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REFERENCE PULSE GENERATOR MODULE 

INTRODUCTION 

TheReferencePulseGenerationModule(RPG)servesastheinterfaceforallenginesynchronous
inputandoutputsignals.TheRPGgeneratesmultiplesignalpatternsataselectedRPMvalueand
measuressparkandinjectorsignaltimings.

Theboardexhibitsthefollowingcapabilities:

• 13referencepulsegenerationchannelswitha0.1degreeresolution
• 24EngineSparkTiming(EST)orInjectorinputs
• Knockgenerationusinganarbitrarywaveformgeneratororanexternalsignal
• Cableandharnessidentification
• Moduleidentificationandlisting
• Onfieldfirmwareupdate

ARCHITECTURE OVERVIEW 

Figure24showstheblockdiagramfortheReferencePulseGenerationModulewiththeFPGAengine.

Figure24:ReferencePulseGenerationModuleElectronicBoardDiagram
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Figure25:ReferencePulseGenerationModuleFirmwareDiagram

Thefirwarediagram(above)showstheReferencePulseGenerationmodule’sembeddedfirmware
diagram.Thefirmwareismainlycomposedofthefollowingelements:

• CommunicationBusInterface
• EngineSynchronousPatternGenerationModulefeaturingPositionEncoderandPattern

GenerationModules
• EventCapturemoduleforEST/Injectorevaluation
• KnockControlModule
• PowerRailSelectionModule
• SynchronizationUnit
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BOARD FEATURES 
I/O Connections 

Table14liststhesignalsavailableontheexternalconnectorandonthesystem’sbackplane.

Elco Eq. 
# (female)

Elco Pin 
Name (female)

Signal Name in Resistive 
Module Schematic

Input 
Line

Output 
Line

1 A INP1 x
2 B USR0 x
3 C DIN_B1 x x
4 D INP0 x Female

ELCO Connector
56 pins

H
DC

J K
BA

F
M N P

E
L

T U VS
X Y Z

R
W

c db
f

a
e

jh
m nl

r s t
k

p
w x yv

AA BB CC
u

z
FF HH JJEE

LL MM NN
DD

KK

5 E USR2 x
6 F DIN_B3 x x
7 H INP2 x
8 J USR1 x
9 K DIN_B2 x x
10 L INP4 x
11 M USR3 x
12 N DIN_B4 x x
13 P INP3 x
1 R USR5 x
15 S DIN_B6 x x
16 T INP5 x
17 U USR4 x
18 V DIN_B5 x x
19 W INP7 x
20 X USR6 x
21 Y DIN_B7 x x
22 Z INP6 x
23 a DIN_B9 x x
24 b INP8 x
25 c USR7 x
26 d DIN_B8 x x
27 e INP9 x
28 f USR8 x
29 h USR9 x
30 j DIN_B10 x x
31 k INP11 x
32 l USR10 x
33 m DIN_B11 x x
34 n INP10 x
35 p
36 r
37 s USR11 x
38 t DIN_B2 x x
39 u
40 v
41 w
42 x
43 y
44 z
45 AA
46 BB
47 CC
48 DD ID_CBL0 x
49 EE ID_CBL x
50 FF
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Elco Eq. 
# (female)

Elco Pin 
Name (female)

Signal Name in Resistive 
Module Schematic

Input 
Line

Output 
Line

51 HH
52 JJ
53 KK ID_CBL4 x
54 LL ID_CBL3 x
55 MM ID_CBL2 x
56 NN ID_CBL1 x

Table 14: Reference Pulse Generation Module DIN I/O Signal Description 

MODULE LEDS 

Eachmodule’sstateisdisplayedusing3LEDs:

LED Indicator Description

Green Power Indicatesthatthedigitalpowersupplyfor5Vor3.3Varewithinthevalidityrange.ThisLEDis
notsoftwarecontrolled

Yellow Activity DrivenbytheFPGA.IndicatesthattheFPGAhasbeenconfiguredandthecommunicationhas
beenresetbythereal-timeunit(RTU).ThisLEDshowsthattheFPGAengineofthemoduleis
abletocommunicatewiththeRTU

TheyellowLEDindicateserrorcodeswhentheREDledisON:

