Filter Objects

Filter Objects

Introduction

A Filter object manages a single filter on a controller. It represents the control algorithm
used to control a motor in a closed-loop system. The Filter contains an algorithm, a set
of coefficients, inputs, and an output. Its primary responsibility is to take the difference
between the command and actual positions and then calculate the output based on the
control algorithm and coefficients.

For simple systems, there is a one-to-one relationship between the Axis, Filter, and
Motor objects.

| Error Messages |
Methods

Create, Delete, Validate Methods

mpiFilterCr eate Create Filter object
mpiFilterDelete Delete Filter object
mpiFilterValidate Validate Filter object

Configuration and Information Methods

mpiFilterConfigGet Get Filter configuration

mpi FilterConfigSet Set Filter configuration
mpiFilterFlashConfigGet Get flash configuration for Filter
mpiFilterFlashConfigSet Set flash configuration for Filter
mpiFilterGainGet Get gain coefficients
mpiFilterGainSet Set current gain index
mpiFilterGainl ndexGet Get current gain index
mpiFilterGainl ndexSet Set current gain index

Memory Methods

mpiFilterM emory Get address to Filter memory
mpiFilterM emor yGet Copy data from Filter memory to application memory
mpiFilterM emor ySet Copy data from application memory to Filter memory

Relational Methods

mpiFilterAxisM apGet Get object map of axes associated with Filter
mpi FilterAxisM apSet Set axes associated with Filter
mpiFilterControl Return handle of Control that is assoiciated with Filter
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Filter Objects

mpiFilterM otor M apGet Get object map of Motors associated with Filter
mpi FilterM otor M apSet Set Motors to be associated with Filter
mpiFilterNumber Get index of Filter (for Control list)

Action Methods
mpiFilterl nter grator Reset Reset the integrators of filter.

Postfilter Methods
meiFilterPostfilter Get Reads postfilter information.
meiFilterPostfilter Set Writes postfilter information.
meiFilterPostfilter SectionGet Reads postfilter section information.
mei FilterPostfilter SectionSet Writes postfilter section information.

Data Types

MPIFilterCoeff

MPIFilterConfig / MEIFilterConfig
MEIFilterForm

MPIFilterGain

MEIFilterGainl ndex
MEIFilterGainPI D
MEIFilterGainPI DCoeff
MEIFilterGainPIV
MEIFilterGainPIV Coeff

MEIFilterGainTypePI D

MEIFilterGainTypePIV
MPIFilterM essage

MEIFilterType
M ElPostfilter Section

Constants

MPIFilterCoeff COUNT _MAX
MPIFilterGainCOUNT MAX
MEIM axBiQuadSections
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mpiFilterCreate

mpiFilterCreate

Declaration

MPIFilter npiFilterCreate(MPl Control control,
| ong nunber)

Required Header: stdmpi.h
Description

mpiFilterCreate creates a Filter object associated with a filter (number), that is
located on a motion controller (control). FilterCreate is the equivalent of a C++

constructor.
Return Values
handle to an Filter object
MPIHandlevOID if the Filter object could not be created
See Also

mpiFilterDelete | mpiFilterValidate
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mpiFilterDelete

mpiFilterDelete

Declaration
long npiFilterDelete(MPIFilter filter)
Required Header: stdmpi.h

Description

mpiFilterDelete deletes a Filter object and invalidates its handle (filter). FilterDelete
is the equivalent of a C++ destructor.

Return Values

M PIM essageOK

See Also

mpiFilterCreate | mpiFilterValidate
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mpiFilterValidate

mpiFilterValidate

Declaration
long npiFilterValidate(MPIFilter filter)
Required Header: stdmpi.h

Description

mpiFilterValidate validates the Filter object and its handle (filter).

Return Values

M PIM essageOK

See Also

mpiFilterCreate | mpiFilterDelete
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mpiFilterConfigGet

mpiFilterConfigGet

Declaration
| ong npi FilterConfigGet(MPILFilter filter,
MPI FilterConfig *config,
voi d *ext ernal)

Required Header: stdmpi.h
Description
mpiFilterConfigGet gets a Filter's (filter) configuration and writes it into the structure
pointed to by config, and also writes it into the implementation-specific structure
pointed to by external (if external is not NULL).
The Filter's configuration information in external is in addition to the Filter's
configuration information in config, i.e, the Filter's configuration information in config

and in external is not the same information. Note that config or external can be
NULL (but not both NULL).

Remarks

external either points to a structure of type MEIFilterConfig{} or is NULL.

Return Values

M PIM essageOK

See Also

mpiFilterConfigSet | MEIFilterConfig
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mpiFilterConfigSet

mpiFilterConfigSet

Declaration
| ong npi FilterConfigSet(MPILFilter filter,
MPI FilterConfig *config,
voi d *ext ernal)

Required Header: stdmpi.h
Description
mpiFilterConfigGet sets a Filter's (filter) configuration using data from the structure
pointed to by config, and from the implementation-specific structure pointed to by
external (if external is not NULL).
The Filter's configuration information in external is in addition to the Filter's
configuration information in config, i.e, the Filter's configuration information in config

and in external is not the same information. Note that config or external can be
NULL (but not both NULL).

