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Analog Sensor module
Specifications

ANALOG SENSOR MODULE

INTRODUCTION
ThepurposeofthissectionistodescribetheAnalogSensorModule–anI/Osignalconditioning
modulethatispartoftheTestDriveSystem.Itincludesanoverviewofthemodule’sfunctions,it’s
specificationsandfeatures,technicaldetails,andadescriptionofthecontextofuse.

Thisdocumentisintendedforrun-timeanddevelopmentuserstoimplementtheASMaspartof
TestDrive.Supportengineersmayalsousetheinformationfromthisdocumenttotroubleshoot
technicalissues.

TheASMisusedtosimulateanalogsensorsignalstoanElectricalControlUnit(ECU).Whenused
withtheTestDrivesystem,itiscapableofprovidingsensorfunctionalitiesrequiredinallsimulator
applicationsfortheautomotiveindustry.SimulationresultsarestrengthenedbytheASM’sabilityto
provideratiometricoutputsforuserdefinedHighandLowvoltagereferencesoneachchannel.

Figure1showshow,throughtheASM,theuserisabletocontrolKsothatthedesiredVOUT
(betweenVREF_HIandVREF_LOW)isobtained.(RangingfromVREF_LOWtoVREF_HI).

Figure1:AnalogSensorModuleFunction

SPECIFICATIONS

Outputs Characteristics (Per Channel)

16Channels

Resolution 12bits Accuracy 1%

Voltage output 
(impedance > 
100KΩ)

VO(min) 0V Ratiometric:Linearoutputrangebetweenhigh&
lowreferences
Linearization:possibleforlast4channels

VO(max) 16V

Voltage Protection VREF_L(min)

VREF_H(max)

-1V

27V

Max. Current 200mAcontinuous

Frequency 
Protection

50KHz(1.6μsec/Vslewrate;Rload=1KΩ)

OverCurrentYes ThermalShutdownYes

Table 1: ASM Electrical Specifications

 

ASMK (0--> 1) VOUT = VREF_LOW + K (VREF_HI - VREF_LOW)

VREF_LOW

VREF_HI
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FEATURES LIST

Feature Details

User defined HI/LOW reference for 
each channel

Individualexternalvoltagereferences(0Vto16Vrange)areusedforeach
channel.Thereference.voltages(REF_Hx&REF_Lx)areroutedthroughthe
56-pinElcoconnector.

Common Reference Capability (Rev2 
only)

Rev2only–Alloutputchannelscouldcanbeconfiguredtohaveacommonhigh
andlowreferencethatisconnectedthroughthe56-pinElcoconnector.

Disabling faulty channels Anyfaultychannelreportedtothesystemisautomaticallydisableduntilthe
useracknowledgestheerrorandthesituationiscorrected.Thechannelisthen
reenabled.

ModuleStatus

Error Reporting:

Power(Green)LED:indicatesthat5Vand3.3Vdigitalpower
suppliesarewithinvalidityrange.

Activity (Yellow) LED:

- SteadyflashiftheTestDrivemodelaccessesthecard;
(communicationestablished.)

- Blinks2timesiftheFPGAmoduleisnotprogrammed;
(flashupdateoperationrequired.)

- Blinks3timesiftheFPGAfirmwaredoesnot

correspondtothemodule.
Fault(Red)LED:indicatesthatafaulthasbeendetectedin
thesystemormodule.

Onthefrontof
themodule

IndividualChannelStatus

ChannelOverCurrentLED–reportsanovercurrentstateon
aspecificchannel.

ChannelThermalShutdownLED–reportsifanamplifier
thermalshutdownhasoccurredonaspecificchannel.

IntheTestDrive
GUI

Positive Cable ID Themoduleisabletoreportabadorlostcableconnectionoralossof/ora
changetoagoodcableconnectionoccurs.ThisisdoneintheTestDriveGUI.

Positive Module ID TheTestDrivesystemisabletoreport(ontheTestDriveGUI)theidentification
ofaninsertedmodule.TheASMhasmoduleProductMajorID1.Seethe
“Frequentlyaskedquestions”section.

Firmware Update ThemodulesupportsarobustremotesoftwareupdatemechanismthatItis
capableofrecoveringfromafailuretoupdatetheFPGAConfigurationDatadue
touncontrollablecircumstances,suchasapowerfailure.Themoduleisalso
abletoreprogramitselfwhilethemodelispaused.

