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M easuring Speed and Position with the QEI Module

The two channels, Phase A (QEA) and Phase B (QEB),

Author:  Jorge Zambada have a unique relationship. If Phase A leads Phase B,

Microchip Technology Inc. then the direction of the motor is deemed positive or

forward. If Phase A lags Phase B then the direction of

INTRODUCTION the motor is deemed negative or reverse. A third chan-

nel, termed Index pulse, occurs once per revolution

This document provides an overview of the Quadrature and is used as a reference to establish an absolute

Encoder Interface (QEI) module present on the motor position. The index signal may not be present on all

control family of dsPIC30F Digital Signal Controllers. encoders and is not required for proper operation of the

Code examples are also provided for a typical motor QEI. See Figure 1 for a relative timing diagram of these
control application, where speed and position three signals.

measurements of the rotor are required. . . .
q The QEI consists of quadrature decoder logic to inter-

pret the Phase A, Phase B and Index signals and an
QE| MODULE up/down counter to accumulate the count. Digital glitch
filters on the inputs condition the input signal. Figure 2

Quadrature encoders (also known as incremental depicts a simplified block diagram of the QEI Module.

encoders or optical encoders) are used for position and

speed detection of rotating motion systems. Quadra- The QEI module includes these features:

ture encoders enable closed loop control of many + Three input pins for two phase signals and index
motor control applications. pulse

The QEI module provides a simple interface to incre- « Programmable digital noise filters on inputs
mental optical encoders, which allows you to obtain « Quadrature decoder (provides counter pulses and
signed velocity and relative rotor position information count direction)

from the motor or mechanical system. The QEI module
accepts the A, B and index connections from the incre-
mental encoder and stores the accumulated count

 16-bit up/down position counter
< Count direction status

pulses in a dedicated 16-bit time base. Velocity and * X2 and X4 count resolution
position information can be measured at X2 or X4 + Two modes of position counter reset
resolution. + General purposel6-bit Timer/Counter mode

« Interrupts generated by QEI or counter events

FIGURE 1: QUADRATURE ENCODER INTERFACE SIGNALS
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FIGURE 2: QUADRATURE ENCODER INTERFACE MODULE SIMPLIFIED BLOCK DIAGRAM
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For more information on the CPU, peripherals, register
descriptions and general device functionality, refer to
the “dsPIC30F Family Reference Manual” (DS70046).
APPLICATION EXAMPLE
Figure 3 illustrates a typical application using the QEI
module, where an AC Induction Motor (ACIM) is
controlled by using a quadrature encoder for feedback
information.
FIGURE 3: TYPICAL APPLICATION WITH SIMPLIFIED SCHEMATIC
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The requirements of the application example are:

1.

For these requirements, you need information about
the incremental encoder that is used and the speed

Measure rotor angular position from 0° to
360°. The number of lines of the incremental
encoder must be known in order to set the
proper scaling factors. A 16-bit unsigned
variable is used for this requirement.

Measure signed angular speed. Motor
maximum speed is to be known for proper
conversion. A signed 16-bit variable is used,
where the sign represents forward (+) or reverse
(-) direction of rotation.

ranges of the motor.

The following motor and encoder combination was
used to develop this application example:

Motor Leeson Cat# 102684
Rated speed 3450 RPM.
Encoder U.S. Digital model E3-500-500-IHT.
500 lines of resolution
Note: The Leeson motor can be obtained from

an electric motor distributor, or you can
order it from Microchip. The encoder can
be ordered from the U.S. Digital web site,
www.usdigital.com. Any other similar
encoder with 500 lines of resolution may
be used instead of the U.S. Digital device,
if desired.