Remarks

external either points to a structure of type MEIFilterConfig{} or is NULL.

Return Values

M PIM essageOK

See Also

mpiFilterConfigGet | MEIFilterConfig
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mpi FilterFlashConfigGet

mpiFilterFlashConfigGet

Declaration
| ong npi FilterFl ashConfigGet (MPIFilter filter,
voi d *fl ash,
MPI FilterConfig *config,
voi d *ext ernal)

Required Header: stdmpi.h
Description
mpiFilterFlashConfigGet gets a Filter's (filter) flash configuration and writes it into
the structure pointed to by config, and also writes it into the implementation-specific
structure pointed to by external (if external is not NULL).
The Filter's flash configuration information in external is in addition to the Filter's flash
configuration information in config, i.e., the flash configuration information in config

and in external is not the same information. Note that config or external can be
NULL (but not both NULL).

Remarks

external either points to a structure of type MEIFilterConfig{} or is NULL.

Return Values

M Pl M essageOK

See Also

MEIFlash | mpiFilterFlashConfigSet | MEIFilterConfig
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mpi FilterFlashConfigSet

mpiFilterFlashConfigSet

Declaration
| ong npi FilterFl ashConfigSet (MPIFilter filter,
voi d *fl ash,
MPI FilterConfig *config,
voi d *ext ernal)

Required Header: stdmpi.h
Description
mpiFilterFlashConfigSet sets a Filter's (filter) flash configuration using data from the
structure pointed to by config, and also using data from the implementation-specific
structure pointed to by external (if external is not NULL).
The Filter's flash configuration information in external is in addition to the Filter's flash
configuration information in config, i.e., the flash configuration information in config

and in external is not the same information. Note that config or external can be
NULL (but not both NULL).

Remarks

external either points to a structure of type MEIFilterConfig{} or is NULL.

Return Values

M Pl M essageOK

See Also

MEIFlash | mpiFilterFlashConfigGet | MEIFilterConfig
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mpiFilterGainGet

mpiFilterGainGet

Declaration

long npi FilterGainCGet (MPILFilter filter,

| ong gai nl ndex,
MPI Fi l ter Gai n *gai n)

Required Header: stdmpi.h
Description

mpiFilterGainGet gets the gain coefficients of a Filter (filter, for the gain index specified by
gainindex) and writes them into the structure pointed to by gain.

Return Values

M PIM essageOK

Sample Code

/* Sets reasonabl e tuning paraneters for a Trust TA9000 test stand */
void setPIDs(MPIFilter filter)

{
MPIFilterGain gain;
| ong returnVal ue;

returnValue = npi FilterGinGet(filter, 0, &gain);
msgCHECK( r et ur nVal ue) ;

gai n. coef f[ MEI Fi | t er Gai nPI DCoef f GAI N_PROPCRTI ONAL] . f = (fl oat) 100;

gai n. coef f [ MEI Fi | t er Gai nPI DCoef f GAI N_I NTEGRAL] . f = (fl oat)O. 2;

gai n. coef f [ MEI Fi | t er Gai nPI DCoef f GAI N_DERI VATI VE] . f = (fl oat) 1000;

gai n. coef f[ MEl Fi | t er Gai nPlI DCoef f FEEDFORWARD POSI TION] . f = (fl oat)O;

gai n. coef f [ MEl Fi | t er Gai nPI DCoef f FEEDFORWARD_VELCCI TY] . f = (fl oat) 45;

gai n. coef f[ MEl Fi | t er Gai nPl DCoef f FEEDFORWARD ACCELERATI ON] . f = (fl oat) 101000;
gai n. coef f [ MEI Fi | t er Gai nPI DCoef f FEEDFORWARD_FRI CTI ON] . f = (fl oat) 450;

gai n. coef f [ MEI Fi | t er Gai nPI DCoef f | NTEGRATI ONMAX_MVI NG . f = (fl oat) 15000;
gai n. coef f[ MEl Fi | t er Gai nPI DCoef f | NTEGRATI ONMAX_REST] . f = (fl oat) 15000;
gai n. coef f [ MEI Fi | t er Gai nPI DCoef f DRATE] . f = (fl oat) O;

gai n. coef f[ MEI Fi | t er Gai nPlI DCoef f OUTPUT _LIMT].f = (float) 32767;

gai n. coef f [ MEI Fi | t er Gai nPI DCoef f OUTPUT_LIM TH GH] . f = (fl oat) 32767,

gai n. coef f [ MEI Fi | t er Gai nPI DCoef f OUTPUT_LIM TLOWN .f = (fl oat)-32767;

gai n. coef f[ MEl Fi | t er Gai nPI DCoef f OUTPUT_COFFSET] .f = (fl oat)0;

gai n. coef f [ MEl Fi | t er Gai nPI DCoef f NO SE_POSI TI ONFFT] . f = (fl oat)0;

gai n. coef f[ MEI Fi | t er Gai nPlI DCoef f NO SE_FI LTERFFT].f = (fl oat)O;

gai n. coef f[ MEI Fi | t er Gai nPlI DCoef f NO SE_VELOCI TYFFT].f = (fl oat)O0;

returnValue = npiFilterGinSet(filter, 0, &gain);
nsgCHECK( r et ur nVal ue) ;
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mpiFilterGainGet

