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MoTION CONTROL SOFTWARE

1 OVERVIEW

This design document describes motion control front-end software to be used in FAIR
project. In addition to software running on front-end local control GUI application is
also included which is used for motor commissioning.

MicrolOC-M-Box-PMAC, which is microlOC- based product and hosts powerful PMAC
motor controller, is used as front-end controller [1].

The software architecture is shown on Figure 1.

I TCP/IP I CMW/RDA

PMAC software

[ LCD J[Potentiometer! SSIJ

Figure 1: The architecture of motion control software

As shown on the figure above the software comprises of the following components:

« PMAC software

o Low level software used to control single or pair of motors which resides on
PMAC controller inside M-Box.

+ System driver
o C++ system driver that communicates with PMAC via TCP/IP

o Communicates with any other additional device (e.g. encoders) via serial
connection.

o Transforms requests from upper level software to PMAC commands
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o Handles local/remote control connection
« Local control server

o Local control server used for motor configuration
+ Local control GUI

o Local control GUI running for motor configuration
« Access control monitor

- Used to implement access control fall-back and shared memory cleanup in
case any of the application crashes unexpectedly.

« LCD control

o Used for controlling motors locally from the LCD on the front panel of M-
Box.

+ FESA device server

o FESA classes which model motor and pair of motors (slit)
+ Configuration files

o Files for system configuration

Each of these components is described in the following chapters.
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2 PMAC SOFTWARE

PMAC software is divided into:

settings and configuration
motion programs

PLC programs

Short description of the above is described in the following chapters.

2.1 SETTINGS AND CONFIGURATION

These are files with simple commands which get executed only when they are
downloaded to PMAC. They will be used to:

store the permanent motor configuration (e.g. PID parameters, channel
addresses, ...)

default values for motor settings (e.g. velocity, acceleration, movement
range...)

2.2 MOTION PROGRAMS

When a motion program is being executed, the PMAC works through the program
one move at a time, performing all the calculations up to that move. Motion programs
are executed in coordinate systems, which motors are assigned to. There shall be :

One motion program for each motor (8 motion programs)

One motion program for each motor pair for slit positioning (4 motion
programs)

One motion program for each motor pair for executing homing procedure (4
motion programs) This depends on the type of feedback axis is using
(incremental encoders require homing).

2.3 PLC PROGRAMS

PLC programs are special PMAC programs that operate asynchronously and with
rapid repetition. They have the same logical constructs as the motion programs.
There shall be:

One PLC program that performs initialization upon PMAC power up. Used for
I/O initialization, internal variables initialization, enabling all the motors,
applying brake on the motors (if applicable)...
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+ One PLC for each motor that is executed upon specific event (command from
upper layers of software e.g. FESA device server). They are used to stop the
motion and apply brake (if applicable) and/or kill the motor.

« PLC that monitors the execution of motion programs and performs certain
actions like changing the assignment of the motors to the correct coordinate
systems.
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3 SYSTEM DRIVER

System driver offers routines to operate single motor or pair of 2 motors. In addition
to that it provides routines for system inspection (e.g. PMAC status, motor status,...)
and routines to operate any other device used in the system (e.g encoders...).

The architecture of the driver is depicted on the figure below.

TCP/IP

TCP/IP Serial

[ PMAC }[Potentiometer}[ SSI| encoder J

Figure 2: The architecture of the system driver

The architecture of the driver comprises:

+ local/remote control logic controls access rights of the local and remote
control. See Access control for details.

« Single motor monitor and control
« Control and monitor of pair of motors (slit)

+ Readout of the encoders (potentiometer or SSI encoder)

Driver is written in C++ programming language. All API routines are synchronous
meaning that they block until completed. This does not mean that the routine blocks
until the motor operation is completed, e.g. moving of the motor, it means the routine
will block until the execution of move command is completed. All API routines throw
exception on error with message describing the problem. Driver uses 2 configuration
files. For more on configuration see Configuration files.
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3.1 API

The following is proposed API for the driver which supports both single motor and
pair of motors (slit) manipulation

COPYRIGHT © 2012 BY COSYLAB -9-
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/**

* Sets nmode to renpte. Changing node to renote is allowed only by | ocal
control .

*

* @hrows MBoxException if shared nmenory error occurs or |ocking the
shared nmenory times out

* @hrows MBoxException if operation not allowed (if call is perforned
fromrenote node)

*/

voi d set Renmote() throw MBoxException);

/**

* Sets nmode to | ocal control. Changing node to |ocal control is allowed

only by local control.
*

* @hrows MBoxException if shared nmenory error occurs or |ocking the
shared nmenory times out

* @hrows MBoxException if operation not allowed (if call is perforned
fromrenote node)
*/
voi d set Local Control () throw MBoxExcepti on);
/**

* Sets nmode to | ocal configuration. Changing node to | ocal configuration

is allowed only by local control.
*

* @hrows MBoxException if shared nmenory error occurs or |ocking the
shared nmenory times out

* @hrows MBoxException if operation not allowed (if call is perforned
fromrenote node)
*/
voi d set Local Confi guration() throw MBoxException);
/**

* Reads node.

*

* @eturns true if the node is |ocal control.

*

* @hrows MBoxException if shared menmory error occurs or |ocking the
shared nmenory tinmes out

*/

bool isLocal Control () throw MBoxException);

/**

* Reads npde.
*

* @eturns true if the node is |ocal configuration.
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*

* @hrows MBoxException if shared menory error occurs or |ocking the
shared nmenory tinmes out

*/

bool isLocal Configuration() throw MBoxException);

/**

* Reads npde.
*

* @eturns true if the node is renote.

*

* @hrows MBoxException if shared nmenory error occurs or |ocking the
shared nmenory times out

*/

bool isRenmote() throw( MBoxException);

/**

* Reads version of this driver.

*

* @eturns version of this driver represented as string.

*/

string version();

/**

* Reads motor status. For details on individual notor status bits see
Sof t war e Ref erence Manual : Turbo

* PMAC/ PMAC2 3Ax-01.937-xSxx, May 24, 2004, p.p. 325

*

* @aram nane nane of the notor

* @aram statusl first part of notor status

* @aram status2 second part of notor status

*

* @hrows MBoxException if shared menory error occurs or |ocking the
shared nmenory tinmes out

* @hrows MBoxException if nanmed nmotor not configured

* @hrows MBoxException if internal driver error occurs

* @hrows MBoxException if error in conmunication with PVMAC

* @hrows MBoxException if PMAC responds with error code

*/

voi d readMot or St at us(const string name, unsigned int& statusl, unsigned
int& status2) throw MBoxException);

/**

* Reads pair status (coordi nate system status). For details on coordi nate
system status bits see Software Reference Manual: Turbo
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* PMAC/ PVAC2 3Ax-01.937-xSxx, May 24, 2004, p.p. 329

* @aram nane name of the notor

* @aram statusl first part of pair status
* @aram status2 second part of pair status
* @aram status3 second part of pair status

* @hrows MBoxException if shared menmory error occurs or |ocking the
shared nmenory tinmes out
* @hrows MBoxException if nanmed pair of nmotor not configured
* @hrows MBoxException if internal driver error occurs
* @hrows MBoxException if error in conmunication with PVMAC
* @hrows MBoxException if PMAC responds with error code
*/
voi d readPai r St at us(const string name, unsigned int& statusl, unsigned inté&
status2, unsigned int& status3) throw MBoxExcepti on);
/**
* Reads PMAC status. For details on PMAC status bits see Software
Ref erence Manual : Turbo
* PMAC/ PMAC2 3Ax-01.937-xSxx, May 24, 2004, p.p. 334

* @aranfin] statusl first part of PMAC status
* @aranfout] status2 second part of PMAC status
* @aranfout] status3 second part of PMAC status

* @hrows MBoxException if shared menmory error occurs or |ocking the
shared nmenory tinmes out

* @hrows MBoxException if internal driver error occurs

* @hrows MBoxException if error in conmunication with PMAC

* @hrows MBoxException if PMAC responds with error code

*/

voi d readPmacSt at us(unsi gned int& statusl, unsigned inté& status2, unsigned
int& status3) throw MBoxException);

/**

* Moves pair of notors. Mdtors are nobved to set positions.
*

* @araniin] name name of the notor pair

*

* @hrows MBoxException if shared nmenory error occurs or |ocking the
shared menory times out.

