
www.opal-rt.com

OP6221 Base Module 
User Guide



OP6221 User Guide 2

Base Module 




  
3  OP6221 User Guide 

Base Module 
ArchitectureOverview

BASE MODULE 

INTRODUCTION 

Thisdocumentcontainssectionspertainingtotheinstallation,architectureandfeaturesoftheBase
module.

AllsimulatorshaveaBasemodule,whichcontainsadigitalcontrollerthatdrivesthesimulatorchassis.
Italsocontainsthepowermodingcircuitrythatdrivesthepowerbus.

Theboardhasthefollowingcapabilities:

• Monitoringoftheoperatingpowersupply(simulatorpower)providedtoallmodules
• Controlofthepowermodingcircuitrywhichresidesonthepowerbackplaneanddrivesthepower

bus
• Aserialinterface,providedtoanalyzetheconnectionofserialtoolstotheECU.

Theboardprovidesthefollowingbenefits:

• Cableandharnessidentification
• Moduleidentificationandlisting
• Onsitefirmwareupdates
• Triggeroutputbasedonenginepositionforeasylogicanalyzerandoscilloscopecaptureofhigh

speedtransient

ARCHITECTURE OVERVIEW 

Figure8:BaseModuleblockdiagramwiththeFPGAengine
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The“BaseModuleFirmwareBlockDiagram”showstheblockdiagramoftheBasemodule’sembedded
firmware.Thefirmwareismainlycomposedofthefollowingelements:

• CommunicationBusInterface
• BatteryControlModule
• KeySwitchModule
• RailControlModule
• CANTermination
• SerialLine(State&TransitionCounters)
• SynchronizationUnit
• PositionSynchronizationModule

Figure9:BaseModuleFirmwareBlockDiagram
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BOARD FEATURES 
I/O Connections 

TheI/Osignalstableliststhesignalsavailableontheexternalconnectorandonthesystem’s
backplane.

Elco Eq. 
# (female)

Elco Pin 
name 

(female)

Signal Name in Analog 
Module Schematic 

(2003/10/07)

Input 
Line

Output 
Line

Refe-
rence

DIN 
96/J7A

1 A OUT_A0  x 2.x.2 A2
2 B REF_L2 x  2.x.3 C1

Female
ELCO Connector

56 pins
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3 C REF_L0 x  2.x.3 B1
4 D REF_H0   2.x.1 A1
5 E REF_L4 x  2.x.3 C3
6 F REF_H1 x  2.x.1 B3
7 H OUT_A1  x 2.x.2 A3
8 J PROTO0 x x 2.x.5 C2
9 K PROTO1 x x 2.x.5 B2
10 L OUT_A3  x 2.x.2 A5
11 M REF_L5 x  2.x.3 C4
12 N REF_H2 x  2.x.1 B4
13 P OUT_A2  x 2.x.2 A4
14 R REF_L7 x  2.x.3 C6
15 S REF_H4 x  2.x.1 B6
16 T OUT_A4  x 2.x.2 A6
17 U REF_L6 x  2.x.3 C5
18 V REF_H3 x  2.x.1 B5
19 W OUT_A6  x 2.x.2 A8
20 X REF_L8 x  2.x.3 C7
21 Y REF_H5 x  2.x.1 B7
22 Z OUT_A5  x 2.x.2 A7
23 a REF_H7 x  2.x.1 B9
24 b OUT_A7  x 2.x.2 A9
25 c REF_L9 x  2.x.3 C8
26 d REF_H6 x  2.x.1 B8
27 e OUT_A8  x 2.x.2 A10
28 f REF_L10 x  2.x.3 C9
29 h REF_L11 x  2.x.3 C10
30 j REF_H8 x  2.x.1 B10
31 k OUT_A10  x 2.x.2 A12
32 l REF_L12 x  2.x.3 C11
33 m REF_H9 x  2.x.1 B11
34 n OUT_A9  x 2.x.2 A11
35 p REF_H11 x  2.x.1 B13
36 r OUT_A11  x 2.x.2 A13
37 s REF_L13 x  2.x.3 C12
38 t REF_H10 x  2.x.1 B12
39 u OUT_A13  x 2.x.2 A15
40 v REF_L15 x  2.x.3 C14
41 w REF_H12 x  2.x.1 B14
42 x OUT_A12  x 2.x.2 A14
43 y REF_L14 x  2.x.3 C13
44 z REF_H14 x  2.x.1 B16
45 AA OUT_A14  x 2.x.2 A16
46 BB REF_L1 x  2.x.3 C15
47 CC REF_H13 x  2.x.1 B15
48 DD ID_CBL0 x  2.x.4 A18
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Elco Eq. 
# (female)

