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Automatiseeritud toostuslik juhtimissusteem

* Supervisory control and data acquisition (SCADA) —
susteem protsesside jalgimiseks, juhtimiseks ja
andmehoiveks toostuses, automaatikas,
elektrisusteemides ja teistes valdkondades

» Toovalja ja juhtimiskihi tasemel kasutatakse
programmeeritavaid kontrollereid (programmable logic
controller - PLC) ning kaugterminale (Remote Terminal
Unit - RTU) , minimalistliku andmesidet ja suhteliselt
kOrgete pingetega sisen/valjund liideseid
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Andurid toostusautomaatikas

Andur on seade mis muudab fuusikalise voi keemilise suuruse
moOdetavaks elektrisignaaliks.

 Fuusikalistest anduritest on enamlevinud
— Temperatuuriandurid

— Optilised, magnetilised, induktiiv ja mahtuvuslikud asendiandurid
— Rohuandurid

o« Keemilistest anduritest

— Elektrokeemilised (nt. pH andur)
— Gaasiandurid



Andurid toostusautomaatikas

* Andurid jagunevad passiiv- ja aktiivanduriteks

» Vastavalt valjundsignaalile jaotatakse
aktiivandurid:

— Digitaalandurid (mdddetav sisendparameeter on
muundatud digitaalseks signaaliks)

— Pseudodigitaalsed andurid (moodetav
sisendparameeter on muundatud sageduseks vOi
impulsi laiuseks)

— Lulitusandurid (vastavalt sisendparameetri
lavivaartusele lulitavad valjundi nivood voi kontakti

— Analoogandurid (sisendparameeter muundatakse
pingeks vOi vooluks)



Andurid toostusautomaatikas




Andurite liidesed (digitaalsed)

 PNP ja NPN tuupi andurid
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Andurite liidesed (digitaalsed)
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Andurite liidesed (digitaalsed)

NPN (Sinking)
Field Device Example
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Andurite liidesed (digitaalsed)

2. Expansion I/0 Unit Input Specifications

OMmRON

Item

Specification

Input voltage

24V DC *10%/_45o,

Input impedance

4.7 kKQ

Input current

5mA

ON voltage/current

14.4V DC min., 3.5 mA

OFF voltage/current

5.0V DC max., 1.1 mA

ON delay

1 to 80 ms max. Default: 10 ms (See note.)

OFF delay

1 to 80 ms max. Default: 10 ms (See note.)

Circuit configuration

N O—AAN,

T

come

Input LED

™

Internal circuits

Note: The input time constant can be setto 1, 2, 3, 5, 10, 20, 40, or 80 ms in the PC Setup.




Andurite liidesed (pseudodigitaalsed)

« Sagedusvaljund

— Valjundsagedus muutub vastavalt sisendile. Vastuvotja peab modtma
sagedust. " e

——
TIKE

| M N

——
o TIFIE

* Impulsilaiusmodulatsiooniga valjund

— Valjundsagedus on konstantne, pulsi laius muutub vastavalt
sisendsignaalile

Period

Duty Cycle 30%

Pulse Width
B — ]

Duty Cycle 50%




Andurite liidesed (analoog)

* Analoogsignaali lidesed jagatakse:

— Pinge sisend/valjund
« 0.5V
«0.10V
* -10..+10V

— Voolu sisend/valjund
* 0..20 mA
« 4.20 mA
* Pingevaljundiga liidese puuduseks on pingelang
juhtmetel ning tundlikus murade ja hairete
suhtes.



Andurite liidesed (analoog)

Item Voltage I/O [Current /O
Analog Number of inputs 2 (allocated 2 words)
inputs Input signal ranges Qto5V,1t05V,0to10V,-10to 10V 0to 20 mA, 4 to 20 mA
Maximum rated input H5V 130 mA
External input impedance 1 MQ min. Approx. 250 Q
Resolution 1/6,000 (full scale)
Overall precision 252 C:40.3% of full scale 25°C:40.4% of full scale
0 to 55° C:20.6% of full scale 0 to 55° C:10.8% of full scale
Converted A/D data Binary data (4-digit hexadecimal)
—10 to 10 V: F448 to 0BB8 Hex full scale
Other:0000 to 1770 Hex full scale
Averaging Supported (set for each input with DIP switch)
Disconnected line detection Supported
Analog Number of outputs 1 (allocated 1 word)
output Output signal ranges 1t05V,0t0 10V, -10to 10V 0to 20 mA, 4 to 20 mA

External output allowed load resistance

1 kQmin.

