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1. Introduction

The PPPL Multifunction Timing Board system (MTB) is connected to the NSTX Facility Clock in order to provide timing functions to synchronize NSTX equipment.   This document will describe a method to monitor and control an MTB in either Event Decode & Delay (EDD) mode or in the Timed Gate (TG) mode from an EPICS Input Output Controller (IOC).
(This document applies to MTB boards using the EDD and TG modes.  No support exists (yet) for other timing functions.)

2. References

· MTB LabVIEW Programming Manual.
· MTB Windows DLL Programming Manual.
· MTB Installation Guide.
· MTB Post-Boot Loading Process.
3. Overview

The flexibility of EPICS, LabVIEW, and the MTB software present many solutions to programming an MTB board for an application. This guide will describe one implementation method which makes use of an executable LabVIEW program and EPICS SUBroutine records. Figure 1 is a block diagram of this arrangement.
4. EPICS Programming
The EPICS IOC interface with the LabVIEW program is via two subroutine records, for each channel of the MTB.  One record is required for controlling the MTB channel.  An optional second record can be used to monitor the MTB channel.  Appendix A contains information for the control aspects, Appendix B for Monitoring. Figure 2 shows a typical MEDM display that can be used to control a channel in the MTB.
Once the MTB information is in the IOC database (via the SUB records, and optional supporting standard records) the normal EPICS methods and tools can be applied.  
· Figure 3 shows an overview of the control record. Configuration options using the SUB control record include:

· Personality (function)

· Facility Clock Event

· Post-event delay time

· Timed Gate width

· Self-Test Event code

· Facility Clock Event trigger enable

· Trigger_A (Start) enable

· Trigger_B (Stop) enable

· Retrigger mode 
· Control operation can be initiated through the control SUB record. MTB Control operations will occur under these conditions. 

· Load bit 0(1 (loads events, delay, gate-widths).

· Self-Test bit 0(1 (activates the current self-test event code).

· Enable/Disable Channel bit 0(1 or 1(0 (enables/disables the channel, no other timing registers are changed on the MTB).

· Arm/Disarm Module bit 0(1 or 1(0 (arms/disarms module only, no other timing registers are changed on the MTB). NOTE: Due to a hardware anomaly on the first generation of MTB Interface Boards, the module may not Disarm. Use the Disable function on a per-channel basis. 
· On every (2-sec) loop, the LabVIEW program will post monitored information from the MTB, to the EPICS status SUB record.  Figure 3 shows an overview of the monitoring record. Included info:  

· EDD Event Code

· Post-event delay time

· Programmed Timed Gate Gate-width

· Facility Clock Events enabled
· Trigger_A enabled
· Trigger_B enabled

· Retrigger Mode
· Personality

· Board Number

· Channel Number

· Module Armed

· Channel Enabled

· EDD Delay-Active

· TG Gate-Active

· Facility Clock Health

· Interface Board Connection Status 
· Last Code Received

· Number MTB Boards Detected on PCI bus
· Program Status (word)

· Watchdog Counter
5. LabVIEW Programming
As shown in fig. 1 there is one executable LabVIEW program for each MTB board.  At program initialization, the program accesses a fixed-path, fixed-name ASCII configuration file which tells each MTB channel the EPICS SUBroutine record names to link with for EPICS control and monitoring.  The general purpose MTBlvGUI.exe program can be used to view the local MTB configuration.  
Some of the LabVIEW program’s features:

· Program is an executable, built on a LabVIEW development computer.

· The same program is used in many computers.  The configuration file makes the EPICS interface unique.

· One program for each MTB.

· ASCII config file for each MTB board.

· The program will loop at a 2-second rate. Control and monitor activity will be delayed by up to this amount. The 2-sec cycle for each instance of program are asynchronous, i.e. you cannot synchronize the initiation of a self-test event between MTB#1 and MTB#2.
5.1  ASCII Configuration file

The ASCII configuration file is made and edited using a LabVIEW ‘editor’ program.  Fig. 5 shows the front-panel GUI for the editor.  A text editor can also be used as long as the proper syntax is maintained. Appendix C shows the contents of a typical file.

Filename rules: The filename for the configuration must follow the format specified below:

· MTB#.cfg

where ‘#’ is a number from 1(9.  This indicates the board number.

Directory Rules:  All configuration files must be in the directory C:\MTB
5.2  Startup Batch file

The startup batchfile will …. to be determined.

6. PC Setup Guide
This section will describe how to setup a PC to use the MTB and interface with EPICS.

· Use the reference “MTB Installation Guide”.
· If desired, make changes to the registry to auto-logon.
· Use the reference “MTB Post-Boot Loading Process”.
· Create folder C:\MTB.