Elco Pin 
name 

(female)

Signal Name in Analog 
Module Schematic 

(2003/10/07)

Input 
Line

Output 
Line

Refe-
rence

DIN 
96/J7A

49 EE ID_CBL  x 2.x.4 C17
50 FF REF_H15 x  2.x.1 B17
51 HH OUT_A15  x 2.x.2 A17
52 JJ REF_L3 x  2.x.3 C16
53 KK ID_CBL4 x  2.x.4 C20
54 LL ID_CBL3 x  2.x.4 C19
55 MM ID_CBL2 x  2.x.4 A19
56 NN ID_CBL1 x  2.x.4 C18

Note:ArtworkwasdoneusingElcoMaleandfemaleconnectorwasusedduringassembly

Table 4: Base Module DIN I/O Signal Description  

MODULE LEDS 

Eachmodule’sstateisdisplayedusing3LEDs:

LED Indicator Description

Green Power Indicatesthatthedigitalpowersupplyfor5Vor3.3Varewithinthevalidityrange.ThisLEDis
notsoftwarecontrolled

Yellow Activity DrivenbytheFPGA.ThisLEDindicatesthattheFPGAhasbeenconfiguredandthe
communicationhasbeenresetbythereal-timeunit(RTU).ThisLEDshowsthattheFPGA
engineofthemoduleisabletocommunicatewiththeRTU

TheyellowLEDindicateserrorcodeswhentheREDledisON:

• Noblink:generalerror
• 2blinks:theFPGAmoduleisnotprogrammed,youneedtoperformflashupdate

operation.
• 3blinks:theFPGAfirmwaredoesnotcorrespondtocurrentmodule.(e.g.TheFPGAis

programmedforaBaseModulebutisinsertedonSwitchModule.)
Red Fault DrivenbytheFPGA.ThisLEDindicatesthatafaulthasbeendetectedinthesystem.These

faultsare,butarenotlimitedto:overtension,overcurrentandsoftwarefault.Othersoftware
faultsareraisedunderthefollowingconditions:

• Invalidconfiguration,e.g.Enablingseveralpowerrailsforanoutputsignal
• Invalidoutputdriverselection
• Invalidmodelconditions

TheFPGApreventsinvalidconfiguration,however,itletsthefaultLEDsinformtheoperatorofan
abnormalcondition.Inaddition,theerrorisreportedtothemodel.
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SYSTEM IDENTIFICATION 
Cable Identification (ID_CBL5-0) 

Thesefiveinputsignalsareusedbythereal-timeunittoidentifywhichharnessconnectorisattachedto
themodule.Eachofthesesignalsispulledupto5Vthrougha100kΩresistor.Whentheharness
connectorispluggedintothesimulatoritgroundstheselectedsignalstoprovidethesimulatorwiththe
cableID(see“CableIdentification”).Forexample,ifthefirstandfourthsignals(ID0andID3)are
shortedtotheground,thesimulatorreturns22(10110)forthecableID.

Figure10:CableIdentification
Harness Identification (ID_HRNS15-0) 

16harnessIDsignalsareprovided.Eachofthesesignalsispulledupto5Vthrougha100kΩ
minimum,resistor.HarnessIDisdeterminedbythegroundedsignalsasexplainedintheprevioussub-
sectionCableIdentificationandisillustratedinFigure10.

ECU SERIAL INTERFACE 

ThisfeatureprovidesyouwithafrontpanelinterfacebetweentheECUandadiagnosticscantool.
Signalsareroutedfromtheharnesstothefrontpanel.Thesesignalsarehookedtofemalebananajack
(Figure13)andD-Shell9PinConnectors.asshowninthefollowingtables.Youareabletomonitorthe
activityonthesignalsshowninTable5.Theinputsareoperatingvoltagetolerantandhaveaninput
impedancegreaterthan100kΩ.Thestateoftheinputismonitoredoveraonesecondwindowsampled
at1kHz.Allvoltageslistedarederivedfromtheharnessconnector.