* @hrows MBoxException if operation not all owed.

-12 - COPYRIGHT © 2012 BY COSYLAB



MoTION CONTROL SOFTWARE

* @hrows MBoxException if naned pair or notor not configured.

* @hrows MBoxException if internal driver error occurs.

* @hrows MBoxException if error in conmunication with PVAC

* @hrows MBoxException if PMAC responds with error code

*/

voi d movePair (const string name) throw( MBoxException);

/**

* Moves pair of notors to positive or negative limt (soft limt is used
as positive or negative limt).

*

* @aranfin] nane nanme of the notor pair

* @aranfin] positiveLimtl flag to indicate the novenent to positive or
negative limt. If true positive limt is used for notor 1.

* @aranfin] positiveLimt2 flag to indicate the novenent to positive or
negative limt. If true positive |imt is used for notor 2.

*

* @hrows MBoxException if shared nmenory error occurs or |ocking the
shared nmenory times out.

* @hrows MBoxException if operation not all owed.

* @hrows MBoxException if naned pair or notor not configured.

* @hrows MBoxException if internal driver error occurs.

* @hrows MBoxException if error in conmunication with PVAC

* @hrows MBoxException if PMAC responds with error code

*/

voi d nmovePai r ToLi mit (const string nanme, const bool positiveLimtl, const
bool positiveLimt2) throw MBoxException);

/**

* Stops pair of notors.

*

* @aranfin] name name of the notor pair

*

* @hrows MBoxException if shared menory error occurs or |ocking the
shared nmenory tinmes out.

* @hrows MBoxException if operation not all owed.

* @hrows MBoxException if naned pair or notor not configured.

* @hrows MBoxException if internal driver error occurs.

* @hrows MBoxException if error in conmunication with PVAC

* @hrows MBoxException if PMAC responds with error code

*

*/

voi d stopPair(const string nanme) throw( MBoxException);
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/**

* Kills pair. De-activates pair of nmotors and applies brake.

*

* @araniin] name name of the notor pair

*

* @ hrows

shared nenory
* @ hrows
* @hrows
* @ hrows
* @hrows
* @ hrows
*/

MBoxException if shared menory error occurs or |ocking the

tinmes out.
MBoxException if operation not allowed.

MBoxException if nanmed pair or notor not configured.

MBoxException if internal driver error occurs.
MBoxException if error in communication with PMAC.
MBoxException if PMAC responds with error code

void kill Pair(const string nane) throw MBoxException);

/**

* Set notor pair center in mm

*

* @araniin] name nane of the notor pair.
* @aranfin] center new center to be set.

*

* @hrows

shared nenory
* @hrows
* @ hrows
* @hrows
* @ hrows
* @hrows
*/

MBoxException if shared menory error occurs or |ocking the

times out.
MBoxException if operation not allowed.

MBoxException if named pair or notor not configured.

MBoxException if internal driver error occurs.
MBoxException if error in comuni cation with PMAC.
MBoxException if PMAC responds with error code

voi d setPairCenter(const string nane, const float center)
t hr o MBoxExcept i on);

/**

* Set notor pair gap in mm

*

* @araniin] name nane of the notor pair.
* @araniin] gap new gap to be set.

*

* @hrows
shared nenory
* @hrows
* @ hrows
* @hrows

MBoxException if shared menory error occurs or |ocking the

times out.
MBoxException if operation not allowed.

MBoxException if named pair or notor not configured.

MBoxException if internal driver error occurs.
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* @hrows MBoxException if error in conmunication with PVAC

* @hrows MBoxException if PMAC responds with error code

*/

voi d set Pai rGap(const string nanme, float gap) throw( MBoxException);

/**

* Reads notor pair set center in mm

*

* @araniin] name nanme of the notor pair.

*

* @hrows MBoxException if shared nmenory error occurs or |ocking the
shared nmenory tinmes out.

* @hrows MBoxException if naned pair or notor not configured.

* @hrows MBoxException if internal driver error occurs.

* @hrows MBoxException if error in conmunication with PVAC

* @hrows MBoxException if PMAC responds with error code.

*

* @eturn set notor pair center in nmm

*/

fl oat readPairSetCenter(const string nanme) throw MBoxException);

/**

* Reads notor pair set gap in nm
*

* @araniin] name nanme of the notor pair.

*

* @hrows MBoxException if shared nmenory error occurs or |ocking the
shared nmenory times out.

* @hrows MBoxException if naned pair or notor not configured.

* @hrows MBoxException if internal driver error occurs.

* @hrows MBoxException if error in conmunication with PVAC

* @hrows MBoxException if PMAC responds with error code.

*

* @eturn set notor pair gap in mm

*/

fl oat readPair Set Gap(const string nanme) throw MBoxException);

/**

* Reads notor pair actual center in mm

*

* @araniin] name nanme of the notor pair.

*
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* @hrows MBoxException if shared nmenory error occurs or |ocking the
shared menory times out.

* @hrows MBoxException if naned pair or notor not configured.

* @hrows MBoxException if internal driver error occurs.

* @hrows MBoxException if error in conmunication with PVAC

* @hrows MBoxException if PMAC responds with error code.

*

* @eturn actual notor pair center in nm

*/
fl oat readPairCenter(const string name) throw MBoxException);

/**

* Reads nmotor pair actual gap in mm

*

* @araniin] name nane of the notor pair.

*

* @hrows MBoxException if shared menmory error occurs or |ocking the

shared nmenory tinmes out.

* @hrows MBoxException if naned pair of notor not configured.
* @hrows MBoxException if internal driver error occurs.

* @hrows MBoxException if error in conmunication with PMAC

* @hrows MBoxException if PMAC responds with error code.

*

* @eturn actual notor pair gap in nm

*/
fl oat readPairGap(const string name) throw( MBoxException);

/**

* Moves notor pair center relative in nm
*

* @araniin] name nanme of the notor pair.

*

* @hrows MBoxException if shared nmenory error occurs or |ocking the
shared menory times out.

* @hrows MBoxException if operation not all owed.

* @hrows MBoxException if nanmed pair of notor not configured.

* @hrows MBoxException if internal driver error occurs.

* @hrows MBoxException if error in conmunication with PVAC

* @hrows MBoxException if PMAC responds with error code.

*/

voi d novePai r Cent er Rel ati ve(const string name, const float units)

t hr om( MBoxExcept i on);

/**
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* Moves notor pair gap relative in nm
*

* @araniin] name nanme of the notor pair.

*

* @hrows MBoxException if shared nmenory error occurs or |ocking the
shared nmenory times out.

* @hrows MBoxException if operation not all owed.

* @hrows MBoxException if naned pair of notor not configured.

* @hrows MBoxException if internal driver error occurs.

* @hrows MBoxException if error in conmunication with PVAC

* @hrows MBoxException if PMAC responds with error code.

*/

voi d nmovePai r GapRel ati ve(const string nane, float units)

t hr o MBoxExcepti on);

/**

* Resets nmotor pair set and actual PMAC position in mm

*

* @aranfin] name name nanme of the notor pair

* @aranfin] positionl position for first nmotor of pair

* @aranfin] position2 position of second notor of pair

*

* @hrows MBoxException if shared nmenory error occurs or |ocking the
shared nmenory tinmes out.

