Experimental Physics and Industrial Control System (EPICS)DatabaseBob Dalesio, June 27,2001

Outline¥How does the process database fit into EPICS¥Database configuration tools¥Process blocks for data acquisition and control¥Configurable functions in the process database

EPICS Process Database Is Distributed

ca-serverprocess DBdev supportca-clientEach IOC can contain one or more process databasesEach database contains its local directory - it is self containedEach IOC contains its own scan tasks to support each scan periodAccess to a database is given to all clients through the channel access serverReferences to a process variables in another IOC are done through the channel accessclient. LAN ca-serverprocess DBdev supportca-client

Process Databases Are Configured Off-line and Downloadedat InitializationThe Process Database is loaded as an ASCII fileIt is configured (at least partially) using some configuration tool:GDCT - graphical configuration tool - nice menus - no hierarchy - no queryCapfast - Commercial schematic package - good hierarchy - no querytcl/TK/DCT - A single record formany text editorRelational databases - nice query capability - no hierarchyDownloaded at Initialization using NFS or FTP

The EPICS Process Database Is Used as a Low-levelInterface to the ProcessA Device layer separates the process function of interfacing I/O from the protocolsrequired to communicate to various physical devicesThe device layer is typically expected to cache the values and not delay in read/write from the process databaseAsynchronous completion mechanisms are available when a delay is required

ca-serverprocess DBdev supportca-clientLANProcess Blocks exist to implement various inputs:analog inputs, binary inputs,high-speed analog inputs, pulse countersProcess blocks exist to implement various outputsanalog outputs, binary outputs, high speed analog outputs, position, timing

Process Blocks Are Connected to Perform ComplexFunctionsProcess Blocks containing control / general algorithms:general purpose calculation: algebraic, logical, trigonometric, relational, if/elsePID, select, ramp, C-subroutine interfaceProcess blocks can be used to control complex devices:beam position monitor, power supplyProcess blocks can be used for data collectionscan, histogram, compressionNew process block types can be easily added - useful for repetitious functions

Each Process Block is Comprised of a Set of Fields ThatDetermine the Operation of Each InstanceI/O fields are used for data flowSCAN fields determine schedulingCONVERSION fields are used to convert I/OALARM fields specify alarm conditions and severityCHANNEL ACCESS fields control server notification and permissionCONTROL fields are used to configure closed loop control behaviorOPERATOR parameters are configured for displayAlgorithmic specific parameters are used to configure individual functions

Minimum Configuration - Analog InputValveRBSCAN.1 SecondINP#C0 S0DTYPXY566LINR LinearEGUF 100EGUL 0EGU%Reads the value for logical card 0 logical signal 0Every .1 second from the Xycom566 device and scales the raw input between 0 and 100 percent.The raw value read from the hardware is put intothe RVAL field and the converted value is put intothe VAL field.NOTE: device support sets the engineering units slope given EGUF and EGUL. The device supportlayer knows the number of bits of resolution of thehardware and the formatAnalog Input

Minimum Configuration - Discrete InputTwoBitValveRBSCANI/O IntrINP#C0 S4DTYPUniDig24NOBT2ZRVL0ONVL1TWVL2THVL 3ZRSTTravellingONSTOpenTWSTClosedTHSTErrorTHSVMajorReads the value for logical card 0 bits 4 and 5(counting from 0) every time there is anychange on the UniDig24 card. The result to thefour possible states. Both limits closed is anerror condition.Mulibit Binary Input

Minimum Configuration — Binary OutputOneBitValveCtrlSCANPassiveOUT#C0 S4DTYPUniDig24ZRSTClosedONSTOpenHIGH1Write the VAL field to the UniDig24 logicalcard 0, bit 4 (5th bit) every time the operatormakes a change — and then set it to 0 after 1second.Binary Output

I/O Fields are Used for Data FlowDTYPSoftware type - constant or database addressName of a hardware deviceINP (OUT) Database Address - local or remoteProcess Passive (PP/NPP)CA Links (CA/CPP-In Only)Maximize Severity (MS/NMS)Hardware address - logical or physicalSIMSimulation fields include value and location

Scan Fields Determine SchedulingSCAN - Scan MechanismPeriodic - .1, .2, .5, 1, 2, 5, 10 (menu driven)Hardware Event - originates from the driver layerSoftware Event - from an event record or programPHAS - Order within a scan mechanismEVNT - Event number for a software eventFLNK - Forward Processing LinkProcess this record next - if and only if it is PassiveForward links to other IOCs must link to .PROCSDIS - Scan Disable LocationDVAL - Scan Disable Value

Process and Data FlowTemp1SCAN.1 SecondPHAS0INP#C0 S0DTYPXY566FLNK0Reads the value for logical card 0 logical signal 0Every .1 second from the Xycom566 deviceTemp1SCANI/O EventPHAS0INP#C0 S0DTYPDVX2502FLNK0Reads the value for logical card 0 logical signal 0Whenever the DVX2502 driver posts an event(Drivers can post events on interrupt - or haveindependent scan threads that post the events)Analog InputAnalog Input

Process and Data Flow - Passive ScanningTemp1SCANPassivePHAS0OUT#C0 S0DTYPXY220FLNK0Write the value to logical card 0 signal 0 whenever- a channel access put is done to this record- a write is done from another record within this IOC- a forward link from any other record points here- a read is done from another record that specifies PPBinary Output

Using Process Passive Links (PP/NPP)AI_1SCANPassiveINP#C0 S0CALC_2SCAN1 secondINPAAI_1 NPPINPB AI_1 PPCALC A-B

