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1. Abstract

EPICS will provide integrated control of the NSTX facility’s engineering subsystems.  In order to effectively develop EPICS support for each engineering subsystem, the process engineer and the EPICS application developer need to work together to define the scope of the control system.  The process engineer must grasp the general capabilities, tools,  and limitations of EPICS.  The application developer must be able to generally understand the process being controlled, and to apply the correct EPICS tool or methodology to the process. 

2. References

2.1.  Record Reference Manual (www.aps.anl.gov)

3. Operator Displays

The appearance and functionality of the operator displays will need to be specified for the EPICS application developer.  The manner in which the specifications are transmitted is left up to the process engineer and the EPICS application developer.

4. Process Logic

Process logic will need to be specified for the EPICS application developer.  The manner in which the specifications are transmitted is left up to the process engineer and the EPICS application developer.  The EPICS software is flexible and can accommodate almost any control scenario,  although special programs may need to be developed.

5. I/O Specifications

Ultimately, the performance of EPICS for NSTX is dependent upon controlling the low-level EPICS (software) operations which deal with the IOC’s runtime database and the network.  These operations are specified through certain fields in the EPICS records.  The definition of the records need specification by the process engineer to ensure that the process will be controlled correctly, and evaluation by the EPICS application developer to ensure that the ‘bandwidth’ of EPICS components are not wasted.

The section of this document entitled “Process I/O Forms” contain forms for the most common I/O types.   The process engineer will specify most of the parameters on these forms.  

· Analog Input

· Analog Output

· Binary Input

· Binary Output

· Multi-Bit Digital Input

· Multi-Bit Digital Output

5.1. Other I/O

Other devices, such as function generators, transient digitizers, and timing modules have similar principals to follow regarding process description, record fields, and EPICS performance.  The EPICS application developer should work with the process engineer for the required information.

6. Trending

EPICS has two methods of serving “trended” data displays (stripcharts).  One is called archiving and one is called the StripTool.  The archiving is set up in advance of a system reboot.  Thus, certain devices can be periodically scanned (e.g. 60 seconds) and the data will be permanently archived. Viewing can be done interactively or using an Excel spreadsheet.

StripTool will show the device trending from the time the tool is started.  StripTool can be preconfigured with a default device list, or manually created whenever desired.  Data from the StripTool trend displays are not archived.

The process engineer must specify the archiving requirements and the StripTool requirements (device list, scan rate).

7. Control Files

A Control File is a snapshot of a predefined group of control settings.  The file can be snapped automatically at the time of a shot, or interactively by the operator.  A file can be restored by the operator.  When restored, it will overwrite the current control settings with those contained in the file.

8. Parameter Files

A Parameter File is a snapshot of a predefined group of control and monitor settings.  The file is snapped automatically at the time of a shot.  The purpose of the file is to provide a record of the process status for future analysis or review.

9. Control Permission

EPICS has a built-in feature to exercise control over who can control what devices at which time/mode.  The Access Security system is flexible and can accommodate many implementation schemes. Each EPICS record can have its own rule for access security.  The process engineer should specify the system’s device control requirement. 

Some “typical” options are described below:

No security.  Any user can command the device at any time.

Operator Classification : Only operators who are “qualified” can change the device state.  For instance, only those operators (identified by the unix login account) who are qualified to operate the Water System (such as the wsoper account) can control the device.

Workstation Location: The specified device can be controlled only from a certain physical terminal(s) location(s) (identified by terminal(s) network “name”).  For example,  this would prevent RF devices from being controlled from a terminal in the MG control room.

Control Lockout Period: No operator can change the device state during a NSTX “control lockout” period surrounding the NSTX shot.  For example, between T(-60) < lockout < EOD(+10).

Control Assignment: The state of any hardware or software record can govern control permission.  For example, from a medm display, the COE can manually disable EPICS control capability of the vacuum system devices from all terminals except those in the main control room.

10. Transient Digitizers

10.1. Setup

A medm display for configuring the operating mode of the transient digitizer(s) will be provided.  An option to make the current configuration the default configuration will be provided.

10.2. Arming

A user setting will be provided to enable the digitizer to be automatically armed during each clock cycle.

10.3. Archiving

A user setting will be provided to permit the specified digitizer channels to be archived into the MDS+ shot tree.

10.4. Event-Driven Displays

Using the medm Cartesian display tool,  plots of digitizer data (including calculations with other records) can be automatically displayed after each shot.

10.5. Interactive Displays

There will be the capability to interactively plot groups of digitizer channels using the medm Cartesian display tool.

11. Process I/O Forms

Analog Input Scale Factors 

Engineering Identifier


EPICS Record Name
N/a


Descriptor
DESC


Conversion Algorithm Parameters


N/a


Linearization Method
LINR


Adjustment Offset
AOFF


Adjustment Slope
ASLO


Smoothing
SMOO


Engineering Units Full (for device)
EGUF


Engineering Units Low (for device)
EGUL


Engineering Units 
EGU


High (display) Operating Range 
HOPR


Low (display) Operating Range
LOPR


Display Precision
PREC


Monitor (display)Deadband
MDEL


Archive (archive)Deadband
ADEL


Analog Input Alarm Attributes 
HiHi Alarm Limit
HIHI


HiHi Alarm Severity
HHSV


LoLo Alarm Limit
LOLO


LoLo Alarm Severity
LLSV


High Alarm Limit
HIGH


High Alarm Severity
HSV


Low Alarm Limit
LOW


Low Alarm Severity
LSV


Alarm Deadband
HYST


Alarm Group 
N/a






Other Analog Monitor Attributes 
Historical Trend Rate (or N/a)