* @hrows MBoxException if operation not all owed.

* @hrows MBoxException if naned pair of notor not configured.

* @hrows MBoxException if internal driver error occurs.

* @hrows MBoxException if error in conmunication with PVAC

* @hrows MBoxException if PMAC responds with error code.

*/

voi d reset Pai rPosition(const string name, const float positionl, const
float position2) throw MBoxException);

/**

* Enabl es/ di sables mddle switch for notor pair. This is used to deternine
if hardware mddle switch is present or not. If it is not

* present then software middl e distance check is enabled. This can only be
called fromlocal configuration node.

*

* @aranfin] name name of the notor pair

* @aranfin] enabled if true hardware niddle switch is present

*

* @hrows MBoxException if shared nmenory error occurs or |ocking the
shared nmenory times out.
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* @hrows MBoxException if operation not all owed.
* @hrows MBoxException if nanmed pair of motors not configured.
*/
voi d set PairM ddl eSwi t chEnabl ed(const string nane, const bool enabl ed)
t hr om MBoxExcepti on);

/**

* Reads if mddle switch is enabl ed/ di sabl ed.
*

* @araniin] name name of the notor pair

*

* @hrows MBoxException if shared nmenory error occurs or |ocking the
shared menory times out.

* @hrows MBoxException if naned pair of nptors not configured.

*

* @eturns true if hardware nmiddle switch is enabled for given pair of
motors, false otherwise. If not enabled and pair of mptors

* is configured then software m ddl e di stance check is enabl ed.

*/

bool readPairM ddl eSwi t chEnabl ed(const string name) throw( MBoxException);

/**

* Enabl es/ di sabl es notor pair. If nmotor pair is disabled manipul ati on of
motor pair is not allowed.

* This can only be called fromlocal configuration node.

*

* @araniin] name name of the notor pair

* @araniin] enabled if true notor pair is enabled.

*

* @hrows MBoxException if shared menmory error occurs or |ocking the
shared nmenory tinmes out.

* @hrows MBoxException if operation not all owed.

* @hrows MBoxException if naned pair of notors not configured.

*/

voi d set Pai r Enabl ed(const string name, const bool enabl ed)
t hr o MBoxExcepti on);

/**

* Reads if notor pair is enabled/disabled. If motor pair is disabled
mani pul ati on of notor pair is not allowed.

*

* @araniin] name name of the notor pair

*
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* @hrows MBoxException if shared nmenory error occurs or |ocking the
shared nmenory times out.

* @hrows MBoxException if naned pair of notors not confi gured.

*

* @eturns true if notor pair is enabled, false otherw se.

*/

bool readPairEnabl ed(const string nanme) throw MBoxException);

/**

* Sets polarity for middle switch for notor pair. This can only be called
fromlocal configuration node.

* This is only used if hardware niddle switch is enabl ed.

*

* @aranfin] nanme nanme of the notor pair

* @aranfin] polarity if true mddle switch is high, |ow otherw se

*

* @hrows MBoxException if shared nmenory error occurs or |ocking the
shared nmenory tinmes out.

* @hrows MBoxException if operation not all owed.

* @hrows MBoxException if naned pair of notors not confi gured.

*/

voi d setPairM ddl eSwi t chPol arity(const string nane, const bool polarity)
t hr o MBoxExcepti on);

/**

* Reads mddle switch polarity. This is only used if hardware niddl e
switch is enabl ed.

*

* @aranfin] nanme nanme of the notor pair

*

* @hrows MBoxException if shared nmenory error occurs or |ocking the
shared nmenory times out.

* @hrows MBoxException if naned pair of notors not confi gured.

*

* @eturns true if mddle switch polarity is high , fal se otherwi se.

*/

bool readPairM ddl eSwi tchPol arity(const string nane) throw MBoxException);

/**

* Sets pair mininmumspacing in mm This is only used if software mddle
di stance check i s enabl ed.

*
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*

* @araniin] name name of the notor pair
* @araniin] spacing spacing in mm
*
* @hrows MBoxException if shared nmenory error occurs or |ocking the
shared nmenory times out.
* @hrows MBoxException if operation not allowed (if call is perforned
fromrenote when node is set to one of the two | ocal nodes).
* @hrows MBoxException if naned pair of notors not configured.
*/
voi d set Pai r M ni nunSpaci ng(const string nane, const float spacing)
t hr o MBoxExcepti on);
/**
* Reads if m ni mum spacing in notor counts. This is only used if software
m ddl e di stance check is enabl ed.

*

* @araniin] name name of the notor pair

*

* @hrows MBoxException if shared nmenory error occurs or |ocking the
shared nmenory times out.

* @hrows MBoxException if naned pair of notors not configured.

*

* @eturns mni mum spaci ng for given notor pair in nm

*/

fl oat readPairM ni munSpaci ng(const string nanme) throw( MBoxException);

/**

* Reads the status if m ni mum spaci ng was viol ated and hence the notors
st opped.

*

* @araniin] name name of the notor pair

*

* @hrows MBoxException if shared menmory error occurs or |ocking the
shared nmenory tinmes out

* @hrows MBoxException if nanmed pair of mptors not configured

* @hrows MBoxException if error in conmunication with PMAC

* @hrows MBoxException if PMAC responds with error code

*

* @eturns mnimum spacing for given notor pair in nmotor counts

*/

bool readPairM ni munSpaci ngSt at us(const string nane) throw MBoxException);
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* Returns names of the notors configured for a given notor pair.

* @aranfin] name name of the notor pair

* @araniout] notorNanel name of the first notor

* @aranfout] notorNane2 nanme of the second notor

*

* @hrows MBoxException if shared nmenory error occurs or |ocking the
shared nmenory tinmes out

* @hrows MBoxException if naned pair of notors not configured

*/

voi d get Pai r Mot ors(const string nane, string& notorNanel, string&
nmot or Nane2) t hr om( MBoxExcepti on);

/**

* Stops all nmotors controlled by MBox. To stop a particular pair of
motors use #stopPair and to stop only one notor use #stopMotor.

*

* @hrows MBoxException if shared nmenory error occurs or |ocking the
shared nmenory tinmes out

* @hrows MBoxException if operation not allowed (if call is perfornmed
fromrenote when node is set to one of the two | ocal nbdes)

* @hrows MBoxException if error in conmunication with PVMAC

* @hrows MBoxException if PMAC responds with error code

*/

voi d stopAl | Motors() throw MBoxException);

/**

* Moves one notor. Mdtor is noved to set position. See
#set Mot or Set Positi on for details on setting notor set position.

*

* @araniin] name nanme of the notor

*

* @hrows MBoxException if shared nmenory error occurs or |ocking the
shared nmenory tinmes out

* @hrows MBoxException if operation not allowed

* @hrows MBoxException if naned notor not configured

* @hrows MBoxException if internal driver error occurs

* @hrows MBoxException if error in communication with PVMAC

* @hrows MBoxException if PMAC responds with error code

*/

voi d moveMot or (const string name) throw MBoxException);

/**
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* Moves one notor relative for motor counts. Move is done relative to PVMAC
i nt ernal readback.
*
* @araniin] name nane of the notor
* @araniin] counts nunber of counts to nove
*
* @hrows MBoxException if shared nmenory error occurs or |ocking the
shared menory times out.
* @hrows MBoxException if operation not all owed.
* @hrows MBoxException if named notor not configured.
* @hrows MBoxException if internal driver error occurs.
* @hrows MBoxException if error in conmunication with PVAC
* @hrows MBoxException if PMAC responds with error code.
*/
voi d noveMot or Rel ative(const string name, const float units)
t hr o MBoxExcepti on);
/**
* Moves notor to positive or negative limt. (soft limt is used as
positive or negative linmt).
*
* @araniin] nanme nane of the notor.
* @aranfin] positiveLimt flag to indicate the novenent to positive or
negative limt. If true positive limt is used.
*
* @hrows MBoxException if shared nmenory error occurs or |ocking the
shared menory times out.
* @hrows MBoxException if operation not all owed.
* @hrows MBoxException if named notor not configured.
* @hrows MBoxException if internal driver error occurs.
* @hrows MBoxException if error in conmunication with PVAC
* @hrows MBoxException if PMAC responds with error code.
*/
voi d noveMot or ToLi mit (const string nane, const bool positiveLimt)
t hr o MBoxExcepti on);

/**

* St ops notor.