Table 2: ASM Board Features 
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TECHNICAL DESCRIPTION

OVERVIEW

TheASMmoduleallowstheusertosynchronouslycontrolupto16channelsofanalogvoltage,thatis
outputtotheECUateverycalculationstep.Eachoutputsignalisabletosinkorsourceamaximumof
200mAwheretheoutputvoltageisproportionaltothedifferencebetweenthereferencevoltagesignals
(RefHIXandRefLOX)asshowninFigure2.RefHIXandRefLOXare,respectively,thehighand
lowreferencevoltagesforeachoutputchannelwhereXistheidentificationnumberofthechannel,
numberrangingfrom0to15.

Inadditiontothis,themodulesupportstheCableIDI/Oprocess.

Figure2:AnalogSensorModuleFunctionBlockDiagram

  
Intermodule 
Communications Bus 

Power Buses  (ACC, Radio, Crank, IGN0, IGN1, 
IGN3, User Def1, User Def2, Batt, Batt Gnd, SIM Pow, SIM 

Vref 
High 

Vref 
Low 

16 

16 

16 

Ref Hi X 

Ref Lo X 

16 

CableID GND 
5 

CableID 

Analog Sensors 
Module 

Analog Out 62,50 mm. 



OP6225 User Guide 16

TECHNICAL DESCRIPTION
FunctionalDescription

FUNCTIONAL DESCRIPTION

Figure3showstheblockdiagramfortheAnalogSensorModuleASM,itdetailsthefunctionalitiesofthe
analogsensorchannelsandtheFPGAengine.TheASMhas16channelssharingshareacommon
databus,whilehavingspecificcontrollinesforeachchannel.

Figure3:ASMandFPGAEngineFunctionalBlockDiagram

TheFPGAengineisusedtoperformthefollowingtasks:

• CommunicatewiththeRTU
• Enabletheoutputstageforeachchannel’sAnaloganalogOutputoutputline
• LatchsynchronouslythedigitalvaluetotheDigitaltoAnalogConverter
• Disableallchannelsinfaultbecauseofanovercurrentorthermalshutdownconditions
• ControltheActivity&FaultLEDs
• Readthemoduleidentificationandreportthemodulestatus.
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Figure4:FurtherdetailstheblockdiagramoftheanAnalogSensorChannel.

TheFPGAengineloadseachchannel’sDACsthroughimplementationoftheLDACx,WRxandCSx
lines.TheFPGAenginealsoenablestheoutputofthepoweramplifier.TheDACoutputsasignalto
thepoweramplifierthatisratiometricbetweenREF_HxandREF_Lx.WhentheDACcodefieldisset
to0x000,theoutputvoltageissettoREF_Lx.Similarly,whenthevalueoftheDACcodefieldissetto
0xFFF,theoutputvoltageisequivalenttoREF_Hx.

ThepoweramplifieroutputstheanalogsensorsimulatedsignalonOUT_Ax.Shouldovercurrentor
thermalshutdownconditionsoccur,thepoweramplifiernotifiestheFPGAengine(throughAOCxand
TSDxrespectively)towhichdisablestherespectivefaultychannel.

TheRTUupdatesthevalueofeveryDACregisterateachcalculationstep.

ASM PIN-OUTS

All16channels’referencevoltages(REF_H15:0andREF_L15:0)andanalogoutputsignals(OUT_
A15:0)areroutedfromthroughtheELCO-56pinconnector.Below,Table3providesthelistofsignals
availableontheexternalELCO-56connectorsortedbypinnumbers.Thetableshowsalsoonwhich
pinoftheDIN96(DIN96/J7A)connectorthesignalissuppliedtothemodule.

Ascanbeseenfromthetablebelow,positivecableidentificationisalsoachievedthroughtheELCO-56
pinconnector(SignalsID_CBLandID_CBL4:0).