600 Qmax.

External output impedance

0.5 Q@ max.

Resolution

1/6,000 (full scale)

Overall precision

25° C:40.4% of full scale

0 to 55° C:4#0.8% of full scale

D/A data setting

Binary data (4-digit hexadecimal)
—10to 10 V: F448 to OBB8 Hex full scale
Other:0000 to 1770 Hex full scale




Vooluvaljundiga analoog liides

Vooluvaljundiga anduri valjundiks on sisendparameetrist soltuv vool.

Vooluvaljundiga anduri signaali voib edastada erinevalt pingevaljundi
signaalist pika vahemaa taha kuna haired mojutavad seda vahe.

Enim kasutatav standard on 4-20 mA kus vahim mooddetav vaartus vastab 4
mA voolule ja suurim 20 mA voolule.

Signaaliahela viga - katkestus voi lUuhis, on kergesti tuvastatav.
How a 4-20mA Transmitter Works

DCS / PLC
Flow Transmitter I Analog Input Card
Range : 0 to 100 m3/hr I + 24V DC, 20mA
|
20 mA -
|
. T ! >
‘ Transmitter I V = 4x250 C
. Regulates . 250 Q
JR° output to 4mA |
as Flow is D
Present Flow Value = 0 I
FIELD | CONTROL ROOM

InstrumentationTools.com



Taiturid

 Taitur on uldjuhul juhitav mehhaaniline seade

 Taituriks vOib lugeda ka optilist kiirgust, heli,
soojust jne. tekitavat seadet
» Taitureid liigitatakse kasutatave energiaallika
jargi:
— Elektrilised
— Pneumaatilised
— Hudraulilised

— Mehhaanilised



Taiturid

» Taitureid juhtitakse juhtseadme poolt
analog voi digitaalvaljundite kaudu.

» Koige lintsamal juhul uhendatakse taitur
otse vOi labi relee/optroni juhtseadme
valjundisse (indikaatorid, klapid, ventiilid
jne.).

» Keerulisemate taiturite puhul toimub
juhtimine labi spetsiifilise kontrolleri (nt.
mootorid, servod).



Juhtseadme valjundid

» Valjundid jagatakse:
— Digitaalne
* pinge, 0/24 V
e sagedus

 impulsilaius modulatsioon
 paralleel vOi jadaliides

— Analoog
* pinge, 0..5V; 0..10 V; -10..+10V
e vool, 4..20 mA



Juhtseadme valjundid

Relay Output

Iltem Specification

Max. switching capacity 2 A, 250V AC (coso=1)
2A,24VDC
(4 A/lcommon)

Min. switching capacity 10 mA, 5V DC

Service life of relay

Electrical: 150,000 operations (24- V DC resistive load)
100,000 operations (240- V AC inductive load, cosg = 0.4)
Mechanical:20,000,000 operations

ON delay 15 ms max.
OFF delay 15 ms max.
Circuit configuration - - - - ]
#— Output LED ’
. ou
=== =7 =1
& e Qe
Internal COoM
" | circuits
Qu
- —_— - —_— - |_ I
: jhl 1: +¥

- - - -TCOM




Juhtseadme valjundid

Transistor Outputs (Sinking or Sourcing) for CPU Units and Expansion /O Units

Item

Specification

Max. switching capacity

CPU Units with 10 or 20 1/O Points

01000 to 01007: 40 mA at 4.5V DC to 300 mA at 20.4 V DC, 300 mA (20.4 to 26.4 V)

CPU Units with 32 I/O Points

01000 to 01007: 40 mA at 4.5 V DC to 300 mA at 20.4 V DC, 300 mA (20.4 to 26.4 V)

01100 to 01107: 40 mA at 4.5 V DC to 100 mA at 20.4 V DC, 100 mA (20.4 to 26.4 V) (See note.)
Expansion I/O Units

017J00 to 01[107: 40 mA at 4.5 V DC to 300 mA at 20.4 V DC, 300 mA (20.4 to 26.4 V)

01008 to 01[115: 40 mA at 4.5 V DC to 100 mA at 20.4 V DC, 100 mA (20.4 to 26.4 V) (See note.)