*

* @araniin] name name of the notor.

*

* @hrows MBoxException if shared menmory error occurs or |ocking the
shared nmenory tinmes out.

* @hrows MBoxException if operation not all owed.
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*

*

*/

/**
*
*
*
*
*

shared
*
*
*
*

*

*/

/**
*
*
*
*
*
*

shar ed
*
*
*
*

*

*/

/**
*
*
*

*

@ hr ows
@ hr ows
@ hr ows
@ hr ows

MBoxException if named notor not configured.
MBoxException if internal driver error occurs.
MBoxException if error in comunication with PMAC
MBoxException if PMAC responds with error code.

voi d stopMotor(const string name) throw MBoxException);

Stops nmotor. Deactivates the notor and applies brake.

@aranfin] nanme nane of the notor.

@ hr ows
menory
@ hr ows
@ hr ows
@ hr ows
@ hr ows
@ hr ows

MBoxException if shared nenory error occurs or |ocking the

tinmes out.

MBoxException if operation not allowed.
MBoxException if named notor not configured.
MBoxException if internal driver error occurs.
MBoxException if error in comunication with PMAC
MBoxException if PMAC responds with error code.

voi d kill Motor(const string name) throw MBoxException);

Set notor set position in mm

@aranf{in] nanme nane of the notor.
@aran{in] position position

@ hr ows
nmenor y
@ hr ows
@ hr ows
@ hr ows
@ hr ows
@ hr ows

voi d set Mbt or Set Posi ti on(const string nane, const fl oat
t hr o MBoxExcepti on);

MBoxException if shared nenory error occurs or |ocking the

ti mes out.

MBoxException if operation not allowed.
MBoxException if named notor not confi gured.
MBoxException if internal driver error occurs.
MBoxException if error in comunication with PMAC
MBoxException if PMAC responds with error code.

Reads notor set position in mm

@aran{in] nanme nane of the notor.
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* @hrows MBoxException if shared nmenory error occurs or |ocking the
shared menory times out.

* @hrows MBoxException if named notor not configured.

* @hrows MBoxException if internal driver error occurs.

* @hrows MBoxException if error in conmunication with PVAC

* @hrows MBoxException if PMAC responds with error code.

*

* @eturns notor set position in mm

*/
fl oat readMt or Set Position(const string nane) throw MBoxException);

/**

* Reads notor PMAC actual position in mm

*

* @araniin] name name of the notor.

*

* @hrows MBoxException if shared menmory error occurs or |ocking the

shared nmenory tinmes out.

* @hrows MBoxException if named notor not configured.

* @hrows MBoxException if internal driver error occurs.

* @hrows MBoxException if error in conmunication with PMAC

* @hrows MBoxException if PMAC responds with error code.

*

* @eturns notor PMAC actual position in mm

*/
fl oat readMt or PmacAct ual Positi on(const string name) throw( MBoxException);

/**

* Reads nmotor actual position in mm
*

* @araniin] nanme nanme of the notor.

*

* @hrows MBoxException if shared nmenory error occurs or |ocking the
shared menory times out.

* @hrows MBoxException if named notor not configured.

* @hrows MBoxException if internal driver error occurs.

* @hrows MBoxException if error in conmunication with PVAC

* @hrows MBoxException if PMAC responds with error code.

*

* @eturns motor actual position in mm

*/
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fl oat readMot or Act ual Posi ti onl nEGJ const string nane) throw MBoxException);

/**

* Reads notor potentioneter position in volts.
*

* @aranfin] nane nane of the notor.

*

* @hrows MBoxException if shared nenory not initialized or |ocking the
shared nmenory times out.

* @hrows MBoxException if naned notor not configured.

* @hrows MBoxException if other internal driver error occurs.

* @hrows MBoxException if error in conmunication with potentioneter.

*

* @eturns notor potentioneter position in volts.

*/

fl oat readMot or Pot enti onmet er Positi on(const string nane)

t hr o MBoxExcepti on);

/**

* Reads notor potentioneter reference in volts.

*

* @aranfin] nanme name of the notor.

*

* @hrows MBoxException if shared nenory not initialized or |ocking the
shared nmenory tinmes out.

* @hrows MBoxException if named notor not configured.

* @hrows MBoxException if other internal driver error occurs.

* @hrows MBoxException if error in communication with potentioneter.

*

* @eturns notor potentioneter reference in volts.

*/

fl oat readMbt or Pot enti onet er Ref er ence(const string nane)

t hr om MBoxExcepti on);

/**

* Reads nmotor position from SSI encoder.
*

* @aranfin] nanme nane of the notor p

*

* @hrows MBoxException if shared nenory not initialized or |ocking the
shared nmenory times out.

* @hrows MBoxException if nanmed notor not configured.
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* @hrows MBoxException if other internal driver error occurs.

* @hrows MBoxException if error in conmunication with SSI encoder.
*

* @eturns notor positon from SSI encoder.

*/
fl oat readMt or SSI Position(const string nane) throw MBoxException);

/**

* Resets notor actual PMAC position in notor counts.

*

* @araniin] name nane of the notor

* @aranfin] position position to reset to.

*

* @hrows MBoxException if shared nmenory error occurs or |ocking the
shared menory times out.

* @hrows MBoxException if operation not all owed.

* @hrows MBoxException if named notor not configured.

* @hrows MBoxException if internal driver error occurs.

* @hrows MBoxException if error in conmunication with PVAC

* @hrows MBoxException if PMAC responds with error code.

*/

voi d reset Mbtor Position(const string nane, const float position)

t hr o MBoxExcepti on);

/**

* Set notor velocity in nmmsec for one notor.

*

* @araniin] name nane of the notor

* @araniin] velocity velocity for notor in nm sec

*

* @hrows MBoxException if shared nmenory error occurs or | ocking the
shared menory times out.

* @hrows MBoxException if operation not all owed.

* @hrows MBoxException if named notor not configured.

* @hrows MBoxException if internal driver error occurs.

* @hrows MBoxException if error in conmunication with PMAC

* @hrows MBoxException if PMAC responds with error code.

*/

voi d set Mot or Vel ocity(const string nane, const float velocity)

t hr o MBoxExcepti on);

/**
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* Reads notor velocity in nm sec.

* @araniin] name name of the notor

*

shared nmenory times out.

* @hrows MBoxException if internal driver

*

* @eturns velocity in nm sec
#

/**

* Set notor acceleration tine in sec.

*

* @araniin] name name of the notor

*

shared nmenory times out.

* @hrows MBoxException if internal driver

*/
accel erati onTi ne) throw( MBoxExcepti on);
/**

* Reads notor acceleration tine in sec.

*

* @araniin] name name of the notor

*

shared nmenory tinmes out.

