply 

anywhere in the world. For electrical distribution and control 

products, this is made somewhat difficult due to the difference 

in standards and market expectations in different parts of the 

world. For applying this flexibility, before need to know the 

differences between NEMA and IEC designs, this paper 

discusses and compares devices and enclosures for motor 
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services differences between motor control center designed in 

accordance with American National Standards Institute 

(ANSI) / National Electrical Manufacturers Association 

(NEMA)/ standards with similar equipment designed in accor-

dance with International Electrotechnical Commission (IEC) 

standards. With the comparison of the constructional 

procedures and devices used between the two standards, it 

becomes evident that the application of the products in an 

environment foreign to the standard to which it was designed 

requires careful consideration. 

Selecting the correct starting equipment for a motor is 

dependent on the system and load characteristics. For ease of 

reference, contactors overload relays, and starters designed to 

meet NEMA and UL Standards, with the traditional features 

and conventions initially provided primarily for the North 

American market, will be called traditional "NEMA” devices. 

Contactors, overload relays, and starters designed to meet IEC 

Standards, with their associated traditional features and 

conventions, will be called traditional "IEC" devices.

The North American practices provide clear separation 

between low-voltage power distribution and control 

equipment. In the North American marketplace exist for each 

type of equipment for motor control center. In the 

International Electrotechnical Commission (IEC) marketplace, 

these types of equipment are consolidated into one assembly 

with one product standard enveloping the products 

sectionalized by ANSI/NEMA, This paper only discusses the 

major differences between ANSI/NEMA and the IEC low 

voltage motor control center standards associated, where 

differences exist, and identifying conventions as design 

philosophies. [5] [7] [8] [9] [10] 

II. NEMA AND IEC DEVICES

 The ANSI/NEMA philosophy emphasizes more robust 

designs for broader applicability. Ease of selection and 

breadth of application are two of the fundamental mainstays 

within its design philosophy. 

The IEC philosophy, on the other hand, is application and 

performance. In selecting IEC devices, a more sophisticated 

level of knowledge about the application than is necessary 

when selecting an ANSI/NEMA general-purpose device is 

needed.

IEC starters and contactors, in general, being smaller, 
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occupy less panel space than NEMA devices for the same 

horsepower and voltage rating. When tested in the laboratory 

with identical, pure, IEC AC-3 loads of 50 HP or less, 

conventional NEMA contactors will usually exceed IEC 

contactors in electrical life for contactors with identical AC-3 

ratings. When the test load includes more than occasional AC-

4 content, conventional NEMA contactors demonstrate 

substantially longer life than IEC contactors of the same 

rating. [5] [7] [8] [9] [10] 

NEMA and IEC starters and overload relays are available in 

Class 10, 20, and 30 configurations. NEMA starters are 

normally supplied as Class 20 unless otherwise specified. IEC 

starters are normally supplied as Class 10 unless otherwise 

specified. [10]: 

A key ingredient in protecting a motor is the selection of 

the Class of overload relay for the acceleration time of the 

motor as well as for its FLC. An overload relay may trip 

before the motor accelerates to its full rated speed if the motor 

starting current extends at any point beyond the overload relay 

trip curve. [10]: 

High Capacity Short Circuit current ratings for both NEMA 

and IEC devices can only be determined by tests using branch 

circuit protective devices specified by the manufacturer. In 

installations where high capacity short circuit ratings are 

required, both NEMA and IEC starter are limited to the 

branch circuit protective device used in the short circuit tests. 

[5] [7] [8] [9] [10] 

Traditional NEMA starters and contactors are designed for 

use with 60°C temperature wire with a corresponding 

allowable 50°C terminal temperature rise, IEC starters and 

contactors, and those NEMA starters and contactors so 

marked, require 75°C temperature wire with a corresponding 

65°C allowable terminal temperature rise when UL Listed. 