· Install the (2) LabVIEW executable programs, a sample configuration file, and the startup batch file (if available) into this folder.

· Edit config files to use the correct EPICS control SUBroutine record name.  Unused channels should use the case-sensitive keyword SPARE. 

· Edit the startup batchfile to include additional control programs for each MTB in the system. See Appendix J for an example file.
· Put a shortcut to the startup batch file in the Start(All Programs(Startup directory. 
7. Figures
· Figure 1 : Block diagram showing the interaction between software components. 

· Figure 2 : Example MEDM display for controlling an MTB Channel 
· Figure 3 : Control Record Overview.
· Figure 4 : Monitor Record Overview.
· Figure 5 : LabVIEW Configuration File editor.
8. Appendicies
· Appendix A Control Information 
· Appendix B Monitoring Information
· Appendix C Sample Configuration File 
· Appendix D NSTX Event Codes and Programming Value
· Appendix E MTB ‘Personality’ Codes 
· Appendix F Typical entries in a SaveSetArchiver config file to save and restore control settings.  
· Appendix G System Error Codes
· Appendix H LabVIEW Source Code for MTB/EPICS Interface Program 
· Appendix I LabVIEW Source Code for Configuration File Editor

· Appendix J Example Startup Batch File
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Appendix A  Control Information
Description of Control SUB Record’s Fields when using the subroutine ce_MTBeddtg :

These are the fields which are used by the MTB-control SUB record. The INP links can be a DB_LINK to another record, or it can be entered in the database as a fixed value.  Note that Channel Access clients such as medm can modify the values in the IOC database at run-time. In addition, the SaveSetArchiver can be used to save and restore control values (see Appendix F).  
SUBrecord values are monitored/updated by the LabVIEW program at a nominal 2 second rate.  Channel access gets/puts are made by LabVIEW at this rate. The SUB record’s scanning rate will add an additional delay, up to one scan period. 
From the EPICS Record Reference Manual, Chapter for the SUB record:

“The subroutine record has twelve input links (INPA-INPL), each of which has a corresponding value field (A-L). These fields are used to retrieve and store values that can be passed to the subroutine that the record calls. 

The input links (e.g. INPA) can be either channel access or database links, or constants. When constants, the corresponding value field  (e.g. A) for the link is initialized with the constant value,  and the field's value can be changed at run-time via dbPuts. Otherwise, the values (A->L) are fetched from the input links when the record is processed.”

	INAM
	Subroutine name must be ce_MTBctlInit

	SNAM
	Subroutine name must  be ce_MTBctl

	INPA

or

A
	This is the Facility Clock Event Code which the EDD portion of the module will respond to.  If the Facility Clock Event Enable bit is off, then this value has no meaning. Valid range is 0-255. Appendix D lists the event codes to use for NSTX.

	INPB

or

B
	This is the time (delay) [units=seconds]after the selected Facility Clock Event or Trigger_A input is received.  The valid range is 0 – 429 seconds. The resolution of the delay value is 100 nanoseconds for a 10 MHz Facility Clock and 1 microsecond for a 1 MHz Facility Clock. This can be a DB_LINK to another record, or it can be entered in the database for a fixed value.

	INPC

or

C
	This field only applies to the TG mode.  It has no affect in the EDD mode. This is the time (duration) [units=seconds] that the Timed Gate output will be active. The valid range is 0 – 4294 seconds. The resolution of the delay value is 1 microsecond. This can be a DB_LINK to another record, or it can be entered in the database for a fixed value.


(cont’d)(

	INPD

or

D
	This is the Mode Register. It is often entered as a constant in the database file, and not as a DB_Link.

Bit 0: 1=Enable Facility Clock Events. 0=Disable.

Bit 1: 1=Enable Trigger_A (Start) input. 0=Disable.

Bit 2: 1=Enable Trigger_B (Stop) input. 0=Disable.

Bit 3: 1=Enable Retrigger Mode.  0=Disable.

	INPE

or

E
	This is the MTB channel’s ‘personality’. This is normally entered as a constant in the database file, and is not a DB_Link. Appendix E lists the valid numerical entries.

	INPF

or

F
	The edge-sensitive load control.  When the LabVIEW program detects that this input has transitioned from a 0/low to a 1/high, then the MTB channel will be loaded with the settings.  This field should be held high for at least 2 seconds (or one LabVIEW scan time).  

Notes:

1)  If this field remains high, additional) MTB LOADs will not occur, until the input is detected by LabVIEW as low. 
2) Since the LabVIEW program cycles at about a 2 second rate, there could be up to a 2 second delay after this bit is set in the EPICS record, until the MTB is actually commanded.  If the MTB Control SUB record is running at a 2 second scan rate, then there could be an additional 2 second delay after the INPF is brought high.