* @hrows MBoxException if internal driver

error

voi d set Mot or Accel erati onTi ne(const string nane,

error

* @hrows MBoxException if shared nmenory error occurs or |ocking the

* @hrows MBoxException if naned notor not configured.
error
* @hrows MBoxException if error in conmunication with PVAC
* @hrows MBoxException if PMAC responds with error code.

occurs.

float readMtor Vel ocity(const string name) throw( MBoxException);

* @aranfin] accelerationTine acceleration tine for notor in sec

* @hrows MBoxException if shared nmenory error occurs or |ocking the

* @hrows MBoxException if operation not all owed.
* @hrows MBoxException if named notor not configured.

occurs.

* @hrows MBoxException if error in conmunication with PVAC
* @hrows MBoxException if PMAC responds with error code.

const fl oat

* @hrows MBoxException if shared nmenory error occurs or |ocking the

* @hrows MBoxException if named notor not configured.

occurs.

* @hrows MBoxException if error in conmunication with PVAC
* @hrows MBoxException if PMAC responds with error code.
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*

* @eturns notor acceleration tine in sec.
*/
fl oat readMt or Accel erati onTi ne(const string nane) throw MBoxException);

/**

* Set notor drive direction.

*

* @araniin] name nane of the notor

* @aranfin] driveDirection notor drive direction. True neans positive,
fal se neans negati ve.

*

* @hrows MBoxException if shared menmory error occurs or |ocking the
shared nmenory tinmes out.

* @hrows MBoxException if operation not all owed.

* @hrows MBoxException if named notor not confi gured.

* @hrows MBoxException if internal driver error occurs.

* @hrows MBoxException if error in conmunication with PVAC

* @hrows MBoxException if PMAC responds with error code.

*/

voi d set MbtorDriveDirection(const string name, bool driveDirection)

t hr om MBoxExcepti on);

/**

* Reads notor drive direction.
*

* @araniin] name nanme of the notor

*

* @hrows MBoxException if shared nmenory error occurs or |ocking the
shared menory times out.

* @hrows MBoxException if named notor not configured.

* @hrows MBoxException if internal driver error occurs.

* @hrows MBoxException if error in conmunication with PVAC

* @hrows MBoxException if PMAC responds with error code.

*

* @eturns true if notor driver direction is clockw se, fal se otherw se.

*/

bool readMdtorDriveDirection(const string nane) throw MBoxException);

/**

* Set notor pulse width in usec. Note, due to how PMAC handl es pul se
width, this setting is applied for groups of 4 notors only.
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* E.g. if it is changed for one notor in group 1-4 it will be applied for
all 4 notors. It is simlar for notors 5-8.

* @araniin] name name of the notor
* @aranfin] pulseWdth pul se width

* @hrows MBoxException if shared nmenory error occurs or |ocking the
shared nmenory times out.

* @hrows MBoxException if operation not all owed.

* @hrows MBoxException if named notor not configured.

* @hrows MBoxException if internal driver error occurs.

* @hrows MBoxException if error in conmunication with PVAC

* @hrows MBoxException if PMAC responds with error code.

*/

voi d set Mot or Pul seW dt h(const string name, const float pul seWdth)
t hr o MBoxExcepti on);

/**

* Reads nmotor pulse width in usec. Note, due to how PMAC handl es pul se
width, this setting is valid for groups of 4 notors only.

* E.g. if it is changed for one notor in group 1-4 it will be applied for
all 4 notors. It is simlar for notors 5-8.

*

* @araniin] name name of the notor

*

* @hrows MBoxException if shared nmenory error occurs or |ocking the
shared nmenory times out.

* @hrows MBoxException if naned notor not configured.

* @hrows MBoxException if internal driver error occurs.

* @hrows MBoxException if error in conmunication with PVAC

* @hrows MBoxException if PMAC responds with error code.

* @eturns pulse width in usec.
*/
fl oat readMot or Pul seW dth(const string name) throw MBoxException);

/**

* Set notor polarity.

* @araniin] name name of the notor
* @aranfin] pulsePolarity pulse polarity
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* @hrows AccessControl Exception if shared nenory error occurs or | ocking
the shared nenory times out.

* @hrows MBoxException if operation not all owed.

* @hrows MBoxException if named notor not configured.

* @hrows MBoxException if internal driver error occurs.

* @hrows MBoxException if error in conmunication with PVAC

* @hrows MBoxException if PMAC responds with error code.

*/

voi d set Mot or Pul sePol arity(const string nane, const bool pul sePolarity)

t hr o MBoxExcept i on);

/**

* Reads motor pul se polarity.

*

* @araniin] name nane of the notor

*

* @hrows MBoxException if shared menmory error occurs or |ocking the
shared nmenory tinmes out.

* @hrows MBoxException if named notor not configured.

* @hrows MBoxException if internal driver error occurs.

* @hrows MBoxException if error in conmunication with PMAC

* @hrows MBoxException if PMAC responds with error code.

*

* @eturns pul se polarity.

*/

bool readMot or Pul sePol arity(const string nanme) throw( MBoxException);

/**

* Set notor limt switch enabled. If limt switch are enabled, PMAC wi ||
stop notors on soft linmts.

*

* @araniin] name nane of the notor

* @araniin] enabled true if linmt switch enabl ed, fal se otherw se

*

* @hrows MBoxException if shared nmenory error occurs or |ocking the
shared menory times out.

* @hrows MBoxException if operation not all owed.

* @hrows MBoxException if named notor not configured.

* @hrows MBoxException if internal driver error occurs.

* @hrows MBoxException if error in conmunication with PMAC

* @hrows MBoxException if PMAC responds with error code.

*/
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voi d set MbtorLinmtSw tchEnabl ed(const string nanme, const bool enabl ed)
t hr o MBoxExcepti on);

/**

* Reads notor [imt swi tch enabl ed/disabled flag.

*

* @araniin] name name of the notor

*

* @hrows MBoxException if shared nmenory error occurs or |ocking the
shared nmenory tinmes out.

* @hrows MBoxException if named notor not configured.

* @hrows MBoxException if internal driver error occurs.

* @hrows MBoxException if error in conmunication with PVAC

* @hrows MBoxException if PMAC responds with error code.

*

* @eturns true if notor lint switch is enabled, false otherw se

*/

bool readMotorLintSw tchEnabl ed(const string name) throw( MBoxException);

/**

* Set notor mininumposition in notor counts.

*

* @araniin] name name of the notor

* @aranfin] mn mnimmposition is notor counts

*

* @hrows MBoxException if shared nmenory error occurs or |ocking the
shared nmenory tinmes out.

* @hrows MBoxException if named notor not configured.

* @hrows MBoxException if internal driver error occurs.

* @hrows MBoxException if error in conmunication with PVAC

* @hrows MBoxException if PMAC responds with error code.

*/

voi d set Mot or M nPosi ti on(const string nane, const float nin)

t hr o MBoxExcepti on);

/**

* Set notor maxi mum position in mm

*

* @araniin] name name of the notor

* @aranfin] max maxi mum position is nm

*

* @hrows MBoxException if shared nmenory error occurs or |ocking the
shared nmenory times out.
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* @hrows MBoxException if named notor not configured.
* @hrows MBoxException if internal driver error occurs.
* @hrows MBoxException if error in conmunication with PVAC
* @hrows MBoxException if PMAC responds with error code.
*/
voi d set Mot or MaxPosi ti on(const string nanme, const float max)
t hr om MBoxExcepti on);

/**

* Reads notor m ni mum position in mm
*

* @araniin] name nanme of the notor

*

* @hrows MBoxException if shared nmenory error occurs or |ocking the

shared menory times out.

* @hrows MBoxException if named notor not configured.

* @hrows MBoxException if internal driver error occurs.

* @hrows MBoxException if error in conmunication with PVAC

* @hrows MBoxException if PMAC responds with error code.

*

* @eturns mnimumposition in mm

*/
fl oat readMdt or M nPosition(const string nane) throw MBoxException);

/**

* Reads notor maxi mum position in mm

*

* @araniin] name nane of the notor

*

* @hrows MBoxException if shared menmory error occurs or |ocking the
shared nmenory tinmes out.