NEMA motor starters and contactors typically have the 

coil-holding-circuit auxiliary contact located on the viewer's 

left-hand side. IEC contactors typically locate this auxiliary 

contact on the right. [5] [7] [8] [9] [10] 

NEMA magnetic motor starters and contactors typically use 

more coil power, have larger magnets, larger contacts, and 

stronger contact springs, and have higher short-circuit 

withstand capability. IEC devices, generally being smaller, 

consume less coil power. [5] [7] [8] [9] [10] 

IEC devices up to 20 HP can be mounted on an IEC 

Standard (DIN) 35mm rail. This DIN rail mounting permits 

snap-on interchangeability of one brand of IEC device with 

another, without additional drilling. IEC devices up to 10 HP, 

by convention, are generally the same width for the same 

rating. NEMA has no conventions relating to standard 

mounting rail, standard widths, nor standard mounting 

dimension. [5] [7] [8] [9] [10] 

Devices characteristics to previous considered can be 

classified in the following way: 

A. Markings 
Both NEMA and IEC motor starters and contactors have 

nameplates that list ratings to help the user select and apply 

the devices. 

NEMA Nameplate Ratings specified are [10]: 

1) NEMA Size: A standardized rating system of sizes for 

motor controllers. For each NEMA Size, there are specifically 

assigned horsepower, voltage, frequency, and current ratings 

as defined by the NEMA/ICS Standards. 

2) Horsepower and Voltage: The maximum rating (in 

horsepower) at various voltages corresponding to the values 

assigned for each NEMA Size. 

3) Continuous Current: The maximum current which an 

enclosed starter or contactor may be expected to switch and 

carry continuously without exceeding the temperature rises 

permitted by the NEMA Standard. 

IEC Nameplate Ratings[10] 

1) HP and KW: The maximum rating for each mated 

operational voltage and Utilization Category. The most 

common Kilowatt or 1HP ratings on a contactor or starter are 

for Utilization Category AC-3. 

2) Utilization Category: Describes the types of service for 

which the controller is rated.  

3) Thermal Current: The maximum current which a 

contactor or a starter, may be expected to carry continuously 

without exceeding the temperature rises allowed by the IEC 

Standard. This is not a load switching rating. 

4) Rated Operational Current: The maximum full-load 

current FLC at which a motor starter or contactor may be used 

for a given combination of voltage, frequency, and utilization 

category. A device may have more than one operational 

current.

5) Rated Insulation Voltage: A design parameter sometimes 

shown on the nameplate that defines the insulation properties 

of the controller. It is not used for selection or application. 

6) Rated Operational Voltage: The voltage at which each 

stated horsepower or kilowatt rating applies. 

7) Standard Designation: The specific IEC Standard to 

which the product has been tested is required by IEC to be 

marked. 

B. Contactors 
A NEMA contactor is designed to meet the size rating 

specified in NEMA Standard, principal objectives is to 

provide electrical interchangeability (where its contacts are 

replaceable when inspection shows the need and commonly 

use molded coil) among manufacturers for a given NEMA 

Size where a NEMA contactor is designed by convention with 

sufficient reserve capacity to assure performance over a broad 

band of applications without the need for an assessment of life 

requirements.  

IEC Standards do not define standard sizes. An IEC rating, 

therefore, indicates that a contactor has been evaluated by the 

manufacturer or a laboratory to meet the requirements of a 

number of defined applications. 

The goal of the IEC design philosophy is to match a 

contactor to the load, expressed in terms of both rating and 

life. The user equipment requires motors and controllers for 

their specific application, the contacts for IEC contactors are 
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replaceable. Any smaller horsepower-rated contactors do not 

have replaceable or inspectable contacts and are supplied with 

tape-wound coils. [10] 

C. Thermal Overload Relays 
NEMA-style devices have interchangeable heater elements. 

Continuing with ANSI/NEMA philosophy a NEMA overload 

relay generally provides overload protection for numerous 

motor currents and service factors. Thermal overload relays 

generally accept field installable current elements (heaters). 

Current element selection and installation is made after the 

motor full-load current (FLC) is known. A given overload 

relay will accept different current elements, according to the 

FLC applicable to the contactor size with which the overload 

relay is mated. Technology used for are bimetals or eutectic 

alloys as the heat sensing means within the overload relay. To 

accommodate motor acceleration variables, overload relays 

are available for trip Classes 10, 20, and 30. [10] 

IEC thermal overload relays are typically designed with 

directly-heated, bimetal elements, where the heater and 

bimetal are integral and are usually Class 10. Typically, they 

have an adjustment dial or lever, marked in amperes relating 

to FLC. If a different current range is required, the overload 

relay must be changed. Several overload relays are required to 

cover the entire current range of the associated contactor 

rating because of the narrow current range. This reduces the 

number of choices among short-circuit protective devices that 

may be used in the motor branch circuit. [10] 