	INPG

or

G
	This is the Enable Channel bit.  1=Enable Channel. 0=Disable Channel.  Note that a transition on this bit will cause the MTB channel to enable or disable on the next LabVIEW program’s scan (nom. 2-second rate). 



	INPH

or

H
	This is the Arm Module bit.  1=Arm Module. 0=Disarm.  Note that a transition on this bit will cause the MTB module to arm or disarm on the next LabVIEW program’s scan (2-second rate). 
Caution: In the initial hardware design of the MTB interface board there was an ‘arm’ glitch on the MTB TTL outputs, so the MTB should always remain armed. Disarm capability will be inhibited in the LabVIEW program until a suitable hardware repair has been implemented.


(cont’d)(

	INPI
or

I
	This is the Self-Test Event Code which the module will use when the bit at INPG that corresponds to ‘command self-test code’ transitions to a ‘one’. This is a software-generated event to simulate an event received from the Facility Clock link. It will affect all channels in the MTB that are programmed to respond to the code. Valid range is 0-255. Appendix D lists the event codes to use for NSTX.

	INPJ
or

J
	This is the Send Self-Test bit.  Note that a 0(1 transition on this bit will cause the currently-loaded Self Test Event Code to be generated in the module.  This will affect all channels programmed to respond to that event code. 
Notes:

See notes 1 and 2 for the INPF field.  

	INPK
	This field is not used

	VAL
	This value is the composite command control word that is constructed by the SUB record’s subroutine and read by the LabVIEW program. It includes the following.

· bit 0: Load Control command bit

· bit 1: Channel Enable/Disable 
· bit 2: Module Arm/Disarm 

· bit 3: Self-Test Event Control
· bit 4: Facility Clock Events enable

· bit 5: Trigger_A enable

· bit 6: Trigger_B enable

· bit 7: Retrigger Mode

· bit 8-15: EDD Event Code (8-bit code) 

· bit 16-23: Self-Test Event Code (8-bit code) 

· bit 24-26: personality


EPICS SUBroutine source code

12JAN2004

/*

 * ce_subMTBctl.c  An EPICS subroutine record code module.

 *

 * This module will be used with a SUBroutine record to interface with

 *
a LabVIEW program (EPICS_EDDTG.exe) to control 

 *
an MTB module in a PC from EPICS.  Also see subroutine code

 *
ce_subMTBsts to be used to view status

 *
information from the MTB Channel.     

 *

 * Reference the document "EPICS/LabVIEW MTB Programming Guide" to

 *
determine the field-usage and bit-meanings, etc...

 *

 *  Rev 0  17NOV03  ps
Created

 *

 */

#include
<vxWorks.h>

#include        <types.h>

#include        <stdioLib.h>

#include        <dbDefs.h>

#include        <subRecord.h>

#include        <dbCommon.h>

#include        <recSup.h>

long ce_MTBctlInit(psub)


struct subRecord
*psub;

{

    /*  clear UDF */

    psub->udf = 0;

    return(0);

}

long ce_MTBctl(psub)


struct subRecord
*psub;

{

int
pgm_event,pgm_mode,pgm_STcode,pgm_pers,pgm_load, pgm_arm, pgm_enable, pgm_sendST;

   /* get control parms */

    
pgm_event = psub->a;

    
pgm_mode = psub->d;

    
pgm_pers = psub->e;


pgm_load = psub->f;


pgm_enable = psub->g;

        pgm_arm = psub->h;

        pgm_sendST = psub->j;

        pgm_STcode = psub->i;

   /* build composite control word */

 
psub->val = (pgm_load & 0x1) + ((pgm_enable & 0x1)<<1) + ((pgm_arm & 0x1)<<2) + ((pgm_sendST & 0x1)<<3) + ((pgm_mode & 0xF)<<4) + ((pgm_event & 0xFF)<<8) + ((pgm_STcode & 0xFF)<<16) + ((pgm_pers & 0x7)<<24);

    
return(0);

}
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Appendix B  Monitoring Information
Description of Status SUB Record’s Fields when using the subroutine ce_MTBstatus :

These are the fields which are used by the MTB-status SUB record. Monitored values are updated by the LabVIEW program at a 2 second rate.  The SUB record’s scanning rate will add an additional delay, up to one scan period.

	INAM
	Subroutine name must be ce_MTBstsInit

	SNAM
	Subroutine name must be ce_MTBsts

	INPA
(
INPL
	These inputs should not be connected to the EPICS database. Their ‘value’ is reserved for use by the subroutine and LabVIEW program.