* @hrows MBoxException if named notor not configured.

* @hrows MBoxException if internal driver error occurs.

* @hrows MBoxException if error in conmunication with PMAC

* @hrows MBoxException if PMAC responds with error code.

*

* @eturns maximum position in nmm

*/

fl oat readMdt or MaxPosition(const string nane) throw MBoxException);

/**

* Reads nptor break status.
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* @araniin] name name of the notor

*

* @hrows MBoxException if shared nmenory error occurs or |ocking the
shared nmenory tinmes out.

* @hrows MBoxException if named notor not configured.

* @hrows MBoxException if internal driver error occurs.

* @hrows MBoxException if error in conmunication with PVAC

* @hrows MBoxException if PMAC responds with error code.

*

* @eturns notor brake status. True neans brake is off. Fal se neans break
is on.

=

bool readMot or BreakSt at us(const string nane) throw MBoxException);

/**

* Reads notor overheat st atus.

*

* @araniin] name name of the notor

*

* @hrows MBoxException if shared nmenory error occurs or |ocking the
shared nmenory tinmes out.

* @hrows MBoxException if named notor not configured.

* @hrows MBoxException if internal driver error occurs.

* @hrows MBoxException if error in conmunication with PVAC

* @hrows MBoxException if PMAC responds with error code.

*

* @eturns notor overheat status. True when overheat, fal se otherwi se.

*/

bool readMot or Over heat St at us(const string nane) throw MBoxException);

/**

* Reads npotor interlock status.
*

* @araniin] name nanme of the notor

*

* @hrows MBoxException if shared nmenory error occurs or |ocking the
shared nmenory times out.

* @hrows MBoxException if naned notor not configured.

* @hrows MBoxException if internal driver error occurs.

* @hrows MBoxException if error in conmunication with PVAC

* @hrows MBoxException if PMAC responds with error code.

*

* @eturns notor interlock status. True when interlock, false otherw se.

*/

bool readMbdt or Axi sl nt Status(const string name) throw( MBoxException);

COPYRIGHT © 2012 BY COSYLAB -33 -



MoOTION CONTROL SOFTWARE

3.2 ACCESS CONTROL

Since more than one process is used to control motors on M-Box access control has to
be implemented. The job of the access control is to:

+ prevent concurrent access

« grant access rights for certain operation depending on the nature of the caller

The following processes will use be used to manipulate motors on M-Box:
- FESA class
« Local control server

+ M-Box front panel LCD application

Access control is implemented using shared memory. A single object is created in
shared memory which holds the following information:

« current mode which can be one of:
- Remote control, used by FESA class

- Local control, used by local control server and LCD application, FESA class
has read only access

- Local configuration, used by local control to modify configuration, LCD
application and FESA class have read only access

- state of the semaphore used to prevent concurrent access to the low level
drivers (Ethernet, serial)

« locked counter, used to clean up shared memory in case 'user' of the shared
memory object crashed. See Access control monitor for details.

+ Heart beat counter, used to implement fallback from local control mode to
remote mode (used if local control mode operator forgets to change the mode).
Local configuration mode does not have a fallback mode as this can be
potentiality dangerous if the configuration of the motors was changed but not
verified.
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4 LOCAL CONTROL SERVER AND GUI

Maintenance persons need separate maintenance access. The access is needed to:
« Configure motor parameters
« Have access to all diagnostic data
+ Operate individual motors
« Operate pair of motors
Maintenance access to devices installed in the accelerator will be needed:
+ In case of trouble shooting (problems in accelerator operation)
+ In case of reconfiguring in shutdown periods

Maintenance access is independent of control system infrastructure (control system
middleware, central data bases, ...) and is possible via direct network connection to
M-Box.

Local control consists of two parts as shown on figure below:
+ Local control server

o C++ Ethernet socket server implementation which uses system driver to
manipulate motors.

« Local control GUI

o Java GUI which can be run from remote computer. It communicates with
local control server via Ethernet. Described in details below.

GUI - Java application

TCP/P T
Y

Local control server

!

System driver
A

TCP/IP, Serial
J

PMAC, potentiometer, SSI encoders

Figure 1: Layout of the local control
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4.1 LocAL cONTROL GUI

Local control GUI is basically divided into two main screens:
« Motor and motor pair configuration screen

+ Motor and motor pair control screen

Motor and motor pair configuration screen can be seen on the figure below.

@ Communication status @ Initialize drive Remote/Local NjA Display units N/A Connected to NjA
Main | Motor Drive | Motor Setup
Motor1 & Motor2 | Motor3 & Motord | Motor5 & Motor6 | MotorT & Motors
Motor Setup Motorl Motor Setup Motor2
Motor name Motor 1 Mator name Motor2
HW limits enabled v /A HW limits enzbled v nNjA
high 0 @ [mm] N/A [m] high u@ [mm] NjA [mm]
Low limit 0 @ [mm] N/A [m] Low limit u@ [mm] NjA [mm]
High limit offset n@ ] N/A High limit offset n [mm] NjA
Low limit offset 0 @ [mm] NJA [mm] Low limit offset n [mm] NjA [mm]
Drive direction anticlockwise /A Drive direction antidockwise NjA
Pulse width 0 [wsed /A [usec] Puise width 0 [usec] NjA [usec]
Pulse polarity negative ¥ /A Pulse polarity negative > NjA
Velocity 0]  [mm_sed NjA [mm_sec] Velocity o] [mseq NjA [mm_sec]
Acceleration time n@ [msec] NJA [msec] Acceleration time n [msed] NjA [msed]
Encoder type potentiometer /A Encoder type potentiometer NjA
Mount arientation left/down v /A Motnt orientation Ieftjdown v nNjA
Installation orientation harizontsl v /A Instzlation orientation horizontsl v nNjA
Motor counts D@ [countsfmm] A [counts/mm] Motor counts 0] [counts/mm] NjA [counts/mm]
Offset [i} @ [mm] N/A [mm] Offset of [mm] NjA [mm]
Position factor o NjA Position factor o] NjA
58T resolution D@ [values/360deg)  NjA [values/360deg) SST resolution u@ [values/350deg)  njA [values/350deg)
581 values n@ [values/360deg)  NjA [values/3560deq) 55T values of [values/360deq)  njA [values/350deq)
Potentiometer length 0 @ [mm] NJA [mm] Potentiometer length 0| [mm] NjA [mm]
Potentiometer reference /A M Potentiometer reference NjA il
Pair Setup Pairl
Pair Name Pair1
Hardware middle switch (if cisabled, software check is enabled) disabled > N/A
Hardware middle switch polarity low v N/A
Virimum spacing (valid enly if hw middle snitch s disabled) o o] yya [mm]
Properties
File name ‘I Location  PC (v
I

Figure 6: Motor and motor pair configuration screen

Motor and motor pair configuration screen offers modification of the following
parameters for each motor :

« nomenclature of the motor

+ mounting orientation

- part of motor pair or not

- horizontal or vertical installation

« encoder type selection

- middle switch enabled or disabled

« limit switch enabled/disabled

« set driver direction CW/CCW (linked to PMAC variable I7mn8, see [3])

- 36 - COPYRIGHT © 2012 BY COSYLAB



MoTION CONTROL SOFTWARE

« driving frequency (velocity)

+ pulse width (linked to PMAC variables I7m03 and I7m04, see [3])

» pulse polarity (linked to PMAC variable [7mn7, see [3])

+ acceleration time

« engineering unit to steps conversion (EGU/encoder steps)

« offset

+ positive/negative limits

« position factor

+ minimum spacing if middle switch disabled

Configuration screen also offers properties to be saved/load to/from files on the PC
where local control GUI is running or directly to/from M-Box.