ForRev.2boards,signalsCOM_REF_LandCOM_REF_Hareusedtoconnectcommonlowandhigh
referencesforthechannels(seesection3.3formoredetails).ForRev.1boards,signalsPROTO0and
PROTO1arenotused.
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Elco Eq. # 
(female)

Elco Pin 
name 

(female)

Signal Name in Analog 
Module Schematic 

(2003/10/07)

Input 
Line

Output 
Line

DIN 96/J7A

1 A OUT_A0  x A2
2 B REF_L2 x  C1 Female

ELCO Connector
56 pins

H
DC

J K
BA

F
M N P

E
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X Y Z

R
W

c db
f

a
e
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m nl

r s t
k

p
w x yv

AA BB CC
u

z
FF HH JJEE

LL MM NN
DD

KK

3 C REF_L0 x  B1
4 D REF_H0   A1
5 E REF_L4 x  C3
6 F REF_H1 x  B3
7 H OUT_A1  x A3
8 J PROTO0 x x C2
9 K PROTO1 x x B2
10 L OUT_A3  x A5
11 M REF_L5 x  C4
12 N REF_H2 x  B4
13 P OUT_A2  x A4
14 R REF_L7 x  C6
15 S REF_H4 x  B6
16 T OUT_A4  x A6
17 U REF_L6 x  C5
18 V REF_H3 x  B5
19 W OUT_A6  x A8
20 X REF_L8 x  C7
21 Y REF_H5 x  B7
22 Z OUT_A5  x A7
23 a REF_H7 x  B9
24 b OUT_A7  x A9
25 c REF_L9 x  C8
26 d REF_H6 x  B8
27 e OUT_A8  x A10
28 f REF_L10 x  C9
29 h REF_L11 x  C10
30 j REF_H8 x  B10
31 k OUT_A10  x A12
32 l REF_L12 x  C11
33 m REF_H9 x  B11
34 n OUT_A9  x A11
35 p REF_H11 x  B13
36 r OUT_A11  x A13
37 s REF_L13 x  C12
38 t REF_H10 x  B12
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Elco Eq. # 
(female)

Elco Pin 
name 

(female)

Signal Name in Analog 
Module Schematic 

(2003/10/07)

Input 
Line

Output 
Line

DIN 96/J7A

39 u OUT_A13  x A15
40 v REF_L15 x  C14
41 w REF_H12 x  B14
42 x OUT_A12  x A14
43 y REF_L14 x  C13
44 z REF_H14 x  B16
45 AA OUT_A14  x A16
46 BB REF_L1 x  C15
47 CC REF_H13 x  B15
48 DD ID_CBL0 x  A18
49 EE ID_CBL  x C17
50 FF REF_H15 x  B17
51 HH OUT_A15  x A17
52 JJ REF_L3 x  C16
53 KK ID_CBL4 x  C20
54 LL ID_CBL3 x  C19
55 MM ID_CBL2 x  A19
56 NN ID_CBL1 x  C18

Table 3: Signal list for for the ELCO-56 pin connector

NOTE: Artwork was done using Elco Male and female connector was used during assembly 
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TESTDRIVE ASM GUI

TestDriveprovidesaLabViewbasedGUIthatfacilitatestheuseandconfigurationoftheAnalog
SensorModule’s16channels.Allfunctionalitiesrequiredfortosimulatingananalogsignalforthe
ECUareencompassedintheTestDrive’sAnalogSensorModuleGUI.Additionally,errordetection
toolsareprovidedtoeasetroubleshootingofasystem/module.

Thefollowingsectiondetailsthehighlightedfeatures/functionsofthegraphicASMGUI.



 

Figure5:TestDriveAnalogSensorModuleGUI
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ASM GUI FEATURES & FUNCTIONALITIES
A. Channel Inputs:TheGUIprovidesuserswithtwomeansfortheusertosupplyinputstothe16

channels.Eachchannelprovideshasasliderbarandanincrementalnumericalcontroltoinput
analogsensorvalues.Additionally,theincrementalnumericalcontrolfieldcanhaveanyuser-
definedvaluedirectlyentered.

B. Channel Output:Theoutputbeinggeneratedbythemoduleforeachchannelcanbeseeninthis
field.

C. Fault Indicators:The‘RailOverCurrentStatus’and‘OverTemperature’LEDindicatorsareused
toalerttheuserthatthereisanOverCurrentorThermalShutdownerrorononeofthechannels.
Theusercanthenrefertothefaultmonitoringfieldsofeachchanneltoseewhichchannelis
experiencingthefault.