	A


	This 32-bit value is the composite status word #1. It is written to the record by the LabVIEW program. The word is a compilation of status bits, of which the lower 16 bits can be deconstructed using an MBBI Direct record.  It includes:

· bit 0: Channel Enabled

· bit 1: EDD Delay Active

· bit 2: TG Gate Active

· bit 3: Facility Clock Events enabled

· bit 4: Trigger_A enabled

· bit 5: Trigger_B enabled

· bit 6: Retrigger Mode

· bit 7: Module Armed

· bit 8: Facility Clock Health

· bit 9: Interface Board Connection 

· bits 10-15: spare bits

· bits 16-23: EDD Event Code (value available at E)


	B 
	This 32-bit value is the composite status word #2. It is written to the record by the LabVIEW program. The word is a compilation of multi-bit status, which can be deconstructed via this SUB record. It includes:

· bits 0-2: Personality (0=EDD, 1=TG)

· bits 3-5: Board Number (first=1)

· bits 6-8: Channel Number (first=1)

· bits 9-11: Number MTB Boards Detected

· bits 12-13: Watchdog Counter

· bits 14-21: Last Code Received 

· bits 22-26: System Error Code (5-bit value)

· bits 27-31: spare




(cont’d)(

	C 
	This value is the monitored EDD-section time delay [units=seconds] from the MTB. It is written to the record by the LabVIEW program.

	D 
	This value is the monitored timed gate duration from the MTB. This has meaning only for the TG mode. It is written to the record by the LabVIEW program.

	E
	This value is the monitored EDD event code from the MTB.

	F
	This is the MTB channel’s personality. Appendix E lists the valid numerical entries. An MBBI record can be used to translate the numeric value to strings, such as “EDD”.

	G
	This is the MTB channel’s board number. The first board in a PC is ‘1’.

	H
	This is the MTB channel number. The first channel in an MTB is ‘1’.

	I
	This is the number of MTB boards detected in the PC.  Note that to count as an MTB, the CeSys FPGA PCI board must be detected, AND, it must be loaded with an image (from MTB.exo file) corresponding to the MTB.  When a PC is booted, the .exo must be loaded into the PCI FPGA board.  This is currently a manual procedure but there are plans to automate it in the future.

	J
	This is a 2-bit watchdog counter.  The count will cycle from 0 ( 3, incrementing at 30-second intervals.  It’s purpose is to permit EPICS records to detect when the LabVIEW program has stopped, and to be able to assert an EPICS alarm.

	K
	This is the last event code received by the MTB module.  This code is a result of a Self-Test code, or a code received from the Facility Clock link.  Range is 0 ( 255.

	L
	This field not used.

	VAL
	This value is the System Error Code. There are 32 error codes; A value of zero means that no errors have been detected in the processing of the MTB channel.  The error code interpretation for the status word is listed in Appendix G. Note that more than one error may have occurred; only the first one encountered in the LabVIEW program’s scan is reported.



EPICS SUBroutine source code

12JAN2004

/*

 * ce_subMTBsts.c  An EPICS subroutine record code module.

 *

 * This module will be used with a SUBroutine record to interface with

 *
a LabVIEW program (EPICS_EDDTG.exe) to monitor

 *
an MTB module in a PC from EPICS.  

 *
ce_subMTBsts to be used to deconstruct embedded status

 *
information generated by this module.

 *
See also subroutine ce_MTBctl.c  for controlling an MTB channel.

 *

 * Reference the document "EPICS/LabVIEW MTB Programming Guide" to

 *
determine the field-usage and bit-meanings, etc...

 *

 *  Rev 0  17NOV03  ps
Created

 *

 */

#include
<vxWorks.h>

#include        <types.h>

#include        <stdioLib.h>

#include        <dbDefs.h>

#include        <subRecord.h>

#include        <dbCommon.h>

#include        <recSup.h>

long ce_MTBstsInit(psub)


struct subRecord
*psub;

{

    /*  clear UDF */

    psub->udf = 0;

    return(0);

}

long ce_MTBsts(psub)


struct subRecord
*psub;

{

int
StatusWord1, StatusWord2;


   /* get inputs */

        StatusWord1 = psub->a;