Another way to change filter coefficientsis to use mpiFilterConfigGet /Set.

returnValue = npi FilterConfigGet(filter, &config, NULL);
nmsgCHECK( r et ur nVal ue) ;

/*

Look in MEIFilterGi nPl DCoeff to get the indexes.

Not all of the above coefficients are shown in this short exanple.
*/

config.gain[0].coeff[MElFilterGai nPl DCoef f GAI N PROPORTI ONAL] . f = (fl oat) 100;
config.gain[0].coeff[MElIFilterGinPl DCoef f GAI N | NTEGRAL].f = (fl oat)O0. 2;
config.gain[0].coeff[MElFilterGai nPl DCoef f GAIl N_DERI VATI VE] . f = (fl oat) 1000;

returnValue = npi FilterConfigSet(filter, &config, NULL);
nmsgCHECK( r et ur nVal ue) ;

See Also

mpiFilterGainSet | mpiFilterConfigGet | mpiFilterConfigSet
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mpiFilterGainSet

Declaration

long npi FilterGainSet (MPIFilter filter,

| ong gai nl ndex,
MPI Fi l ter Gai n *gai n)

Required Header: stdmpi.h
Description

mpiFilterGainSet sets the gain coefficients of a Filter (filter, for the gain index specified by
gainindex) using data from the structure pointed to by gain.

Return Values

M PIM essageOK

Sample Code

/* Sets reasonabl e tuning paraneters for a Trust TA9000 test stand */
void setPIDs(MPIFilter filter)

{
MPIFilterGain gain;
| ong returnVal ue;

returnValue = npi FilterGinGet(filter, 0, &gain);
msgCHECK( r et ur nVal ue) ;

gai n. coef f[ MEI Fi | t er Gai nPI DCoef f GAI N_PROPCRTI ONAL] . f = (fl oat) 100;

gai n. coef f [ MEI Fi | t er Gai nPI DCoef f GAI N_I NTEGRAL] . f = (fl oat)O. 2;

gai n. coef f [ MEI Fi | t er Gai nPI DCoef f GAI N_DERI VATI VE] . f = (fl oat) 1000;

gai n. coef f[ MEl Fi | t er Gai nPlI DCoef f FEEDFORWARD POSI TION] . f = (fl oat)O;

gai n. coef f [ MEl Fi | t er Gai nPI DCoef f FEEDFORWARD_VELCCI TY] . f = (fl oat) 45;

gai n. coef f[ MEl Fi | t er Gai nPl DCoef f FEEDFORWARD ACCELERATI ON] . f = (fl oat) 101000;
gai n. coef f [ MEI Fi | t er Gai nPI DCoef f FEEDFORWARD_FRI CTI ON] . f = (fl oat) 450;

gai n. coef f [ MEI Fi | t er Gai nPI DCoef f | NTEGRATI ONMAX_MVI NG . f = (fl oat) 15000;
gai n. coef f[ MEl Fi | t er Gai nPI DCoef f | NTEGRATI ONMAX_REST] . f = (fl oat) 15000;
gai n. coef f [ MEI Fi | t er Gai nPI DCoef f DRATE] . f = (fl oat) O;

gai n. coef f[ MEI Fi | t er Gai nPlI DCoef f OUTPUT _LIMT].f = (float) 32767;

gai n. coef f [ MEI Fi | t er Gai nPI DCoef f OUTPUT_LIM TH GH] . f = (fl oat) 32767,

gai n. coef f [ MEI Fi | t er Gai nPI DCoef f OUTPUT_LIM TLOWN .f = (fl oat)-32767;

gai n. coef f[ MEl Fi | t er Gai nPI DCoef f OUTPUT_COFFSET] .f = (fl oat)0;

gai n. coef f [ MEl Fi | t er Gai nPI DCoef f NO SE_POSI TI ONFFT] . f = (fl oat)0;

gai n. coef f[ MEI Fi | t er Gai nPlI DCoef f NO SE_FI LTERFFT].f = (fl oat)O;

gai n. coef f[ MEI Fi | t er Gai nPlI DCoef f NO SE_VELOCI TYFFT].f = (fl oat)O0;

returnValue = npiFilterGinSet(filter, 0, &gain);
nsgCHECK( r et ur nVal ue) ;
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Another way to change filter coefficientsis to use mpiFilterConfigGet /Set.

returnValue = npi FilterConfigGet(filter, &config, NULL);
nmsgCHECK( r et ur nVal ue) ;

/*

Look in MEIFilterGi nPl DCoeff to get the indexes.