• Noblink:generalerror
• 2blinks:theFPGAmoduleisnotprogrammed,youmustperformflashupdateoperation.
• 3blinks:theFPGAfirmwaredoesnotcorrespondtocurrentmodule.(e.g.TheFPGAis

programmedforaPulseDrivenLoadModulebutisinsertedonSwitchModule.)
Red Fault DrivenbytheFPGA,theLEDindicatesthatafaulthasbeendetectedinthesystem.These

faultsare,butnotlimitedto:overtension,overcurrentandsoftwarefault.Othersoftwarefaults
areraisedunderthefollowingconditions:

• 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(seeFigure3).Forexample,ifthefirstandfourthsignals(ID0andID3)areshortedtothe
ground,thesimulatorreturns22(10110)forthecableID.

Figure26:CableIdentification
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ENGINE SYNCHRONOUS PATTERN GENERATION 

(DIN_RP1-8, DIN_CAM1-4, DIN_TDC) 

Enginesynchronouspatterngenerationmoduleallowsgenerationofdigitalpatternaccordingto
specifiedenginespeed.Signaldefinitionisdoneaccordingtorisingandfallingedgepositionsin
degrees.

TheRPGmodulehasatotalof13configurableoutputchannelsand2fixedreferenceoutputs(Ref
pulse,RESET).Thefollowingtabledescribespossiblevoltagelevelsforeachoutput.

Signal 0-5V 0-IGN1 ±12V Open Drain

RefPulse X

TDC X

Reset X

CamPhaser1-4 X X X X

UserDefinedRP1-3 X X X X

UserDefinedRP4-8 X X

Table 15: RPG Output Voltage 

OPERATION 

Atthemodellevel,youfirstneedtosupplypatterndefinitions.ThisisdoneusingaMATfilewithacell
arraythatcontainsadatasetofpatterndefinitionsforeachchannel.

Whenrunningthesimulation,selecttheRPMvalueandthecurrentdatasettobeused.TheRPG
outputsarecontinuouslyupdatedaccordingtotheRPMselection.ForCAMPhaser1-4channels,you
canspecifyaphaseoffsetindegreesforthepatterndefinition.

RPGoutputsareprotectedforovercurrentusinganinternalmechanismthatwillautomaticallydisable
faultychannels.Youcanre-enableachannelbyacknowledgingtheerrorfromtheuserinterface.

Figure27:OutputstageoftheEngineSynchronousPatternGenerationmodule
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EVENT CAPTURE MODULE (DIN_EST0-23) 

Theeventcapturemoduleallowsyoutomonitordigitalsignaltoextractpulserisingandfallingedgein
degrees.InatypicalECUconfiguration,allsparksandfuellineswillbeconnectedtotheEventCapture
module.

Operation 

TheEventCapturemodulerequiresanenginesynchronousdigitalsignal(0–5Vor0-12V)tobe
connectedtotheinput.Thesoftwareextractsallrisingandfallingtransitiontimesandconvertsthemto
degrees.Foreach720degreesperiod,theuserinterfacedisplaysthepulsestartandendpositionin
degreesanddisplaysanerrorcodeifnoorhalfapulseisdetected.Thelatchingpointofpulsepositions
isconfiguredinthemodel.Bydefault,eachchannelislatchedwitha60degreesincrement,e.g.INJ0is
latchedat60degrees,INJ1islatchedat60degrees,INJ2islatchedat120degrees.)

Knock 

TheknockfeatureisnotavailableonthecurrentRPGboards.Itwilleventuallyallowyoutosimulate
knockforeachcylinderusingexternalsignalsandarbitrarywaveforms.

SYNCHRONIZATION 

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

FIRMWARE UPDATE 

TestDrivemodulessupportarobustremotefirmwareupdatemechanism.Thismechanismiscapable
torecoverfromafailuretoupdateFPGAconfigurationdataduetouncontrolledcircumstancessuch
asapowerfailure.Inordertorecoverfromsuchanincident,theFPGAengineincludesanFPGASafe
ConfigurationDataFlashmemorydevice.Thismemorydeviceholdsabootstrapapplicationcode
thatiscommontoallOpal-RTmodules.ThesemodulesareminimalcomponentsofanyOpal-RTIO
controllerapplicationallowingamoduletobereprogrammedwhilethemodelapplicationispaused.
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