Figure11:CANMonitor/Termination
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FortheK-Line,CAN1-HI,CAN2-HIandLSCANinputlines,thesenseunitindicatesahighwhenthe
inputvoltageisabove3.0Vandalowwhentheinputisbelow2.8V.FortheJ1850,thesenseunit
indicatesahighwhentheinputvoltageisabove4.1Vandalowwhentheinputisbelow3.8V.The
senseunitprovidesthesimulatorwiththreevalues:thedigitalcurrentstate,theanalogcurrentstate
andthetransitioncount.

Figure12:FrontPaneloftheBaseModule

Item Signal

1 PrimaryJ1850

2 K-line

3 CAN1-High

4 CAN2-High

5 LS-CAN

Table 5: Monitored Serial Signals 
Jack Number Signal

1 PrimaryJ1850

2 SecondaryJ1850(Ground)

3 +12V

4 K-line

5 +12V

6 Ground

7 CAN1-Low

8 CAN1-High

9 CAN2-Low

10 CAN2-High

11 LS-CAN

12 Ground

Table 6: Serial Signals to Banana Jacks 

FAULT
ACTIVITY
POWER

RESET

TRIG OUT

1 2

3 4

5 6

7 8

9 10

1211

1

2

3

BASE

#1
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Serial Interface D-Shell 9 Pin Connectors 

ThesignalsshowninTable7areroutedfromtheharnessconnectortoD-Shell9PinConnectors
mountedonthefrontpaneloftheBasemodule.

DB9 Connector # Signal DB9 Pin ELCO 56

1 CAN1-Low 2 B

CAN1-High 7 C

2 CAN2-Low 2 E

CAN2-High 7 J

3 LS-CAN 2 M

Ground 7 h

Table 7: Serial Signal List 9 Pin D 
CAN Termination 

Youcanactivateaterminationresistor(120O)betweeneachpairofCANsignals(CANXHIandCAN
XLO.)LSCANterminationresistorisbetweenLSCANandgroundandithasavalueof2.2kΩ.

Serial Line Module (ADC Controller) 

Theseriallinemodulemonitorsseriallines.Italsocontrolsanalogtodigitalconverterstostorethestate
oftheanaloglineinastatusregister.
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POWER MODING 

Powermodingtakesthebatteryinputandcreatesmodedpowerthatisoutputthroughthepowerbus
androutedtotheoutputbanana-jacksatthebackofthechassis(seeFigure13).TheBatteryInput
isprotectedwitha25Afuseandeachofthemodedpoweroutputoperatesupto25A.Thepower
backplaneisdesignedwithlowresistancebetweenthebatteryinputandanyofthemodedpower
outputsfeaturinglessthan25mΩ.

Figure13:Input&OutputPowerBananaJacks

ThestateofthepowermodedoutputsiscontrolledasshowninTable8.Foreachmode,eachoutput
settoHIisshortedtothebatteryinputoropenedwhensettoLO.

Thereareeightpowermodes.Thepowermodingstatesarecompletelyprogrammable.Inadditionto
theshownmoding,thestateofaparticularrailiscontrolledbytherailenableinput.

Themodedoutputsaregatedbytherailenableinput.Anychangesmadetotherailenableinputis
immediatelyreflectedinthestateofthepowermodingoutputs.Seethe“RailEnable(Din_Rail_En_
Inp)”sectionformoredetails.

Mode Moded Power Outputs

ACC RADIO CRANK IGN3 IGN1 IGN0 UD1 UD2

ACC HI HI LO LO LO LO LO LO

OFF/
LOCKED

LO LO LO LO LO LO LO LO

UNLOCK LO LO LO LO LO HI LO LO

RUN HI HI LO HI HI HI LO LO

CRANK LO LO HI LO LO LO LO LO

OFF LO LO LO LO LO LO LO LO

SPARE1 LO LO LO LO LO LO LO LO

SPARE2 LO LO LO LO LO LO LO LO

Table 8: Power Moding 

NOTE: when the battery line is disabled, all moded outputs are opened. 

OUT
IN

BATT ACC RADIO CRANK IGN 3

IGN 1 IGN 0 MP S1 MP S2 GND GND

BATT ECU 5V

+

+ +
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Battery Control 

Youcancontrolthestateofthebatteryline.Whenthebatterylineisdisabled,theconnectionbetween
thebatteryinputandthebatteryisopened(seeFigure8).