Not all of the above coefficients are shown in this short exanple.
*/

config.gain[0].coeff[MElFilterGai nPl DCoef f GAI N PROPORTI ONAL] . f = (fl oat) 100;
config.gain[0].coeff[MElIFilterGinPl DCoef f GAI N | NTEGRAL].f = (fl oat)O0. 2;
config.gain[0].coeff[MElFilterGai nPl DCoef f GAIl N_DERI VATI VE] . f = (fl oat) 1000;

returnValue = npi FilterConfigSet(filter, &config, NULL);
nmsgCHECK( r et ur nVal ue) ;

See Also

mpiFilterGainGet | mpiFilterConfigGet | mpiFilterConfigSet
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mpi FilterGainlndexGet

mpiFilterGainindexGet

Declaration

| ong npi FilterGainlndexGet (MPILFilter filter,
| ong *gai nl ndex)

Required Header: stdmpi.h
Description

mpiFilterGainindexGet gets the current gain index of a Filter (filter) and writes it to
the location pointed to by gainindex. Reading the gain index tells you what gain table
is being used currently.

If the filter is in state MEIXmpSwitchType MEIXmpSwitchTypeMOTION_ONLY, the
gain index is automatically changed by the firmware as described at
MEIXmpSwitchType. When the filter is in state MEIXmpSwitchType

MEIXmpSwitchTypeNONE, the gain index is controlled by the user.

Gain Scheduling is a feature that switches filter gains for the acceleration,
deceleration, constant velocity, and idle states of motion. The post filters are not
affected by gain scheduling. Standard algorithms are used with gain scheduling (PID,
PIV).

Return Values

M PIM essageOK

See Also

MPIFilterConfig | mpiFilterConfigGet | mpiFilterConfigSet | MEIFilterGainindex |
MEIXmpSwitchType | mpiFilterGainindexSet | mpiFilterGainGet | mpiFilterGainSet
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mpi FilterGainlndexSet

mpiFilterGainindexSet

Declaration

| ong npi FilterGainl ndexSet (MPLFilter filter,
| ong gai nl ndex)

Required Header: stdmpi.h
Description

mpiFilterGainindexSet sets the current gain index of a Filter (filter) to gainindex.
Writing the gain index controls what gain table is currently being used.

If the filter is in state MEIXmpSwitchType MEIXmpSwitchTypeMOTION_ONLY, the
gain index is changed automatically by the firmware as described at
MEIXmpSwitchType. Be aware that the filter can change the gain index in real-time,

thereby overwriting your changes in this mode.

When the filter is in state MEIXmpSwitchType MEIXmpSwitchTypeNONE, the gain
index is controlled by the user. This is the normal state when using
FilterGainindexSet(...). Gain Scheduling is a feature that switches filter gains for the
acceleration, deceleration, constant velocity, and idle states of motion. The post filters
are not affected by gain scheduling. Standard algorithms are used with gain
scheduling (PID, PIV).

Return Values

M PIM essageOK

See Also

MPIFilterConfig | mpiFilterConfigGet | mpiFilterConfigSet | MEIFilterGainindex |
MEIXmpSwitchType | mpiFilterGainindexGet | mpiFilterGainGet | mpiFilterGainSet
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mpiFilterMemory

mpiFilterMemory

Declaration

long npi FilterMenory(MPIFilter filter,
voi d **menory)

Required Header: stdmpi.h
Description

mpiFilterMemory writes an address, which is used to access a Filter's (filter)
memory to the contents of memory. This address, or an address calculated from it,
can be passed as the src parameter to MPIFilterMemoryGet(...) and as the dst
parameter to MPIFilterMemorySet(...).

Return Values

M PIM essageOK

See Also

mpiFilterMemoryGet | mpiFilterMemorySet
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mpiFilterMemoryGet

mpiFilterMemoryGet
Declaration
| ong npi Filter MenoryGet (MPLFilter filter,
voi d *dst
const void *src,
| ong count)

Required Header: stdmpi.h
Change History: Modified in the 03.03.00

Description

mpiFilterMemoryGet copies count bytes of a Filter's (filter) memory (starting at
address src) and writes them into application memory (starting at address dst).

Return Values

M PI M essageOK

See Also

mpiFilterMemorySet | mpiFilterMemory
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mpiFilterMemory Set

mpiFilterMemorySet
Declaration
| ong npi Filter MenorySet (MPILFilter filter,
voi d *dst
const void *src,
| ong count)

Required Header: stdmpi.h
Change History: Modified in the 03.03.00

Description

mpiFilterMemorySet copies count bytes of application memory (starting at address
src) and writes them into a Filter's (filter) memory (starting at address dst).