© 2005 Microchip Technology Inc.
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INITIALIZING THE QEI MODULE

Based on the incremental encoder used in this
example, the module is configured as follows:

Enable Digital Filters

Enabling the digital filters is desirable to filter any
possible glitches on the incremental encoder signals.
For the configuration used in this example, the timing
diagram of Figure 4 shows how the input signals are

filtered.
FIGURE 4: SIGNAL PROPAGATION THROUGH FILTER, 1:1 FILTER CLOCK DIVIDE
Tcy
QEn Pin
QEn Filter

A rule of thumb to calculate the filter is based on the
minimum pulse width of the encoder, which is deter-
mined by the maximum motor speed. In this example,
the minimum pulse width is determined by Equation 1:

EQUATION 1:  MINIMUM PULSE WIDTH

30 30 _
MIN_PULSE = {7A% RPM x ENCODER PULSES ~ 2000x500 - L2 MSEC

So configuring the filter to reject any signal lower than
15 us will be fine for the application. In this example, we
are running at 14.75 MIPS, so the closest filter
configuration to achieve our requirement is calculated
as shown in Equation 2:

EQUATION 2:  FILTER DIVIDER

FILTER DIV = MIPS x FILTgRED PULSE _ 14.75 MIP??X 15 psec _ 737 = 64

With the available options on the QEI module, a divider
of 64 is selected, so pulses below 13 usec will be
filtered.
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Increment Pulse Counter

Increment pulse counter on each QEn pins transition.
In order to get as much resolution as possible, the QEI
is configured for X4. The X4 Counting mode
increments or decrements the POSCNT register on
every QEA and QEB signal edge. Figure 5 shows a

timing diagram for the X4 configuration.

FIGURE 5: QUADRATURE ENCODER SIGNALS IN X4 MODES
QEA | : : : : : : : : :
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Reset Pulse Counter

The pulse counter is reset by the index pin. Some
incremental encoders don't have this output to gener-
ate an absolute reference position. However, the one
used in this example has this output, and we will take
advantage of it. See Figure 6 for a timing diagram when

the index pulse resets the counter.

FIGURE 6:

RESET BY INDEX MODE
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Code Example

The following code example initializes the QEI module
based on the requirements of this application example:

EXAMPLE 1: INITIALIZING THE QEI MODULE

void InitQEI (void)

{

ADPCFG |= 0x0038;

QEICONbits.CNTERR =
QEICONbits.QEISIDL
QEICONbits.SWPAB =
QEICONbits.PCDOUT =
QEICONbits.POSRES =
DFLTCONbits.CEID =
DFLTCONbits.QEOUT =

DFLTCONbits.INDOUT
DFLTCONbits.INDCK =
POSCNT = 0;

return;

QEICONbits.QEIM = 0;

DFLTCONbits.QECK = 5;

QEICONbits.QEIM = 6;

// Configure QEI pins as digital inputs

// Disable QEI Module

// Clear any count errors

// Continue operation during sleep

// QEA and QEB not swapped
// Normal I/O pin operation

// Index pulse resets position counter

// Count error interrupts disabled

// Digital filters output enabled for QEn pins

// 1:64 clock divide for digital filter for QEn
// Digital filter output enabled for Index pin

// 1:64 clock divide for digital filter for Index

// Reset position counter

// X4 mode with position counter reset by Index

DS93002A-page 6
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CALCULATING ANGULAR POSITION
WITH QEI

To prepare the variable for fractional operations per-
formed by control algorithms, you need to convert the
position counter result into a signed fractional number.
Equation 3 shows the calculation for maximum count
per revolution, based on the information of the incre-
mental encoder and the QEI module configuration.

EQUATION 3: MAXIMUM COUNT PER REVOLUTION

MAX_COUNT_PER REV = PULSES PER_REV x COUNT_INC_PER REV -1 = 500x 4—1 = 1999

Where the resolution would be:
360°

RESOLUTION = 5000 0.18

With this resolution, the position count variable needs
to be converted from 0 to 1999 to a signed fractional
16-hit value of 0 to 32767. The following formula shows
the scaling factor.
_ POSCNT x 2048
AngPog[0] = — 13

Code Example

The following code example shows how to implement
this simple subroutine in C:

EXAMPLE 2: CALCULATING ANGULAR POSITION WITH QEI

int AngPos[2] = {0,0}; // Two variables are used for Speed Calculation
int POSCNTcopy = 0;
void PositionCalculation (void)

{

POSCNTcopy = (int)POSCNT;
if (POSCNTcopy < 0)

POSCNTcopy = -POSCNTcopy;
AngPos [1] = AngPos|[0];
AngPos [0] = (unsigned int) (((unsigned long)POSCNTcopy * 2048)/125) ;
// 0 <= POSCNT <= 1999 to 0 <= AngPos <= 32752
return;