D.  Motor Controllers 
NEMA contactors and overload relays are assembled into 

motor controllers consisting of one or more contactors on a 

common base plate, combined with one or more overload 

relays, complete control-circuit wiring and complete power 

circuits from line terminals to load terminals. [10] 

III. NEMA AND IEC SELECTION CONSIDERATION DEVICES

Coordination of motor and starter is essential for each 

motor application, for this it should be kept in mind: 

A. Utilization Categories 
Utilization Category is an IEC term used to describe a 

specific type of application. Convention has led to the 

assignment of several ratings to a given contactor for different 

utilization categories and voltages. The electrical system 

designer chooses which of several devices prefers for the 

application, based on its ability to meet, or exceed, the 

required horsepower, voltage, ratings, and other factors, 

including performance. This technical data will be available in 

literature. IEC contactors used in the U.S. are usually marked 

with voltage values and with Horsepower ratings, for use with 

the maximum AC-3 rated operational current (le). IEC 

Contactor selection is based on the percent that jogging and 

plugging (AC-4) is of non-jogging and non-plugging (AC-3) 

conditions in the duty cycle and desired contact (electrical) 

life. [10] 

B. Contactor Electrical Life 
Neither IEC nor NEMA Standards specify electrical life 

performance requirements. Most manufacturers use test 

parameters specified in the IEC Standards for life testing both 

NEMA and IEC devices, and will provide test data upon 

request is not considered a guarantee of life expectancy on a 

specific application. These data is based on the manufacturer's 

tests plus calculations and extrapolations to voltages and 

currents at which tests were not actually run, other way 

express the electrical life by means to statistical terms and 

probabilities based in manufacturer experience. [10] 

C. Contactor Ratings 
NEMA and IEC contactors are designed to be sufficiently 

rugged to assure performance over a broad band of 

applications without the need for an assessment of life 

requirements. IEC contactors typically have published 

electrical life expectancy curves. [10] 

D. Environmental Factors 
Environmental and installation factors such as altitude, 

humidity, chemicals, shock, vibration, mounting means, high 

ambient temperature, and voltage fluctuations can alter the life 

and rating of any contactor. [10] 

E. Nema Specifications – Considerations 
Ease of selection and serviceability is the fundamental 

design advantage of a NEMA-style starter. To effectively 

select a NEMA-style product, only need to know the 

horsepower and voltage, providing front access to internal 

parts, contacts and coils of all sizes can be repaired usually 

without removing the device from the panel. 

NEMA products are designed to be very robust and broadly 

applicable offering reserve capacity. 

A range of thermal units are available for the overload. This 

characteristic makes a NEMA product attractive on many 

construction jobs, where the ultimate motor schedule or the 

actual motor nameplate is not known until close to the start-up 

date. 

F. IEC Specifications – Considerations 
IEC contactor sizes allows to more closely match the 

contactor to the load or application,the number of different 

contactor size ratings varies by manufacturer. 

IEC starter is about half the size of a comparable NEMA 

starter. Above 100A (NEMA Size 3), however, the physical 

differences between NEMA and IEC are negligible. 

IEC products are more modular in nature; they can snap 

onto a 35-mm, or in larger sizes, a 75-mm DIN rail. This 

eliminates the need to drill holes and mount each component 

individually. Thus, putting them into a panel is relatively easy. 

IEC starters typically are sold as components so that you can 

make your own assembly. You simply select the accessories 

needed for the application and snap them together, without the 

use of tools. 

IEC-style thermal overload relays typically have fixed 

thermal elements, with an adjustment range that may require 
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replacing the complete overload relay when significant motor 

FLC changes due to application requirements. 

IV. TERMINAL MARKING AND WIRING CONVENTIONS

Users of both NEMA and IEC type devices should, in all 

cases, follow the manufacturer's wiring diagrams supplied 

with the equipment to assure proper connection of the 

controller to the load. Manufacturers of NEMA type starters 

and contactors follow the NEMA standard marking. [10] 

Fig. 1.  NEMA and IEC Conventional Terminal Markings [10] 

In the USA and Canada the most commonly accepted 

wiring practice is to connect all terminals together that have 

the same terminal marking.  