Return Values

M PI M essageOK

See Also

mpiFilterMemorySet | mpiFilterMemory
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mpiFilterAxisMapGet

mpiFilterAxisMapGet

Declaration

| ong npi Filter Axi sMapGet (MPILFilter filter,
MPI Cbj ect Map *axi shvap)

Required Header: stdmpi.h
Description

mpiFilterAxisMapGet gets the object map of the Axes that are associated with a
Filter (filter), and writes it into the structure pointed to by axisMap.

Return Values

M PIM essageOK

See Also

mpiFilterAxisMapSet
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mpi FilterAxisMapSet

mpiFilterAxisMap Set

Declaration

| ong npi Filter Axi sMapSet (MPILFilter filter,
MPI Cbj ect Map axi sMap)

Required Header: stdmpi.h
Description

mpiFilterAxisMapSet sets the Axes associated with a Filter (filter), using data from
the object map specified by axisMap.

Return Values
M PIM essageOK

See Also

mpiFilterAxisMapGet
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mpiFilterControl

mpiFilterControl

Declaration

MPI Control npiFilterControl (MPILFilter filter)

Required Header: stdmpi.h
Description

mpiFilterControl returns a handle to the motion controller (Control object) associated
with the specified Filter object (filter).

Return Values
handle to a Control object that a Filter object is associated with
MPIHandlevOID if the Filter object isinvalid

See Also

mpiFilterConfigGet | MEIFilterConfig
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mpi FilterM otorM apGet

mpiFilterMotorMapGet

Declaration

| ong npi Filter Mot or MapGet (MPILFilter filter,
MPI Cbj ect Map * not or Map)

Required Header: stdmpi.h
Description

mpiFilterMotorMapGet gets the object map of the Motors associated with the Filter
(filter), and writes it into the structure pointed to by motorMap.

Return Values

M PIM essageOK

See Also

mpiFilterMotorMapSet
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mpi FilterM otorM apSet

mpiFilterMotorMap Set

Declaration

| ong npi Filter Mot or MapSet (MPI Fi |l ter filter,
MPI Cbj ect Map not or Map)

Required Header: stdmpi.h
Description

mpiFilterMotorMapSet sets the Motors associated with the Filter (filter) using data
from the object map specified by motorMap.

Return Values
M PIM essageOK

See Also

mpiFilterMotorMapGet
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mpi FilterNumber

mpiFilterNumber

Declaration

| ong npi FilterNunber(MPIFilter filter,
| ong *nunber)

Required Header: stdmpi.h
Description

For a motion controller that filter is associated with, mpiFilterNumber writes the
index of filter to the contents of number.

Return Values

M PIM essageOK

See Also
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mpiFilterintergratorReset

mpiFilterintergratorReset

Declaration
long npiFilterIntegratorReset( MPIFilter filter)
Required Header: stdmpi.h

Description

mpiFilterintergratorReset resets the integrators of filter.

Return Values

MPI M essageOK
MPIFilterMessagel NVALID_ALGORITHM

Sample Code

/* Enable the anplifier for every motor attached to a nmotion supervisor */
voi d noti onAnpEnabl e( VPl Mbtion notion)

{
VPl Cont r ol control ;
MPI AXi s axi s;
MPI Mbt or not or ;
MPI Filter filter;

VPl Obj ect Map map;
MPI Cbj ect Map not i onbt or Map;

| ong not or | ndex;
| ong filterlndex;
| ong r et ur nval ue;
doubl e posi ti on;

| ong enabl eSt at e;

/* Get the controller handle */
control = npi MotionControl (notion);

for (axis = npi MtionAxi sFirst(notion);
axi s != MPI Handl eVO D;
axis = npi MotionAxi sNext(notion, axis)) {

/* Get the object map for the notors */
returnVal ue = npi Axi shot or MapCet (axi s, &map);
msgCHECK( r et ur nVal ue) ;

/* Add map to notionMtorMap */
nmot i onMbt or Map | = map;

}

/* For every notor ... */
for (notorlndex = 0; notorlndex < MEl XnpMAX Mbtors; notorlndex++) {

i f (npi Obj ect MapBi t GET( not i onMbt or Map, not or | ndex)) {

/* Create notor handle */
nmot or = npi Mot or Create(control, notorlndex);
s gCHECK( nmpi Mot or Val i dat e(notor));

/* CGet the state of the anplifier */
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returnVal ue = npi Mot or AnpEnabl eGet (not or, &enabl eState);
msgCHECK( r et ur nVal ue) ;

/* If the anplifier is disabled ... */
if (enableState == FALSE) {

/* For every axis */
for (axis = npiMtionAxisFirst(notion);
axi s !'= MPl Handl eVO D;
axis = npi MotionAxi sNext (notion, axis)) {

[* Get the object map for the notors */
returnVal ue = npi Axi sMot or MapGet (axi s, &map);
nmsgCHECK( r et ur nVal ue) ;

/[* |f axis is attached to motor ... */
i f (npi Obj ect MapBi t GET(map, notorl ndex)) {

/* Get the actual position of the axis */
returnVal ue = npi Axi sAct ual Posi ti onGet (axi s,