D. Fault Monitor:AnalogOverCurrent(AOC)andThermalShutdown(TSD)faultsforeachchannel
areindicatedinthisfield.Thedefaultvalueiszero(0),nofaults.WhenanOverCurrentand/
orThermalShutdownoccur,aone(1)isindicatedinthisfield(NOTE:thisappliesonlyforrev2
modules.Revision1moduleerrorreportingisasfollows:

- Zero(0) NoError
- One(1) AOCfault
- Two(2) TSDfault
- Three(3) AOC&TSDfault

E. Fault Acknowledge:Thesetoggleswitchesareusedtoacknowledgeanerrorthatmayoccurand
toreactivateaparticularchannel.Notethatthefaultcanonlybeacknowledgedoncetheerror
conditionhasbeencorrected.Ifthesituationhasn’tbeencorrectedthefaultmonitorwillstillshow
thefaultandthechannelwon’tbereactivated.

F. Software Faults:ThesefieldsreportifaSoftwaresoftwarebasederrorhasoccurredonthe
module.

G. Chassis ID & Slot ID:Thesefields,respectively,reporttheTestDriveChassisID(betweenmain
andauxiliary)andtheslotwheretheASMhasbeeninsertedintothechassis.

H. Cable ID:TheCableIDisreportedinthecableIDfield.Thisfeaturemustbeenabledtofunction.
andtheIDforthepropercableissetfromtheASMConfigurationGUI(see3.3).Ifabadcableis
connectedorifacorrectcableconnectionischangedor/removed,anerrorisindicatedwiththe
CableErrorLED.ThiserrorcanbeacknowledgedbytheCableErrortoggleswitch.

I. HW & SW Revisions:Thecurrentfirmwarerevisionandhardwarerevisionsareindicatedinthe
XXX0FirmRevandXXX0HWRevfields(respectively).
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ASM CONFIGURATION GUI

TheASMboard’sGUIprovidesaseparatepanelthatallowstheusertomodifycertainconfigurations
forboardoperation.Fromselectingthe‘Config’taboftheTestDriveinterface,theusercanaccessthe
configurationpanelsforallmodulesinsertedintothesystem.Figure6detailstheASMconfiguration
panel.

FromtheconfigurationGUItheusercandecideifeachchannelshouldusespecificHigh&Low
referencesoriftheyshouldusecommonreferences.Connectionofthecommonreferencescanbe
seenfrom“Table3:SignallistforfortheELCO-56pinconnector”(thisfeatureisexclusivetoRev2
modules).

Channels12,13,14and15canalsobeconfiguredtohavealinear,insteadofratiometric,outputwith
respecttotheirreferences.

Theusercanalsoenablecableidentificationandsetthedesiredcablevaluethatthesystemshould
monitorfor(see“Frequentlyaskedquestions”formoredetails).

Figure6:ASMConfigurationGUI
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THE ASM SIMULINK MODEL
TD.mdl

‘TD.mdl’isastandardSimulinkmodelprovidedwithallTestDrivesystems.Themodelisusedto
simulateautomotivefunctionstotheECU.TheAnalogSensorModuleisacomponentoftheoverall
model.Thedefaultversionof‘TD.mdl’supportsuptothreeASMsintheTestDrivechassis(Note:the
modelmayneedtobemodifiedtosupportmoreASMs).

OpCtrl Analog Sensor Module

Block



Mask

Description

The“OpCtrlAnalogSensorModule”blockaccessestheAnalogSensorModuleASMofthesame
ControllerName.

TheblockenablestheusertoselectthetypeofHighandLowReferenceforeachchannel.Each
numberintheHighandLowReferenceSelectionfieldvectorrepresentschannels0to15fromleftto
right.Theusercanmodifythechannel’sspecificnumberto‘1’ifcommonreferencesaredesired.The
commonreferencevaluesareconnectedexternallythroughpinsCOM_REF_HandCOM_REF_L(see
Table3).NotethatthisonlyappliesforRev.2boards.

Parameters

Controller Name:ThecontrollernamespecifiedinanOpCtrlblock’sControllerNameparameter
enablesthebindingbetweenaspecificcontrollerandit’sgenericfunctionalities.

High and Low Reference Selection:Fromlefttoright,eachvalueofthevectorrepresentschannels
0to15.Theusercanselectchannelspecific(0)orcommon(1)referencesforeachchannelby
modifyingthevectorvalues.

Inputs: NoInputs.

Outputs: NoOutputs.