Note: POSCNT is automatically reset by the
Index pulse as configured.
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CALCULATING ANGULAR VELOCITY must be less than the minimum time required for a %2
WITH QEI revolution at maximum speed. The motor’s rated speed

is 3450 RPM, so 4000 RPM is used in this example to
The velocity calculation is performed in a periodic inter- avoid any velocity calculation overflow. The formula
rupt, since the angular velocity is the number of incre- shown in Equation 4 is used to calculate time interval.

ments in a fixed period of time. This interrupt interval

EQUATION 4:  INTERRUPT PERIOD CALCULATION

60 60

INTERRUPT_PERIOD = 5~ \IAX SPEED_RPM ~ 2x 4000

= 0.0075 seconds

Example 3 shows the initialization of Timerl used to
generate this periodic interrupt with the dsPIC DSC
running at 14.75 MIPS:

EXAMPLE 3: TIMERL1 INITIALIZATION TO GENERATE 0.0075 SEC PERIODIC ISRS
void InitTMR1 (void)

{

TMR1 = O; // Reset timer counter

T1CONbits.TON = 0; // Turn off timer 1

T1CONbits.TSIDL = 0; // Continue operation during sleep

T1CONbits.TGATE = 0; // Gated timer accumulation disabled

T1CONbits.TCS = 0; // use Tcy as source clock

T1CONbits.TCKPS = 2; // Tcy / 64 as input clock

PR1 = 1728; // Interrupt period = 0.0075 sec with a 64 prescaler
IFSObits.T1IF = 0; // Clear timer 1 interrupt flag

IECObits.T1IE = 1; // Enable timer 1 interrupts

T1CONbits.TON = 1; // Turn on timer 1

return;

}

Example 4 shows how the Speed variable is calculated
in the periodic ISR:

EXAMPLE 4: ANGULAR SPEED CALCULATION EXAMPLE
#define MAX CNT PER REV (500 * 4 - 1)

#define MAXSPEED (unsigned int) (((unsigned long)MAX CNT PER REV*2048)/125)
#define HALFMAXSPEED (MAXSPEED>>1)
int Speed;
void _ attribute (( interrupt )) TlInterrupt (void)
{
IFSObits.T1IF = 0; // Clear timer 1 interrupt flag

PositionCalculation() ;
Speed = AngPos[0] - AngPos|[1];
if (Speed >= 0)
{
if (Speed >= (HALFMAXSPEED)
Speed = Speed - MAXSPEED;
}
else
{
if (Speed < - (HALFMAXSPEED)
Speed = Speed + MAXSPEED;
}
Speed *= 2;
return;
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NOTES:

DS93002A-page 10 Advance Information © 2005 Microchip Technology Inc.



© 2005 Microchip Technology Inc. Advance Information DS93002A-page 11



MICROCHIP

WORLDWIDE SALES AND SERVICE

AMERICAS
Corporate Office

2355 West Chandler Blvd.
Chandler, AZ 85224-6199

Tel: 480-792-7200
Fax: 480-792-7277
Technical Support:

http://support.microchip.com

Web Address:
www.microchip.com

Atlanta
Alpharetta, GA
Tel: 770-640-0034
Fax: 770-640-0307

Boston
Westborough, MA
Tel: 774-760-0087
Fax: 774-760-0088
Chicago

Itasca, IL

Tel: 630-285-0071
Fax: 630-285-0075

Dallas

Addison, TX

Tel: 972-818-7423
Fax: 972-818-2924

Detroit

Farmington Hills, MI
Tel: 248-538-2250
Fax: 248-538-2260

Kokomo

Kokomo, IN

Tel: 765-864-8360
Fax: 765-864-8387

Los Angeles
Mission Viejo, CA
Tel: 949-462-9523
Fax: 949-462-9608

San Jose

Mountain View, CA
Tel: 650-215-1444
Fax: 650-961-0286

Toronto

Mississauga, Ontario,

Canada
Tel: 905-673-0699
Fax: 905-673-6509

ASIA/PACIFIC
Australia - Sydney
Tel: 61-2-9868-6733
Fax: 61-2-9868-6755
China - Beijing