Motor and motor pair control screen is shown on the figure below:

= — =y
| ] Siit Local Control Java - local-control/src/com/cosylab/fair/localcontrol/ [ ==
gui/Language java - Eclipse
@ Communication status @ Initialize drive Remote/Local Tocal configuration Display units mm Connected to 10.5.2.142
P —
Main | Motor Drive | Motor Setup
motorl & motor2 | motor3 & motord | motor5 & motor6 | motor? & motor8
Status motorl General status Status motor2
@ PMAC comm error
@ outside HW limit @ Break A @ oOutside HW limit @ Break
@ Inside HW limit @ WMoving @ Shared memory ermor @ Inside HW imit @ Moving
@ outside softlimit @ outside soft it
@ Inside soft lmit Status Poirt @ Inside soft limit
us Pair:
@ overheat @ overheat
@ Interock : :suammar =t @ Interlock
@ Following error elauing Errer @ Following error
Amplifier fauit @ Mirimum spacing Amplifier fauit
[
Moving
Pair Position Pairl
Frrrrrr T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T I T T T T T T T T T I T T T T T T T T T T T T T T TTTTETTTITTTITTITA
-420 -338 -256 174 8.2 -1.0 72 16.4 236 318 101
Motor Drive motorl Motor Drive motor2 |
Position 15.892 rm] Fosition 26.518 [rom]
Set position (B Set position (Bl
[#«] =1 0.0242 [ > J»] [« < =] 0.0242 (2> [ »]
Actual position -19.232 [mm] Actual position 26.535 [mm]
Move [ Toousdeimt ] | Start ] | Stop | [_Tensdeimt ] Move [ Toousdelimt | | Start ] | Stop | [_Toinsdeimt |
[More ) [More )
Pair Drive Pairl !
Center 0.0 rom] Gap 0.0 rm] 4
E fro] oF fr]
Actual center 3.6515 from] Actual gap 45.767 frm]
Mave | To outside limit_| | Start ] Stop | Toinside limit_|

‘@ 09:54:57 - java.net. ConnectException: Connection refused: conngct

.

Figure 10: Motor and motor pair control screen

As shown on the figure above motor and motor pair screen is divided into two
sections. Upper side of the screen comprises:

+ Motor and motor pair status

COPYRIGHT © 2012 BY COSYLAB
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« General status
« Graphical presentation of motor positions

Lower part comprises motor and motor pair controls.
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5 ACCESS CONTROL MONITOR

Access control monitor is an application which resides on M-Box and monitors the
state of the shared memory used for access control. It performs the following tasks:

- monitors the lock counter of shared object. If object is locked for 10 seconds
and the counter does not increase in this time (which would indicate that
process locking the object crashed) then object is unlocked so that it can be
used by other processes.

+ Monitors the heart beat counter of local control mode. When local control is
active it will increase this counter. If the counter will not increase for a certain
time the monitor application will change the mode to remote control. The time-
out for this callback to occur is configurable via configuration file.

Code base for this application is part of the system driver described in chapter 3.
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6 FESA DEVICE SERVER

FESA class mirrors the functionality supported in the system driver i.e. FESA class
offers control of single or pair of motors.

6.1 GENERAL DESIGN

6.1.1 Class composition

Two FESA classes are provided. A FESA class to manipulate a single motor and a
FESA class to manipulate pair of motors. FESA composition mechanism is used to
deploy them as single deployment unit.

6.1.2 Data Types

Floating point values are of float type. Step unit values are of 32-bit integer type.
Information property items are numeric for numerical items and strings for the rest.

6.1.3 Data Synchronization and Notifications

FESA class stores all the set-point data and the read-back data received from system
driver.

Since the system driver does not support callbacks for notifications of data change,
and FESA properties interface assumes that properties can be monitored for
changes, the notification mechanism is implemented in the FESA class.

Notification mechanism uses polling of the data on the system driver at regular
intervals. It is assumed that FESA does not handle very frequent updates well, so the
polling is expected to be done at a 1s interval. Due to the low update rate, there is no
distinction between properties and all are updated at this same interval.

To use an already existing FESA functionality, a custom software event generator is
included in the RT part of the FESA class design to perform the notifications. On the
event, all data is read from the system driver and compared to stored data. On a
change, the relevant properties are notified, and the new values are stored.

On the client property get request, the values are read from the system driver instead
of from the stored values. This is done with the assumption that the reads on the
system driver are not a bottleneck.

On the client property set request, the value is set on the system driver regardless if
the value is the same as old value, and no checking with re-reading is performed.
This assumes that the system driver throws an exception in every situation in which
the value could not be set exactly.
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6.1.4 Property Coupling

A change in a property can trigger an immediate or delayed change of a status
property. When a change of status is unconditional due to logic dependency, the
status property is always notified. When a change of status happens only in the case
of an error, the status property is notified when an exception is thrown. Delayed
status changes are ignored as they are handled by periodic polling notifications.

6.1.5 Error Handling

FESA class checks the error state and catches exceptions generated by the system
driver, and re-throws them as FESA exceptions.

All writable parameters whose valid range is not checked in the system driver are
checked in the FESA class, and appropriate exceptions are thrown.

6.1.6 Initialization

During FESA class initialization, the system driver is first initialized from
configuration files and then property values are set from the driver. All changed
properties are notified. For motor parameters initialization FESA instantiation XML
files are not used. These files are used only for FESA specific initialization.

6.1.7 Access control

As described in chapter Access control access control is implemented on the system
driver level. When system is in use by local control FESA class will be denied any
manipulation of the motors (e.g. change of setpoints, moving the motors etc.), only
reading from the system driver is possible.

6.2 CLASS PROPERTIES

6.2.1 Motor class

Property Property Value Items | Value Item unit description
name type name type
Status status

mode-item GSI-mode-field Always on

control-item GSI-control-field REMOTE/LOCAL
CONTROL/
LOCAL CONFIG

status-item GSI-status-field UNKNOWN/OK/
WARNING/ERRO
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R

detailed-status-
field

GSI-detailed-
status-field

0 - Pmac comm
error

1 - encoder comm
error

2 - shared
memory error

3 - internal error

motorStatus

bitset

0 - inner hw end
limit set

1 - outer hw end
limit set

2 - inner sw end
limit set

3 - outer sw end
limit set

4 - moving

5 - fatal following
error

6 - amplifier fault
7 - overheat

8 - axis interlock
9 - break

10 -
potentiometer
reference error

11- middle switch
(only used if
motor is paired)

Power

power

Always on.

Returns error if
try to switch it
off.

Init

init

Initialize (from
XML and
configuration
files)

Motor is not
moved.

Set position and
readback are
consistent.

Reset

reset

Same as init.

Version

version

Version of hw,
firmware, driver,
fesa class, fesa
framework

Setting

setting

- 42 -
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position

float

meter

Absolute position
setpoint

Acquisition

acquisition

position

float

meter

Absolute position
readback

position_status

AQN_STATUS

Set to
DIFFERENT FRO
M SETTING
when deviation
from set value
greater
position_tolAbs

position tolAbs

float

meter

Absolute
tolerance of
deviation

setPosition

float

meter

Absolute position
setpoint

resolution

float

meter

Resolution
precision of
readback

motorStatus

bitset

0 - inner hw end
limit set

1 - outer hw end
limit set

2 - inner sw end
limit set

3 - outer sw end
limit set

4 - moving

5 - fatal following
error

6 - amplifier fault
7 - overheat

8 - axis interlock
9 - break

10 -
potentiometer
reference error

11- middle switch

(only used if
motor is paired)

PositionRelative

setting

positionVariation

float

meter

Move relative to
current value.