Characteristics and Limitations
• DirectFeedthrough
• Discretesampletime
• XHPsupport
• Workoffline
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THEASMSIMULINKMODEL

OpFcn Digital Out Gated

Block



Mask

Description

ThisblockreferstoonechanneloftheASM.Insuch,thereshouldbe16entitiestoworkwiththe16
channels.

Parameters

Controller Name:EachfunctionalityblocksuchastheOpFcnDigitalOutGatedblockmustreferto
anOpCtrlblockthatwillmanagethedatatransferwiththeIOboard.ThebindingbetweenOpFcnand
OpCtrlblocksisperformedviatheuseoftheControllernamethateachOpCtrlblockuniquelydefines.
Thisbindingischeckedduringtheinitializationphaseofthemodel.IfnoOpCtrlblockisfoundthat
definesthesameControllerNameasthisOpFcnDigitalOutGatedblock,theOpFcnDigitalOutGated
blockissimplydisabledandreturns0s.

Selection of Functionalities:ThisfieldisusedtodeterminewhichAnaloganalogoutputtheOpFcn
DigitalOutGatedblockistiedto.Forexample,tousethisblocktocontrolOUT_A2,a2should
beplacedinthisfield.Notethatifusing‘td.mdl’,thevaluesofthesefieldsdefaulttothesame
correspondingswitch(ex:OpFcnDigitalOutGated0tiestoOUT_A0;OpFcnDigitalOutGated1ties
toOUT_A1).

Inputs

Vals:Thisinputisthevalue.

Ack:Thisinputistoacknowledgefaults.Thismeansthatifafaulthaspreviouslybeenflaggedthe
channelreceivesthissignaltoconfirmthatitshouldstaydeactivated.

Outputs

Curr.Vals:Thisoutputgivesthevaluethehardwarecouldapproximatefromthe<i>Vals</i>input.
Sincethehardwareasa12bitsprecisionitispossiblethattheinputfieldcandifferslightly.

Faults:Thisfieldoutputsiftherewasafaultdetectedonthechannel.Afaultcanbeduetoovercurrent
overheating,etc.

Characteristics and Limitations

• DirectFeedthrough
• Discretesampletime
• XHPsupport
• Workoffline
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OpFcn Status Register

Block

      Mask

Description

ThisgenericStatusRegisterfunctionalityblock,OpFcnStatusRegister,isdesignedtoreturnstatus
informationfromaTestDrivemoduleboard.AllTestDriveboardsdefineasimilarstatusregisterthat
enablestheusertogetinformationregarding:boardlocation(chassis,slotandcableidentification),
synchronizationstatusanderrorstatus(over-current,over-voltage,over-temperature,softwarefaults,
communicationfaults).Althoughnotalltheseparameterscanbeofinterestforagivenmoduleboard,
theregistermappingallowstheuseofthesameOpFcnStatusRegisterforallboards.

Parameters

ControllerName:ThecontrollernameuniquelyspecifiedinanOpCtrlblock’sparameterenables
thebindingbetweenaspecificcontrollerblockandthepresentfunctionalityblock.Bindingbetween
OpFcnandOpCtrlblocksthatdefinethesameControllerNameisperformedduringtheinitialization
phaseofthemodel.IfnoOpCtrlblockisfoundthatdefinesthesameControllerNameasthe
OpFcnStatusRegisterblock,theOpFcnStatusRegisterissimplydisabled.

Inputs

Thisblockhasnoinputs.

Outputs
Chassis Id: Thisoutputreturnsthenumberofthechassiswheretheboardis

installed.Typicallythisnumberis0.
Slot Id: Thisoutputreturnsthenumberoftheslotwheretheboardisinstalled.

Typicallythisnumberis1to11whentheboardisinachassis,and0
whentheboardisstandalone.

Rail Over-Current Status: Thisoutputreturns1whenanover-currentconditionisdetectedonthe
board,and0otherwise.Acknowledgmentofthiserrordependsonthe
typeofboard.

Rail Over-Voltage Status: Thisoutputreturns1whenanover-voltageconditionisdetectedonthe
board,and0otherwise.Acknowledgmentofthiserrordependsonthe
typeofboard.

Thermostat Output Status:Thisoutputreturns1whenanover-temperatureconditionisdetectedon
theboard,and0otherwise.Acknowledgmentofthiserrordependsonthe
typeofboard.