&posi tion);
nsgCHECK( r et ur nVal ue) ;
/* Set command position equal to actual position */
returnVal ue = npi Axi sCommandPosi ti onSet (axi s,
posi tion);
msgCHECK( r et ur nVal ue) ;
}
}
/* Get the object map for the filters */
returnVal ue = npi MotorFilter MapGet (notor, &map);
nsgCHECK( r et ur nVal ue) ;
/* For every filter ... */
for (filterlndex = 0;
filterlndex < MEl XmpMAX Fil ters;
filterlndex++) {
i f (npi Cbj ect MapBit GET(map, filterlndex)) {
[* Create filter handle */
filter = npiFilterCreate(control, filterlndex);
nsgCHECK( npi Fil terValidate(filter));
/* Reset integrator */
returnValue = npiFilterlntegratorReset(filter);
nsgCHECK( r et ur nVal ue) ;
/* Delete filter handle */
returnValue = npiFilterDelete(filter);
nmsgCHECK( r et ur nVal ue) ;
}
}
/* Enable the anplifier */
returnVal ue = npi Mot or AnpEnabl eSet (ot or, TRUE);
nsgCHECK( r et ur nVal ue) ;
}
/* Delete nmotor handle */
returnVal ue = npi Mot or Del et e(notor) ;
msgCHECK( r et ur nVal ue) ;
}
}
}
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Troubleshooting

If an axis is not in an error state and the filter associated with that axis' motor has a non-zero
integration term, then it is very likely that the integrator has built up a substantial integral term.
Enabling the motor's amplifier when this has happened could cause the motor to jump with enormous
force. Use mpiFilterintegratorReset to reset the integrator before enabling the motor's amplifier to
prevent this kind of jump.

Another condition that can cause the motor to jump upon enabling its amplifier is that the command
position of the axis is not equal to the actual position of the axis. To prevent this situation, one should
use mpiAxisActualPositionGet and mpiAxisCommandPositionSet. Please refer to this functions
for a more in depth discussion.

See Also

MPIFilter | MEIFilterConfig | MEIFilterGainPID | MEIFilterGainPIV
mpiAxisActualPositionGet | mpiAxisCommandPositionSet

file://IC|/htmlhelp/Software-MPIl/docs/Filter/Method/igtrrst1.htm (3 of 3) [7/27/2005 12:00:22 PM]


file:///C|/htmlhelp/Software-MPI/docs/Axis/Method/aclposget1.htm
file:///C|/htmlhelp/Software-MPI/docs/Axis/Method/aclposset1.htm

meiFilterPostfilterGet

mpiFilterPosfilterGet

Declaration

long nei FilterPostfilterGet(MPLFilter filter,
| ong *sect i onCount,
MEI PostfilterSection *sections);

Required Header: stdmei.h
Description

meiFilterPostfilterGet reads an MPIFilter object's postfilter configuration. It writes to
sectionCount the number of sections within a postfilter if sectionCount is not NULL. It also
writes to sections the current array of filter's postfilter sections if sections is not NULL.

The MPI calculates the post filter coefficients and takes into consideration the sample rate of the
controller at that time. If you change the sample rate of the controller, you will need to
recalculate the post filters. This can be done for all filters specified in Hertz by setting the filters
again with the MPI. The MPI will calculate the filters using the current servo sample rate.

Postfilters are used to digitally filter the output of a control loop. One common use for postfilters
is the compensation of system resonances.

filter the handle of the MPIFilter object whose postfilter configuration is to be read.
*sectionCount the data location where the postfilter's current section count will be written.

*sections the data location where the postfilter's current section configuration data will be written.
Return Values

M PIM essageOK

MPIFilterMessageCONVERSION _DIV_BY_0

MPIFilterMessagelNVALID _FILTER FORM

Sample Code
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mei FilterPostfilterGet

/* Count the nunber of resonator sections in a MPIFilter object's postfilter.
Sanpl e usage:

returnVal ue =
filterResonatorCount(filter, & esonatorCount);

*/
long filterResonatorCount(MPIFilter filter, |ong* count)
{
MPI FilterConfig config;
MElI PostfilterSection sections[ MEl MaxBi QuadSecti ons];
| ong secti onCount, index;
| ong returnVal ue = (count==NULL) ? MPI MessageARG | NVALI D : MPI MessageCK
if (returnVal ue == MPI Message(K)
{
returnval ue =
nei FilterPostfilterGet(filter, &sectionCount, sections);
if (returnVal ue == MPI Message(K)
{
for (*count=0, index=0; index sectionCount; ++i ndex)
{
if (section[index].type == MElFilterTypeRESONATOR) ++(*count);
}
}
}
return returnVal ue;
}
See Also

MEIPostfilterSection | meiFilterPostfilterGet | meiFilterPostfilterSet | meFilterPostfilterSectionGet
| MEIMaxBiQuadSections | Post Filter Theory
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meiFilterPostfilterSet

meliFilterPosfilterSet

Declaration

long nei FilterPostfilterSet(MPIFilter filter,

| ong *sect i onsCount,
MEI PostfilterSection *sections);

Required Header: stdmei.h

Description

meiFilterPostfilterSet sets the number of postfilter sections within an MPIFilter object
and configures each postfilter section as well. If numberOfSections equals zero,
then sections can be NULL and the postfilter will be disabled.