Current Trend Display ID 

(10 signals per display)


Parameter File parameters





Analog Output Scale Factors 

Engineering Identifier


EPICS Record Name
N/a


Descriptor
DESC


Conversion Algorithm Parameters


N/a


Linearization Method
LINR


Adjustment Offset
AOFF


Adjustment Slope
ASLO


Output Rate-Of-Change
OROC


Engineering Units Full (for device)
EGUF


Engineering Units Low (for device)
EGUL


Engineering Units 
EGU


High (display) Operating Range 
HOPR


Low (display) Operating Range
LOPR


Drive High Limit 
DRVH


Drive Low Limit
DRVL


Display Precision
PREC


Monitor (display)Deadband
MDEL


Archive (archive)Deadband
ADEL


Analog Output Alarm Attributes 
HiHi Alarm Limit
HIHI


HiHi Alarm Severity
HHSV


LoLo Alarm Limit
LOLO


LoLo Alarm Severity
LLSV


High Alarm Limit
HIGH


High Alarm Severity
HSV


Low Alarm Limit
LOW


Low Alarm Severity
LSV


Alarm Deadband
HYST


Alarm Group
N/a


Other Control Setting Attributes 
Access Security Rules




Loss-of-Operator Rule


Reboot Rule


Control File required?


Parameter File required?


Historical Trend Rate (if req’d)


Current Trend Display ID 

(10 signals per display)


Binary Digital Input Scale Attributes & Alarm Factors

Engineering Identifier


EPICS ‘IOM’ Record Name (if used)



EPICS Record Name
N/a


Descriptor
DESC


Zero-State Name
ZNAM


One-State Name
ONAM


Zero-State Alarm Severity
ZSV


One-State Alarm Severity
OSV


Change-of-State Alarm Severity 
COSV


Alarm Group
N/a






Other Binary Monitor Attributes 
Historical Trend Rate (or N/a)


Current Trend Display ID 

(10 signals per display)


Parameter File required?











Binary Digital Output Scale Attributes & Alarm factors

Engineering Identifier


EPICS ‘IOM’ Record Name (if used)



EPICS Record Name
N/a


Descriptor
DESC


Zero-State Name
ZNAM


One-State Name
ONAM


Seconds to Hold High
HIGH


Zero-State Alarm Severity
ZSV


One-State Alarm Severity
OSV


Change-of-State Alarm Severity 
COSV


Alarm Group
N/a


Other Control Setting Attributes 
Access Security Rules




Loss-of-Operator Rule


Reboot Rule


Control File required?


Parameter File required?


Historical Trend Rate (if req’d)


Current Trend Display ID 

(10 signals per display)


Binary MultiBit Digital Input Scale Attributes & Alarm Factors

Engineering Identifier


EPICS ‘IOM’ Record Name (if used)



EPICS Record Name
N/a


Descriptor
DESC


First Bit (the LSB is 0 is the first)
in OUT


Number Of Bits
NOBT


Zero State Value (can be any value)
ZRVL


One State Value
ONVL


Two State Value
TWVL


Three State Value
THVL


….. up to Fifteen Value

Use separate list

Zero State Name 
ZRST


One State Name
ONST


Two State Name
TWST


Three State Name
THST


….. up to Fifteen Name

Use separate list

State Zero Alarm Severity 
ZRSV


State One Alarm Severity
ONSV


State Two Alarm Severity
TWSV


State Three Alarm Severity
THSV


….. up to Fifteen Alarm Severity

Use separate list

Unknown State Severity
UNSV


Change-of-State Alarm Severity 
COSV


Alarm Group
N/a






Other Multi-Bit Digital Monitor Attributes 
Historical Trend Rate (or N/a)


Current Trend Display ID 

(10 signals per display)


Parameter File required?





Binary MultiBit Digital Control Attributes & Alarm Factors

Engineering Identifier


EPICS ‘IOM’ Record Name (if used)



EPICS Record Name
N/a


Descriptor
DESC


First Bit (the LSB is 0 is the first)
in INP


Number Of Bits
NOBT


Zero State Value (can be any value)
ZRVL


One State Value
ONVL


Two State Value
TWVL


Three State Value
THVL


….. up to Fifteen Value

Use separate list

Zero State Name 
ZRST


One State Name
ONST


Two State Name
TWST


Three State Name
THST


….. up to Fifteen Name

Use separate list

State Zero Alarm Severity 
ZRSV


State One Alarm Severity
ONSV


State Two Alarm Severity
TWSV


State Three Alarm Severity
THSV


….. up to Fifteen Alarm Severity

Use separate list

Unknown State Severity
UNSV


Change-of-State Alarm Severity 
COSV


Alarm Group
N/a






Other Control Setting Attributes 
Access Security Rules




Loss-of-Operator Rule


Reboot Rule


Control File required?


Parameter File required?


Historical Trend Rate (if req’d)


Current Trend Display ID 

(10 signals per display)


Functional Specification Guidelines  for EPICS Interfaces

Table of Contents

11.
Abstract

2.
References
1
3.
Operator Displays
1
4.
Process Logic
1
5.
I/O Specifications
1
6.
Trending
2
7.
Control Files
2
8.
Parameter Files
2
9.
Control Permission
2
10.
Transient Digitizers
3
11.
Process I/O Forms
4