Tel: 86-10-8528-2100
Fax: 86-10-8528-2104

China - Chengdu
Tel: 86-28-8676-6200
Fax: 86-28-8676-6599

China - Fuzhou
Tel: 86-591-8750-3506
Fax: 86-591-8750-3521

China - Hong Kong SAR
Tel: 852-2401-1200
Fax: 852-2401-3431

China - Qingdao
Tel: 86-532-502-7355
Fax: 86-532-502-7205

China - Shanghai
Tel: 86-21-5407-5533

Fax: 86-21-5407-5066
China - Shenyang

Tel: 86-24-2334-2829
Fax: 86-24-2334-2393

China - Shenzhen
Tel: 86-755-8203-2660
Fax: 86-755-8203-1760

China - Shunde
Tel: 86-757-2839-5507
Fax: 86-757-2839-5571

China - Wuhan

Tel: 86-27-5980-5300
Fax: 86-27-5980-5118
China - Xian

Tel: 86-29-8833-7250
Fax: 86-29-8833-7256

ASIA/PACIFIC

India - Bangalore
Tel: 91-80-2229-0061
Fax: 91-80-2229-0062

India - New Delhi
Tel: 91-11-5160-8631
Fax: 91-11-5160-8632

India - Pune
Tel: 91-20-2566-1512
Fax: 91-20-2566-1513

Japan - Yokohama
Tel: 81-45-471- 6166
Fax: 81-45-471-6122

Korea - Seoul

Tel: 82-2-554-7200
Fax: 82-2-558-5932 or
82-2-558-5934

Malaysia - Penang
Tel: 604-646-8870
Fax: 604-646-5086

Philippines - Manila
Tel: 011-632-634-9065
Fax: 011-632-634-9069
Singapore

Tel: 65-6334-8870
Fax: 65-6334-8850

Taiwan - Hsinchu
Tel: 886-3-572-9526
Fax: 886-3-572-6459

Taiwan - Kaohsiung
Tel: 886-7-536-4818
Fax: 886-7-536-4803
Taiwan - Taipei

Tel: 886-2-2500-6610
Fax: 886-2-2508-0102

Thailand - Bangkok
Tel: 66-2-694-1351
Fax: 66-2-694-1350

EUROPE

Austria - Weis

Tel: 43-7242-2244-399
Fax: 43-7242-2244-393
Denmark - Copenhagen
Tel: 45-4450-2828

Fax: 45-4485-2829

France - Paris

Tel: 33-1-69-53-63-20
Fax: 33-1-69-30-90-79
Germany - Munich
Tel: 49-89-627-144-0
Fax: 49-89-627-144-44
Italy - Milan

Tel: 39-0331-742611
Fax: 39-0331-466781

Netherlands - Drunen
Tel: 31-416-690399
Fax: 31-416-690340
Spain - Madrid

Tel: 34-91-352-30-52
Fax: 34-91-352-11-47
UK - Wokingham

Tel: 44-118-921-5869
Fax: 44-118-921-5820

07/01/05

DS93002A-page 12 Advance Information © 2005 Microchip Technology Inc.



	Introduction
	QEI Module
	FIGURE 1: Quadrature Encoder Interface Signals
	FIGURE 2: Quadrature Encoder Interface Module Simplified Block Diagram

	Application Example
	FIGURE 3: Typical Application with Simplified Schematic

	Initializing the QEI Module
	Enable Digital Filters
	FIGURE 4: Signal Propagation through Filter, 1:1 Filter Clock Divide
	Increment Pulse Counter
	FIGURE 5: Quadrature Encoder Signals in X4 Modes
	Reset Pulse Counter
	FIGURE 6: Reset by Index Mode
	Code Example
	EXAMPLE 1: Initializing the QEI Module

	Calculating Angular Position with QEI
	Code Example
	EXAMPLE 2: Calculating Angular Position with QEI

	Calculating Angular Velocity with QEI
	EXAMPLE 3: Timer1 Initialization to Generate 0.0075 Sec Periodic ISRs
	EXAMPLE 4: Angular Speed Calculation Example

	Conclusion
	TABLE 1: Summary of Variable Values and Resolution

	Trademarks
	Worldwide Sales


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