Simulator Power 

Allmodulepowerissuppliedbytheinternalpowersupply.Theinputpowertothesimulatorisa
standard120/220VAC60/50Hzinput.

Thesimulatorpowerismonitored.Whenitdeviatesfromtheacceptableoperatingrange,anerroris
generatedandthechassisprotectsitselfandtheECU.Thisactioncouldinclude,butisnotlimitedto:
droppingintoanunconfiguredstateorshuttingdownuntilerrorcircumstanceshavebeencorrected.
ThegroundforallofthemodulesandthepowergroundusedbytheECUaretiedatasinglepointin
theBasemodule.

Figure14:PowerModingDiagram

BATTERY CONTROL 

Batterycontrolactsonthestateofthebatteryline.Acontrolregisterallowssoftwaretosetthestateof
theoutputline.Also,astatusregistermonitorsthecurrentstateofthebatteryline.

RAIL CONTROL 

Railcontrolactsontherailenablesignal.Itallowsyoutodisableallthelinesortodisableeach
lineindividually.Twocontrolregistersareusedtosettheactivestateoftherailenablesignalandto
determinethestateofeachline.

KEY SWITCH STATE 

KeySwitchStatecontrolsthestateofthepowermodingcircuitry.Acontrolregisterallowssoftwareto
setthestateoftheoutputlines.Also,astatusregistermonitorsthecurrentstateofthepowermoding
circuitry.Eachlinecanbedisabledindividuallyaccordingtotherail_maskinput.



ACC
RADIO

CRANK

IGN3

IGN1

IGN0

BATT

Keyswitch

Mode

Controller

INPUT
POWER

MP SPARE1

MP SPARE2

120/240 VAC 50 /60 Hz
Internal Power Supply

Simulator Power

POWER
GND

POWER
GND

SIM POWER
GND

POWER
SWITCH

Rail Enable

ECU 5VECU 5V

AC INPUT

Battery Controller

- Keyswitch
- Rail Enable Designator
- Rail Enable Polarity
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Rail Enable (Din_Rail_En_Inp) 

Thishighimpedanceinput(>100kΩ)isusedtocontrolthestateofthepowerrailselectedbytherail
enabledesignator.TheactivestateofthisinputisdeterminedbytheRailEnablePolarityvariable.
Thestateofthissignalisbasedona3.5thresholdvoltagewithhysteresis.Whentheinputisabove
thethresholdvoltage,itisconsideredhigh.Whentheinputvoltageisbelowthethresholdvoltage,
itisconsideredlow.Theappropriatebiasvoltageisappliedtotheinput,bythesimulator,toprevent
accidentalassertionofthepowerrail.

TRIGGER OUT 

ThisfeatureoutputsasynchronizationsignalontheBasemoduleBNCthatisavailableonthefront
panelinordertosynchronizeacapturedevicesuchasanoscilloscopeoralogicanalyzer.

Itcangenerateatriggerlasting200nsbasedoneitherthemodelsynchronization,thehighresolution
signaloratriggerwhentheenginepositionreachesaspecifiedvalue.

SYNCHRONIZATION 
Asynchronizationpulsethatcorrespondstothestartofacalculationstepisgeneratedtoenable
synchronizationbetweenthedifferentmodulesofthechassis.Becausemanyoperationsaretime
related,thispulseisusedtolatchdata(preservethecontentsofthepreviouscalculationstep)andto
resetregistersand/orcountersforthenexttimeinterval.

FIRMWARE UPDATE 

TestDrivemodulessupportarobustremotefirmwareupdatemechanism.Thismechanismiscapable
ofrecoveringfromafailuretoupdateFPGAconfigurationdataduetouncontrolledcircumstances
suchasapowerfailure.Inordertorecoverfromsuchanincident,theFPGAengineincludesanFPGA
SafeConfigurationDataFlashmemorydevice.Thismemorydeviceholdsabootstrapapplicationcode
thatiscommontoallOpal-RTmodules.ThesemodulesareminimalcomponentsofanyOpal-RTIO
controllerapplicationallowingamoduletobereprogrammedwhilethemodelapplicationisinpause.
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