The MPI calculates the post filter coefficients and takes into consideration the sample
rate of the controller at that time. If you change the sample rate of the controller, you
will need to recalculate the post filters. This can be done for all filters specified in
Hertz by setting the filters again with the MPI. The MPI will calculate the filters using
the current servo sample rate.

Postfilters are used to digitally filter the output of a control loop. One common use for
postfilters is the compensation of system resonances.

filter

* sectionsCount

*sections

Return Values

M PIM essageOK

Sample Code

the handle of the MPIFilter object whose postfilter sectionswill be
configured.

the number of postfilter sectionsto set in the filter object.

apointer to an array of MEIPostfilterSection data structures to be set in filter.
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mei FilterPostfilterSet

/* Set a 4th order | ow pass post-filter by using
two 2nd order | ow pass sections.
Sanpl e usage:

returnVal ue =
fourt hOrder LowPass(filter, 300 /* Hz */);

*/
I ong filterFout hOrderLowass(MPIFilter filter, |ong breakPoi nt Frequency)
{

MPI FilterConfig config;

MVEI PostfilterSection section[ MEl MaxBi QuadSecti ons];

| ong returnVal ue;

section[0].type = MElIFilter TypeLOW PASS;
section[0].form = MElFilterForm NT_BI QUAD
section[0].data.l owPass. breakpoi nt = breakPoi nt Frequency;
section[1l] = section[0]; /* copy first section */

returnVal ue =
nei FilterPostfilterSet(filter, 2, section);

return returnVal ue;

See Also

MEIPostfilterSection | meiFilterPostfilterGet | meFilterPostfilterSectionSet |
MEIMaxBiQuadSections | Post Filter Theory
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mei FilterPostfilter SectionGet

meiFilterPosfilterSectionGet

Declaration

long nei FilterPostfilterSectionGet(MPIFilter filter,
| ong secti onNunber,
MEI PostfilterSection *section);

Required Header: stdmei.h
Description

meiFilterPostfilterSectionGet reads the configuration of a single section of an MPIFilter
object's postfilter. It writes to *section the configuration of filter's postfilter sectionNumberth
section.

The MPI calculates the post filter coefficients and takes into consideration the sample rate of
the controller at that time. If you change the sample rate of the controller, you will need to
recalculate the post filters. This can be done for all filters specified in Hertz by setting the
filters again with the MPI. The MPI will calculate the filters using the current servo sample
rate.

Postfilters are used to digitally filter the output of a control loop. One common use for
postfilters is the compensation of system resonances.

filter the handle of the MPIFilter object whose postfilter section configuration isto be
read.

sectionNumber the index of the postfilter section whose configuration is to be read.

section the data location where the postfilter's current section configuration data will be
written.

Return Values

M Pl M essageOK

MPIFilterMessageCONVERSION _DIV_BY_0

MPIFilterMessageSECTION_NOT _ENABLED

MPIFilterMessagelNVALID FILTER FORM

Sample Code
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mei FilterPostfil ter SectionGet

/* Test a section of a MPIFilter object's postfilter to
see if it is a notch type.
Sanpl e usage:

returnVal ue =
I sSectionTypeNotch(filter, 0, & sNotch);

*/
I ong i sSectionTypeNotch(MPIFilter filter, |ong sectionlndex, |ong* isNotch)
{

MPI Fil terConfig config;

MEI PostfilterSection section;

| ong returnVal ue = (i sNotch==NULL) ? MPI MessageARG | NVALID : MPI MessageCX;

if (returnVal ue == MPI Message(K)

{
returnVal ue =
nmei FilterPostfilterSectionCet(filter, sectionlndex, 8ion);
i f (returnVal ue == MPI MessageK)
{
*isNotch = (section.type == MEIFilter TypeNOTCH) ? TRUE : FALSE;
}
}
return returnVal ue;
}
See Also

MEIPostfilterSection | meiFilterPostfilterGet | meFilterPostfilterSectionSet |
MEIMaxBiQuadSections | Post Filter Theory
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meiFilterPostfilter SectionSet

meiFilterPosfilterSectionSet

Declaration

long neiFilterPostfilterSectionSet(VPIFilter filter,
| ong sect i onNunber,
MEl PostfilterSection *section),;

Required Header: stdmei.h

Description

meiFilterPostfilterSectionSet sets the configuration of a single section of an
MPIFilter object's postfilter. It sets filter's postfilter sectionNumberth section to the
configuration specified in *section. If the postfilter type is IIR, then this method is
essentially equivalent to meiFilterPostfilterSet().