MoveSteps

setting

steps

int

Stepwise relative
movement

ToEndPosition

setting

endPosition

int

0/1

move to
inner/outer end
position (0: out,
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1:in)
StopMotor command / / / /
Configuration acquisition
encoderType string list potentiometer
ssi
mounting string list left/down
right/up
installation string list vertical
horizontal
partOfPair string list yes
no
settingResolution | float meter minimum
possible
movement (1
step)
maxPosition float meter
minPosition float meter
offset float meter
positionFactor float /
driveDirection string list clockwise
anticlockwise
pulseWidth float microseconds
pulsePolarity string list positive
negative
accelerationTime | float seconds
limitsEnabled string list yes
no
potentiometerLen | float meter
gth
velocity float meter/s
ssiTurnResolution | integer counts Number of counts
per one encoder
turn.
ssiResolution float meter Resolution of ssi
encoder
referenceVoltage |float Volt Maximum
Limit allowed
difference for
referenceVoltage
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Diagnostics

acquisition

referenceVoltage

float

Volt

Reference voltage

positionFactor

float

offset

float

meter

positionVoltage

float

Volt

Raw position
value received
from
potentiometer

positionSSI

integer

counts

Raw position
value received
from
potentiometer

6.2.2 Slit class

Property
name

Property
type

Field name

Field type

description

Status

status

mode-item

GSI-mode-field

Always on

control-item

GSI-control-field

REMOTE/LOCAL
CONTROL/
LOCAL CONFIG

status-item

GSI-status-field

UNKNOWN/OK/W
ARNING/ERROR

detailed-status-
field

GSlI-detailed-
status-field

0 - Pmac comm
error

1 - encoder comm
error

2 - shared
memory error

3 - internal error

motorlStatus

bitset

0 - inner hw end
limit set

1 - outer hw end
limit set

2 - inner sw end
limit set

3 - outer sw end
limit set

4 - moving

5 - fatal following
error
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6 - amplifier fault
7 - overheat

8 - axis interlock
9 - break

10 -

potentiometer
reference error

11- middle switch
(only used if
motor is paired)

motor2Status

bitset

0 - inner hw end
limit set

1 - outer hw end
limit set

2 - inner sw end
limit set

3 - outer sw end
limit set

4 - moving

5 - fatal following
error

6 - amplifier fault
7 - overheat

8 - axis interlock
9 - break

10 -
potentiometer
reference error

11- middle switch

(only used if
motor is paired)

slitsStatus

bitSet

0 - middle switch
status

Power

power

Always on.

Error if try to
switch it off.

Init

init

Initialize (from
XML and
configuration
files)

Motor is not
moved.

Set position and

readback are
consistent.

Reset

reset

Same as init.

Version

version

Version of hw,
firmware, driver,

- 46 -

COPYRIGHT © 2012 BY COSYLAB



MoTION CONTROL SOFTWARE

fesa class, fesa
framework

Setting

setting

center

float

meter

Slit center

width

float

meter

Slit width

Acquisition

acquisition

center

float

meter

Actual center

width

float

meter

Actual width

center status

AQN_STATUS

Set to
DIFFERENT FRO
M SETTING
when deviation
from set value
greater
position_tolAbs

center tolAbs

float

meter

Absolute
tolerance of
deviation

width_status

AQN_STATUS

Set to
DIFFERENT FRO
M_SETTING
when deviation
from set value
greater

position tolAbs

width tolAbs

float

meter

Absolute
tolerance of
deviation

setCenter

float

meter

Center setpoint

setWidth

float

meter

Width setpoint

resolutionl

float

meter

Resolution
precision of
readback

resolution2

float

meter

Resolution
precision of
readback

motorlStatus

bitset

0 - inner hw end
limit set

1 - outer hw end
limit set

2 - inner sw end
limit set

3 - outer sw end
limit set

4 - moving

5 - fatal following
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error
6 - amplifier fault
7 - overheat

8 - axis interlock
9 - break

10 -
potentiometer
reference error

11- middle switch

motor2Status bitset / 0 - inner hw end
limit set

1 - outer hw end
limit set

2 - inner sw end
limit set

3 - outer sw end
limit set

4 - moving

5 - fatal following
error

6 - amplifier fault
7 - overheat

8 - axis interlock
9 - break

10 -
potentiometer
reference error

11- middle switch

slitsStatus bitSet / 0 - middle switch
status

CenterRelative setting centerVariation float meter Move center
relative to current
set value

WidthRelative setting widthVariation float meter Move width
relative to current
set value

ToEndPosition setting endPosition int 0/1 move to
inner/outer end
position (0: out, 1:

in)
StopMotor command / / / Stops both motors
Configuration read-only
encoderTypel string list potentiometer
ssi
mounting1l string list left/down
right/up
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installationl string list vertical
horizontal
partOfPairl string list yes
no
settingResolution |float meter minimum possible
1 movement (1
step)
maxPositionl float meter
minPosition1 float meter
offsetl float meter
positionFactorl float /
driveDirectionl string list clockwise
anticlockwise
pulseWidth1 float microseconds
pulsePolarityl string list positive
negative
accelerationTime |float seconds
1
limitsEnabled1 string list yes
no
potentiometerLen | float meter
gthl
velocityl float meter/s
ssiTurnResolution |integer counts Number of counts
1 per one encoder
turn.
ssiResolution1 float meter Resolution of ssi
encoder
referenceVoltage |float Volt Maximum allowed
Limit1 difference for
referenceVoltage
encoderType?2 string list potentiometer
ssi
mounting?2 string list left/down
right/up
installation2 string list vertical
horizontal
partOfPair2 string list yes
no
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settingResolution | float meter minimum possible
2 movement (1
step)
maxPosition2 float meter
minPosition2 float meter
offset2 float meter
positionFactor2 float /
driveDirection2 string list clockwise
anticlockwise
pulseWidth2 float microseconds
pulsePolarity2 string list positive
negative
accelerationTime | float seconds
2
limitsEnabled2 string list yes
no
potentiometerLen | float meter
gth2
velocity2 float meter/s
ssiTurnResolution | integer counts Number of counts
2 per one encoder
turn.
ssiResolution2 float meter Resolution of ssi
encoder
referenceVoltage |float Volt Maximum allowed
Limit2 difference for
referenceVoltage
middleSwitch string list enabled/disabled |If disabled then
sw check is
enabled
minimumSpacing |float meter Minimum
distance if sw
middle switch
enabled
middleSwitchPola | string list meter Polarity for hw
rity middle switch.
Diagnostics acquisition
referenceVoltage |float Volt Reference voltage
1
positionFactorl float /
offsetl float meter
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positionSSI1 integer counts Raw position
value received
from
potentiometer

referenceVoltage |float Volt Reference voltage

2

positionVoltage2 |float Volt Raw position
value received
from
potentiometer

positionSSI2 integer counts Raw position
value received
from
potentiometer

positionFactor2 float /

offset2 float meter
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7 CONFIGURATION FILES

Systems uses several configuration files during initialization and for persistence. The
following configuration files are used in the system:

« PMAC properties file

o This file contains PMAC configuration setup and commands that needs to
be executed to drive single motor or pair of motors, to stop single motor or
pair of motors etc. This file needs to be changed only if basic system
reconfiguration is done e.g. reconfiguration of motor channels. It is used by
the system driver.

« Motor properties file

- This file contains all motor settings that can be changed by the user (e.g.
drive direction, default velocity, default acceleration, ...) using local control
GUI. This file is used by system driver during initialization or on user
request via local control GUI.

« FESA device server instantiation file

o This is standard FESA instantiation XML configuration file. It includes all
initial values for parameters that are of specific use by FESA device server
only.

« Startup files

- These files are used for startup options (e.g. location of log files etc) for the
local control server, LCD control and access control monitor.
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