Fig. 2.  NEMA and IEC Conventional Controller Markings and Schematic 

Diagram [10] 

Most IEC type starters and contactors supplied for the 

American market incorporate the NEMA standard terminal 

identification marking. Many also retain conventional IEC 

terminal marking as additional marking on the device. [10] 

IEC devices have power terminals marked 1, 3, 5 and 2, 4, 

6 corresponding in function to L1, L2, L3 and T1, T2, T3 on 

NEMA Controllers. Control circuit terminals on IEC style 

devices carry two digit terminal markings, the first digit 

signifying location and the second the control device function. 

Terminals of IEC devices carrying the same designation are 

not usually connected together. [5] [7] [8] [9] [10] 

V. ANSI VS IEC ENCLOSURES

The scope of ANSI C37.20.1 covers "metal-enclosed low-

voltage power circuit-breaker switchgear assemblies con-

taining but not limited to such devices as low-voltage power 

circuit breakers, other interrupting devices, switches, control, 

instrumentation and metering, protective and regulating 

equipment". IEC 60439-1, on the other hand, is much broader 

in scope. "This standard applies to assemblies intended for use 

in connection with generation, transmission, distribution and 

conversion of electric energy and for the control of electric 

energy consuming equipment" "This standard also applies to 

stationary or movable assemblies with or without enclosure." 

Furthermore, it also applies to many special service conditions 

such as ships, rail vehicles, hoisting equipment, explosive 

atmospheres and for domestic applications provided the 

"relevant specific requirements are complied with".[1] [2] [3] 

[4] 

Both standards require equipment nameplates. ANSI 

037.20.1 requires the following minimum information on 

nameplates; 

1) Manufacturer's name and address; 

2) Manufacturer's type designation (optional);  

3) Manufacturer's identification reference;  

4) Rated maximum voltage; 

5) Rated frequency. 

IEC 60439-1 requires the manufacturer's name or trademark 

and type designation or identification number to appear on the 

equipment nameplate. A host of other information including 

additional ratings and equipment description must appear 

either on the nameplate or in technical documentation if ap-

plicable. A description of this information is given in IEC 

60439-1.

ANSI requires circuit breakers to be mounted in separate 

metal-enclosed compartments. The metal barriers between 

compartments are required to be a minimum of MSG no. I1 

(nominal thickness of 0.1196 in or 3 mm) material. 

Ventilation openings are permitted provided that the gases 

produced by circuit breaker interruption shall not impair the 

operation of adjacent compartments. Additionally, when bus 

sectionalizing breakers are utilized (main or tie breakers), 
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barriers are required in the bus compartment to segregate the 

separate bus sections from each other. For branch circuits, no 

barriers in the bus compartment are required. For IEC 

Standards the barriers defined by the "Forms of Separation" 

can be either metallic or nonmetallic in construction. IEC does 

not specify thickness of material for these barriers. In order to 

effectively comprehend the requirements of separation, it is 

important to understand the term. IEC defines ""functional 

unit" as a part of an assembly comprising all the electrical and 

mechanical elements that contribute to the fulfillment of the 

same function". [1] [2] [3] [4] 

IEC addresses internal barriers to varying degrees. The fol-

lowing are typical forms of separation by barriers [1] [2] [3] 

[4]. 

1) Form 1-No separation. 

2) Form 2-Separation of bus bars from the functional units. 

3) Form 3a-Separation of bus bars from the functional units 

and separation of all functional units but not of their terminals 

for external conductors, from one another. The terminals for 

external conductors need not be separated from the bus bars. 

4) Form 3b Separation of bus bars from the functional units 

and separation of all functional units from one another. 

Separation of the terminals for external conductors from the 

functional units, but not from each other. 

5) Form 4-Separation of bus bars from the functional units 

and separation of all functional units from one another, 

including the terminals for external conductors which are an 

integral part of the functional unit. 

Although required by the ANSI power circuit breaker stan-

dard, C37.20.1 restates the requirement for several interlocks. 

They include the following [1] [2] [3] [4]. 

1) Prevention from moving the circuit breaker to or from 

the connected position when the circuit breaker is in the 

closed position is required. 

2) Prevention from closing the circuit breaker unless the 

primary disconnecting devices are in full contact or are sep-

arated by a safe distance is to be provided. 

3) For circuit breakers with stored-energy mechanisms, the 

release of energy shall not be permitted unless the mechanism 

is fully charged. 

4) Operators shall be protected from the accidental 

discharge of the stored-energy mechanism. 