Min. switching capacity

0.5mA

Max. inrush current

0.9 A for 10 ms (charging and discharging waveform)

Leakage current

0.1 mA max.

Residual voltage

0.8 V max.

Item

Specification

Circuit configuration

Sinking Outputs

Sourcing Outputs




Ventiilid, klapid, solenoidid
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Elektrimootorid

 Alalisvoolumootorid

— Harjadega

— Harjavaba (vajab kontrollerit)
* Vahelduvvoolumootorid

— Asunkroonmootor

— Sunkroonmootor

— Samm-mootor



Samm-mootor

Eelised:
— Lihtne juhtida
— Suur hoidemoment
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— Vaike voimsus
— Madal Kkiirus

4-Phase Stator é
— ep, ar
T+ N ¥ : :

e

Control
Multi- Toothed A =
Magnetic Rotor
Ov

'g)

www.electronics-tutorials.ws
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BLDC
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Enkoodrid

Asendiandur
— lineaarenkooder
— poordenkooder

— Inkrementaalenkoodrid
— absoluutenkoodrid ~ Quadrature

1o Transition”
' “Hi" State

Al - == “L0" State
CW 5 _J_

Channel A leading B

Eo) B -
CCW »
B

Channel B leading A




Analoog-digitaalmuundid

» Analoogsignaal on pidev nii ajas kul
vaartuses

 Muundamise kaigus fikseeritakse
analoogsignaali vaartus kindlatel
ajahetkedel — diskreetimine

» Signaali vaartus kindlatel ajahetkedel
moodetakse |0opliku tapsusega -
Kvantimine



Diskreetimine

* Nyquist-Shannon-Kotelnikovi teoreem:

— Kui signaali s(t) ribalaius on B hertsi, siis on
see signaal taielikult maaratud disreetsete
valjavotetega ajavahemike 1/2B sekundi
tagant.

Diskreetimissagedus peab olema vahemalt
kaks korda korgem, kui analoogsignaall
sagedusriba.



Diskreetimine



Alias

» Kui Nyquist-i kriteerium el ole taidetud
tekivad diskreetimise kaigus
sageduskomponendid mida esialgses
signaalis el eksisteerinud
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0 1 2 2 . 9 10
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Imine
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Kvantimismura




AD ja DA muundite parameetrid

» Resolutsioon

* Tapsus

» Kvantimissagedus (sampling rate)
» Sisend/valjundpinge piirkond

» Toitepinge

» Tarbitav vOimsus

* Liides



AD ja DA muundite parameetrid

* |deaalne ADC

A
1M1 77
110 —
101

Output _

code 100

—J¢— Perfect ADC

011 — \

010

001 —| [

000 | | I | | I | >
0 0.25 0.5 0.75 1.0 1.25 1.5 1.75 2.0

Analog Input



AD ja DA muundite parameetrid

o Offset error

Output
code

111
110
101
100 —
011 - A

010 ]

000

A

Ideal ADC —*-~

Perfect ADC !
+——Actual ADC

001 — i

. -1.5LSB Offset

| i | | | | | >
0 0.25 0.5 0.75 1.0 1.25 1.5 1.75 2.0

Analog Input [V]




AD ja DA muundite parameetrid

« (Gain error

Output 194 — -~~~ """ttt mTmmmmmmmsmmmmes

code

110 —

0 Actual ADC —»

100 —

011 ] I‘_"'J
.-"4+—Ideal ADC

010 —

001 —

ra
r
-
#

1.5LSB error

Y

000 | | ] | |
075 10 125

Analog Input [V]

| | |
1.5 1.75 2.0



AD ja DA muundite parameetrid

Nonlinearity

'y
111 Actual ADC —|
110 — :: |
10171 0.5LSB wide,
Output | DNL =-0.5LSB
code 100
011 —
010 / P 1.5LSB wide,
01 — Py ’Jr: DNL = +0.5LSB
(,ri—ldem ADC
000 i | | | | ' | —