Using Channel Access Links (CPP/CA)Temp1SCAN1 secondINP#C0 S0EGUDgCLINRTypeJdgcMDEL1TEMP_ILOCKSCANPassiveINPATemp1 CPP MSINPB Temp2 CPP MSCALC (A>100) || (B>100)FLNK Valve_1Temp2SCANI/O IntrINP#C0 S1EGUDgFLINRTypeJdgfMDEL5Valve_1SCAN PassiveOUT #C0 S0OMSL Closed_LoopDOL Temp_ILOCK MSZNAM ClosedONAM Open

Roughly Equivalent Processing ChainsAI_1SCAN.1 SecondPHAS0INP#C0 S0CALC_1SCAN.1 SecondPHAS1INPAAI_1AO_1SCAN.1 SecondPHAS2DOLCALC_1OMSLClosed-loop

AI_2SCAN.1 SecondINP#C0 S0FLNKCALC_2CALC_2SCANPassiveINPAAI_2FLNKAO_2AO_2SCANPassiveDOLCALC_2OMSLClosed-loop

AI_3SCANPassiveINP#C0 S0CALC_3SCANPassiveINPAAI_3 PPAO_3SCAN.1 SecondDOLCALC_3 PPOMSLClosed-loopEx. AEx. BEx. C

Record ExecutionAIPACT = 1 1 1 5Read 2 2 6Conversion 3 3 7Alarm 4 4 8Monitor 5 5 9Forward Link 6 610PACT = 0 72211CALCPACT = 1 8 7 3Read Inputs 9 8 4Do CALC10 912Alarms111013Monitors121114Forward Link131215PACT = 0142116AOPACT = 115131Read Setpoint (DOL)16142Limits171517Output181618Alarm191719Monitor201820Forward Link211921PACT = 0222022Ex. BEx. AEx. C

Which Record Is NEVER Processed ?AI_1SCANPassivePHAS0INP#C0 S0CALC_1SCANPassiveINPAAI_1 PPAO_1SCAN.1 SecondDOLCALC_1 PPOMSLClosed-loopCALC_2SCANPassiveINPAAI_1 PP

Which Record Is Processed Twice ?AI_1SCANPassivePHAS0INP#C0 S0CALC_1SCANPassiveINPAAI_1 PPAO_1SCAN.1 SecondDOLCALC_1 PPOMSLClosed-loopCALC_2SCAN.1 SecondINPAAI_1 PP

What Happens Here ? Intro. to the PACT FieldAI_1SCANPassiveINP#C0 S0FLNK CALC_2CALC_1SCANPassiveINPAAI_1 PPAO_1SCAN.1 SecondDOLCALC_1 PPOMSLClosed-loopCALC_2SCANPassiveINPAAI_1 PPFLNKAO_1

IOC Timing ChartScan Task-1

Scan Task-2Scan Task-3Scan Task-4CA MonitorsCA Name Resolution

Data ConversionsAnalog - LINRNone - make the RAW count the engineering units ValueLinear - Scale between EGUF and EGUL for the raw value rangePiece-wise linear - table lookup for line segment - then linearizeAI — has smoothing field (SMOO) for a wieghte averageDiscreteMatches bit pattern to stringMulti-channel and Complex conversionsSubroutine RecordsCalculation recordsHigher Level Records (like the Beam Position Monitor)

Alarm ConditionsAlarm ComponentsSEVR - Alarm Severity STAT - Alarm StatusI/O Failure resultsSEVR = INVALIDSTAT = READ/WRITEConfigurable Analog AlarmsSEVR = NONE/MINOR/MAJORSTAT = LIMITLimits are configured - 2 high and 2 low limits - with hysterisisAlarm severity for each limit is configuredConfigurable Discrete AlarmsSEVR = NONE/MINOR/MAJORSTAT = STATE or COS

Channel Access FieldsAnalog process blocks have three monitor conditionsValue deadband - MDELArchive deadband - ADELAlarm status changeDiscrete process blocks post value on change of stateMonitor queue and monitor count exist for each process blockAccess Security - ASG Access Security Group for this record

Control FieldsDesired Output Location (DOL)- where to fetch the value that will be outputDatabase Address - (Maximize Alarm Severity recommended)Output Mode Select (OMSL) - should we use the value from DOLSupervisory - use the VAL fieldClosed-loop - fetch the VAL field from the DOLINVALID Alarm Action (IACT) - what to do if the record SEVR is INVALIDHold the current valueSet to the safe value specifiedOutput Address (OUT) - where to write the valueConstant - do not write the valueDatabase address - write the value to this address and Process if PassiveHardware address - call device support to convert and write the value

Algorithmic Specific FieldsCALC record36 character expression, 16 input linksSTEPPERMOTORinitialization algorithm, retry deadband, retry count, velocity, acceleration, direction, cw limit, ccw limit, moving, done retries,first move errorCPIDproportional, integral and derivative gains, error, modeSELECT16 inputs, selection criteriaSUBROUTINEinitialization routine, routine, 16 input links

EPICS Process Database Performance Parameters

ca-serverprocess DBdev supportca-clientProcess Block execution time varies from block type to block typeAI on a PowerPC ~ \100,000/second (50% idle)AI on a 68060 is ~18,000/second (50% idle)AI on a 68040 is ~6,000/second (50% idle)Fastest periodic scan rate is dependent on vxWorks clock tick - 60 HzInterrupt scanning is limited by the CPU bandwidth (interrupt delay ~33usec)Name resolution - 10,000/second - runs at the lowest priority2,500 Process blocks use around 1 Megabyte of memoryLAN

New Developments in the Process Database¥Port the database so that it runs on operating systems other than VxWorks.(ANL) — in beta test on LINUX, Windows, and RTEMS.¥Support periodic monitoring capability.¥Develop low cost I/O solutions for the Pentium platform — complete.¥Create a new link mechanism to make checking possible at configuration timefor new address types. ANL