ANSI requires door interlocks on compartments in which 

current-Iimiting fuses are mounted in separate removable 

elements. This interlock prevents door opening unless the 

associated breaker or switch is in the open position . IEC 

60439-1 does not address interlocks specifically, but does 

require "that "withdrawable parts shall be fitted with a device 

which ensures that the apparatus can only be withdrawn after 

its main circuit has been interrupted" 

IEC 60529 Is a standard developed through the 

International Electrotechnlcal Commission (IEC) that 

describes a system for classifying the degrees of protection 

provided by an enclosure. An 'enclosure' as used in 60529 is a 

part providing protection of equipment against certain external 

influences and in any direction protection against direct 

contact As such. 60529 may be applied to products other than 

just metal or polymeric enclosures for electrical equipment for 

particular environmental conditions as covered by NEMA 

250. (For example. An individual circuit breaker, switch 

contactor, etc. may have an IEC 60529 IP rating. Until it is 

enclosed in a metal or polymeric enclosure, NEMA 250 would 

not apply. [6] 

IEC 60529 Is NOT a product standard' and does not cover 

enclosure requirements other than the "degree of protection" 

provided. For instance IEC 60529 does not specify the 

corrosion protection and other environmental operating 

requirements and tests defined in NEMA 250. [6] 

VI. CONCLUSION

There are substantial differences in specification techniques 

between ANSI and IEC devices and enclosures for motor 

control center.

The most obvious differences are in operating voltage, 

current ratings, power system frequencies, and grounding 

systems. These differences are reflected in the associated 

equipment designs along with many other constructional 

deviations that are precipitated by the requirements set forth 

by each standard regarding topics such as environmental 

protection and separation.  

With the comparison of the constructional procedures and 

devices used between NEMA/ANSI and IEC standards, it 

becomes evident that the application of the products in an 

environment foreign to the standard to which it was designed 

requires careful consideration. 

Much commentary has been written regarding IEC forms of 

separation. This element represents one of the major 

differences between ANSI and IEC construction. 

VII. REFERENCES

Periodicals: 
[1] Eddie Wilkie. “Comparisson of ANSI/IEEE and IEC Requirements for 

Low-Voltage Switchgear”.IEEE Transactions on Industry Applications, 

Vol. 40, Nº 6 Nov/Dec 2004

Standards: 
[2] IEEE Standard for Metal-Enclosed Low-Voltage Power Circuit Breaker 

Switchgear, ANSI/IEEE C37.20.1, 1993. 

[3] IEEE Standard for Metal-Enclosed AC Power Circuit Breaker Confor-
mance Test Procedures, ANSI/IEEE C37.51, 1989. 

[4] Low-Voltage Switchgear and Controlgear Assemblies, IEC 60439-1 

(1999-09). 

[5] Low-Voltage Switchgear and Controlgear-Part 1: General Rules, IEC 

60947-1 (2001-12). 

[6] Degrees of Protection Provided by Enclosures (IP Code), IEC 60529 

(2001-02). 

[7] Low-Voltage Switchgear and Controlgear-Part 4-1: General Rules, IEC 

60947-4-1 (2001-12). 

[8] Industrial Control and Systems, General Requirements, ICS 1-2000 

[9] Industrial Control and Systems, Controllers, Contactors and Overload 
Relays,  ICS 2-1993 (R2000). 

[10] NEMA Standards Publication NEMA and IEC Devices for Motor 
Service—A Guide for Understanding the Differences,  ICS 2.4-2003 



6

VIII. BIOGRAPHIES

C. Sepúlveda received the Electrical Engineering degree in 1975 from 

Universidad Industrial de Santander, Bucaramanga, Colombia.  

Currently with Electrical Department of TECNOCONSULT, Caracas, 

Venezuela. His current research activities are concentrated on standards 

applicability optimum in oil projects, and project revamp. 

G. A. Salloum received the Electrical Engineering degree in 2002 from 

Universidad Simón Bolívar, Caracas, Venezuela.  

Currently with Electrical  Department of INELECTRA S.A.C.A, Caracas, 

Venezuela. His current research activities are concentrated on grounding 

practices, standards applicability optimum in oil projects and technological 

management. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (None)
  /CalCMYKProfile (None)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 36
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /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 36
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /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 true
  /CropMonoImages true
  /MonoImageMinResolution 36
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth 2
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU (Use these settings with Distiller 7.0 or equivalent to create PDF documents suitable for IEEE Xplore. Created 29 November 2005. ****Preliminary version. NOT FOR GENERAL RELEASE***)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