0 0.25 0.5 0.75 1.0 1.25 15 1.75 20
Analog Input [V]



AD ja DA muundite parameetrid

Missing code

2LSB, DNL = +1LSB

111 = < ¥ > =
’,"H+
110 — 1 Ideal ADC

101 - 1-25LSB ——
DNL = +0.25LSB

Output

code 1007 -+ Missing code

011 7

«——Actual ADC

010 —

001 7

A J

0oo ! | ! I ! | l |

0 025 0.5 075 1.0 125 1.5 1.75 2.0
Analog Input [V]



Integraalloogika elemendid ja tehnoloogia

5V CMOS 5V TTL
(HC TTLin / CMOSout
AHC (ACT, HCT
AC) AHCT)
Vee
5.07 ¢ I 500 Yp I 5.00
Voh||® 4.44 Voh||® 4.44
4.0
Vihd 350
30 e
(V. 2.50
2.0 - vih U 2.00
Vil - 150Vt e 1.50
1.0 1 Vil 0.80
Vol I 0.50 Vol HI 0.50
0.0+ 5.q 1000 .~ =%0.00
Compa- <

tibility: = -

5V TTL
(STD
H, LS

HS, ALS)

Vcc

5.00

2.40
2.00

0.80

Gnd 0.00

= (5V-tolerant inputs!)

o

Data source: EETimes, A brief recap of popular logic standards (Mark Pearson, Maxim).

3.3V 2.5V 1.8V CMOS
TTL & CMOS TTL & CMOS (AVC)
(LvV,
LVT
ALVT
LVC,
ALVC)
Vcc 3.30
......... I...............................................3 00
Voh Vv 2.50
0 2.40 Vc(;ﬁ |:| B> 30
Vih 2.00
Vih 1.70 Vcce - I 1.80
Vt e 1.50 voh||H 1.35
Vt ........ 120 Vlh | 117
Vig o080  vil . 070 vy o999
Vol |:|I 0.40 Vol |:|I 0.40 Vol I 0.45
Gnd 0.00 Gnd 0.00 Gnd 0.00



ESD

« ESD kaitsedioodid mikroskeemide valjavikudel

VoD
Fan

Input




Loogikanivoode konverteerimine

Lo
3.3V 5V logic in
;R
16K 3.3V logic out
T i
3.39 > Gy |
BAT43




Mikrokontrollerid

vt. https://www.youtube.com/watch?v=urgPobwPOzs

Microprocessor

Oscillator
0 - 40MHz

< Microcontroller



Von Neumann vs. Harvard
Architecture

Memory
Data + Code

Program
Memory

Data Address

Instruction \ariable
Data address address
o /O
Devices Devices
Von Neumann Machine Harvard Machine



Atmel ATmega328

Block Diagram
Figure 4-1. Block Diagram

debugWire

Clock generation

EEPROM

woSR>HP0
MERPFPAHAPD HEO0—-=2-—

ADCE ADCT,PC[5:0] —= ADC[7:0]
AREF -4  AREF

PD[7-0], PCI5:0], PB[7:0] ~# PCINT[23:0]
PD3, PD2 — INT[1:0]

PB1, PB2 -+— OC1AB
PO5 — T
PBO — ICP1
w2 = (e s

PD3 =+— OQCIB

RxD0
TxDO
XCKO

SDAD
SCLO

-+— D0
— D1
-4 714

-4 PC4
-~ PCS

PB[7:0]
PCI6:01
PO{7-00

TO -
OCoA
OC0B

—
—
MISO0 -
MOS0 -
SCKD -
550 -
-

AIND
AlMA -

PD4
PD&
PD5

PB4
PB3
PBS
PB2

PD&
PDT

ADCE, ADCT
PCI50]




<<
  /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
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