Software Fault Rail: Thisflagismorerelevantformodulesthatsupportdifferentpowerrail
values.Theflagisraisedwhen2powerrailsareselectedforthesame
outputline.
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Software Fault State: Thisflagismorerelevantformodulesthatsupportdifferentstatesvalues.
Theflagisraisedwhen2states(highandlow)areselectedforthesame
outputline.

Software Fault From Host:Functionnotavailableinthisversion.
CRC Fault Status: Functionnotavailableinthisversion.
Cable Identification: ThisoutputreturnsthestateofthecableidentificationlinesID-CBL1-5of

themoduleboard.Thedefaultvalueis31.
Device revision: Thisoutputreturnstherevisionnumberoftheassociateddevice.
Carrier Info: ThisoutputreturnsinformationabouttheIOcardrevision.Thisoutput

hasasizeof2andwillultimatelyreturnthehardwarerevisionandserial
numberoftheboard.Presentlythefirstvalueis1ifthedriverdetects
thatthecardholdsanEEPROMforstoringrevisionandserialnumber
information.Thesecondvalueispresentlyfixedto65535.

Characteristics and Limitations

ConnectorPinAssignments:

SincetheOpFcnStatusRegisterblockmayattachitselftodifferentboardsthatsupporttheStatus
Registerfunctionality,theusershouldrefertothedocumentationofhisspecificmoduleboardfor
connectorpinassignments.

• DirectFeedthrough No
• Discretesampletime Yes
• XHPsupport Yes
• Workoffline No
• 
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FREQUENTLY ASKED QUESTIONS
Q: What is the maximum number of ASMs that may be connected to the TestDrive System?

A: ThemaximumnumberofASMsthatcanbeusedisdependantonthenumberofTestDrive
chassisused.Upto10ASMmodulescanbeinsertedintoeachchassis.Notethatthe
TestDrivemodel(‘TD.mdl’)mustbemodifiedtosupportthisadditionalfeature.Thedefault
modelallowsuptothreeASMsinoneTestDrivechassis.

Q: What is the module ID for the ASM and where can it be read?

A: ThemoduleIDfortheASMis3.ThisisnotdirectlyvisibleonthedefaultGUIoftheASM.A
developmentlevelusercanmakemodificationstothemodelandGUItooutputthemoduleID.

Q: How does cable identification work?

A: Eachmodulesupportspositivecableidentification.Cableidentificationisenabledandsetby
theASMConfigurationGUI(“CableIdentifcation”).Theuserwilldefineavaluebetween0and
31.ThisvaluewillbesetinbinarywiththesignalsID_CBL0toID_CBL4(Table3Table3).The
figurebelowdepictsfunctionalityofcableidentification.

Figure7:CableIdentifcation
Theuserwillgroundthenecessarysignals(Cable_ID0toCable_ID4)viaElcopinEEtoachievethe
binaryequivalentofthedecimalvaluesetintheASMConfigurationpanel.

A: HowdoIusecommonreferencesforsome/allofmyASMoutputs?

A: ThisisafeaturespecifictoRev.2ASMmodules.TheHighandLowcommonreferencecan
beconnectedtopinsJandKoftheElcoconnector,respectively(Table3).FromtheASM
Configurationpanel(Figure6),theusercanselectwhichchannelscanusethecommon
references.

Q: Can I vary my output linearly instead of ratiometrically between the High and Low 
references?

A: ASMchannels12to15allowforlinearizationofoutputs.Theseoptionsmustbeenabledfrom
theASMConfigurationPanel(Figure6).NotethatthisfeatureisonlyavailableonRev.2ASMs.
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Q: Is it possible to control the linear relation (gain and offset) of outputs 12 to 15?

A: UsingRT-Lab,fromtd.mdl,theusercanmodifythegainandoffsetofchannels12to15toany
desiredsetofvalues.Notethatthelinearizationoptionforthesechannelsmustbeenabledfor
thechangestotakeeffect.

Q: What is the relation between the rail voltages and the ASM?  Is it necessary to power the rail 
to have the ASM working?

A: ThereisnoimpliedrelationbetweentherailandtheASM.Itisnotnecessarytopowertherail
tooperatetheASM.Itispossibletousetherailvoltages(ex:BattandGND)asthehighand
lowreferencesforaspecificchannel.
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