    
StatusWord2 = psub->b;
  /* deconstruct word  1 */


/* bits 0-15 used by external MBBID record to deode individual bits */

        psub->e =  (StatusWord1>>16 & 0xFF);    /* monitored EDD event code */


/* bits 24-31 are spare */

  /* deconstruct word  2 */


psub->f = StatusWord2 & 0x7;
/* personality nuumeric */


psub->g =  (StatusWord2>>3 & 0x7);    /* board number */

        psub->h =  (StatusWord2>>6 & 0x7);    /* channel number */

        psub->i =  (StatusWord2>>9 & 0x7);    /* number of MTB found */

        psub->j =  (StatusWord2>>12 & 0x3);    /* watchdog counter */

        psub->k =  (StatusWord2>>14 & 0xFF);    /* last event */


psub->val =( StatusWord2>>22 & 0x1F);
/* 5-bit staus code */


/* bits 27-31 are spare */

    
return(0);

}
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Appendix C  Typical ASCII MTB Configuration File

blahblah
Appendix D Event Codes and Programming Value

Valid code range is 0-255.  NSTX uses the codes described below. They seem strange because of the NSTX Facility Clock’s legacy encoded format, which includes parity and certain bit-locations being fixed (high or low).

	NSTX

Event

Code
	Octal

Code from H404A Spec
	Decimal Programming Value
	Comments

	E-STOP
	140
	96
	Code should not be used or generated.

	SOC
	141
	225
	

	SOS
	142
	226
	

	T(-60)
	143
	99
	

	SOP
	144
	228
	

	T(-1)
	145
	101
	

	T(0)
	146
	102
	

	NBI
	147
	231
	

	T(+D)
	150
	232
	

	EOD
	151
	105
	

	EOP
	152
	106
	

	Link 2-SEC code
	153
	235
	

	PC-Fault
	154
	108
	

	PC-Event
	155
	237
	

	FBL
	156
	238
	

	404 Internal Test 
	157
	111
	


Appendix E Personality Codes
· Value of zero means there were no errors.

	Bit(s)
	Interpretation
	Comments

	0
	EDD – Event Decode & Delay
	H404 module

	1
	TG – Timed Gate
	H409 module

	2
	STIC - Serial Time Interval Counter
	H412 module

	3
	CG - Clock Generator
	H904 module

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


Appendix F Example SaveSet Archiver Entries to restore control settings
snippet from a SaveSet Archiver config file (.dbi).
# For test MTB Settings

ch_pgmMode1_MBBOD.B0

ch_pgmMode1_MBBOD.B1

ch_pgmMode1_MBBOD.B2

ch_pgmMode1_MBBOD.B3

#      entry below makes record process and set VAL

ch_pgmMode1_MBBOD
#

#
ch_pgmSTevent1_MBBO

ch_pgmEvent1_MBBO

#      MTB record fields should be last

ch_MTBctl1_SUB.B

ch_MTBctl1_SUB.C

ch_MTBctl1_SUB.E

ch_MTBctl1_SUB.G

#  end test MTB settings

#

# Control Room scopes & VCR channels

ck_MTB1code1_MBBO

ck_MTB1code2_MBBO

ck_MTB1code3_MBBO

ck_MTB1code4_MBBO

ck_MTB1code5_MBBO

ck_MTB1code6_MBBO

ck_MTB1delay1_AO

ck_MTB1delay2_AO

ck_MTB1delay3_AO

ck_MTB1delay4_AO

ck_MTB1delay5_AO

ck_MTB1delay6_AO

# end

~

~

Appendix G System Error Codes
· Value of zero means there were no errors.

	Code
	Interpretation
	Comments

	0
	Everything is OK
	

	1
	
	

	2
	
	

	3
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	31
	
	


Appendix H LabVIEW Source Code for MTB/EPICS Interface Program
Appendix I LabVIEW Source Code for Configuration File Editor
Appendix J Example Startup Batch File
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Fig. 3 - MTBeddtg  Control Record Arrangement





Monitored Gate Duration from LabVIEW





Monitored Delay Time


from LabVIEW





B0








B1








B2











B3








B4











B5











B6








B7











B8











B9











(optionally use BI records)





(optional AI record)





(optional AI record)





Interface Board Connection





Facility Clock Health





Module Armed





Trig_B Enabled





Channel Retrigger mode.





Trig_A Enabled





Facility Clock Events Enabled





TG Gate Active





EDD Delay Active





Channel Enabled





MBBI Direct record to demux


Status bits





E





show TG Gate Duration





D





C





show Delay Time





MBBI record to show Event Code











INPB














Status Word #2


from LabVIEW





12JAN04


PS





SUB Record


using


ce_MTBstatus


subroutine





Last Event Code Received





F





Watchdog Counter





K





Program Operation Status





J





Number of MTB boards in PC





I





Channel number





H





Board number





G





Channel Personality





INPA





VAL





Status Word #1


from LabVIEW




























































































Fig. 4 - MTBstatus Record Arrangement