The MPI calculates the post filter coefficients taking into consideration the sample rate
of the controller at that time. If you change the change the sample rate of the
controller, you will need to recalculate your post filters. This can be done for all filters
specified in Hertz by setting the filters again using the MPI. The MPI will calculate the
filters using the current servo sample rate.

Postfilters are used to digitally filter the output of a control loop. One common use for
postfilters is the compensation of system resonances.

filter the handle of the MPIFilter object whose postfilter section configuration isto
be set.
sectionNumber the index of the postfilter section whose configuration isto be set.
*section the data location of the section configuration to copy to the controller.
Return Values
MPIM essageOK
Sample Code
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mei FilterPostfilter SectionSet

/* Set a section of a MPIFilter object's postfilter
to a unity gain filter type.
Sanpl e usage:

returnVal ue =
set Secti onTypeUnityGain(filter, 3);

*/
| ong set SectionTypeUnityGin(MPIFilter filter, |ong sectionlndex)
{
MPI Fil terConfig config;
IVEI PostfilterSection section;
| ong returnVal ue;
section.type = MElIFilter TypeUNI TY_GAI N;
section.form = NMElIFilterFornBl QUAD,
returnVal ue =
nmei FilterPostfilterSectionSet(filter, sectionlndex, 8ion);
return returnVal ue;
}
See Also

MEIPostfilterSection | meiFilterPostfilterSet | meFilterPostfilterSectionGet |
MEIMaxBiQuadSections | Post Filter Theory
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MPIFilterConfig / MEIFilterConfig

MPIFilterConfig / MEIFilterConfig

Definition: MPIFilterConfig

typedef struct MPIFilterConfig {
| ong gai nl ndex;
MPIFilterGain gain[MPlLFilterGai nCOUNT_ MAX] ;

MPI Qbj ect Map axi sMap;

MPI Obj ect Map not or Map;
} MPIFilterConfig;

Description
gainlndex Gain table index. Gain tables number 0 to MPIFilterGainCOUNT_MAX -1
(MPIFilterGainCOUNT_MAX = 5).
gain See MPIObjectMap
axisM ap See MPIObjectMap
motor M ap See MPIObjectMap

Definition: MEIFilterConfig

typedef struct MElIFilterConfig {

char user Label [ MEl bj ect Label Char MAX+1] ;
[* +1 for NULL term nator */

VEI XnpAl gorithm Al gorithm

VEI XnpAxi sl nput Axi s[ MEl XnpFi | t er Axi sl nput s] ;

| ong *Vel PositionPtr;

MVEI XnmpSwi t chType Gai nSwi t chType;

fl oat Gai nDel ay;

| ong Gai nW ndow;

VEI XnpSwi t chType PPl Swi t chType;

MEI XmpPPI Mode PPI Mode;

fl oat PPI Del ay;

| ong PPl W ndow;

MEI Xnpl nt Reset Confi g Resetl nt egratorConfig;

fl oat Reset | nt egr at or Del ay;

VEI XnpFi | t er Form Post Fi |l t er Form

VEI XnpPost Fi | t er PostFil ter;

} MEIFilterConfig;

Change History: Modified in the 03.03.00.
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MPIFilterConfig / MEIFilterConfig

Description

MEIFilterConfig contains configuration information specific to a controller. With the exception of
the Algorithm element, MEIFilterConfig contains configuration information that are more intuitively
accessed by other means (Postfilter parameter) or information for advanced setups and custom
controller firmware.

userLabel This value consists of 16 characters and is used to label the filter object for user
identification purposes. The userLabel field is NOT used by the controller.

Algorithm This value defines the algorithm that the filter is executing every servo cycle. The
most common values are:

MEIXmpAlgorithmPID PID algorithm
MEIXmpAlgorithmPlV PIV algorithm
MEIXmpAlgorithmNONE No control algorithm

Axis This array defines the axis (pointer to the axis) and coefficient for the position input
[MEIXmpFilterAxisinputs] into thefilter. The input to thefilter is the position error of the axis, whichis
multiplied by the coefficient defined by the Axis array.

Vel PositionPtr Velocity position pointer to an encoder input for algorithms that require a vel ocity
encoder position input (such asthe PIV agorithm).

Auxlnput This array is aplace holder for additional filter inputs from analog sources.
[MEIXmpFilterAuxinputs] Thisis currently not supported and is reserved for future use.

GainSwitchType Value to define the gain table switch type.
Not implemented in standard firmware.

GainDelay Custom Delay
Not implemented in standard firmware.

GainWindow Custom Delay
Not implemented in standard firmware.

PPISwitchType Value to define the gain switch type for PPl mode.
Not implemented in standard firmware.

PPIMode Vaueto define the PPl switch mode.
Not implemented in standard firmware.

PPIDelay Custom Delay
Not implemented in standard firmware.

PPIWindow Custom Window
Not implemented in standard firmware.

ResetIntegrator Config Value to define the integrator's reset configuration.
Not supported in standard firmware.

Resetl ntegrator Delay Value to define the integrator's reset delay.
Not supported in standard firmware.
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PostFilter Form This value defines the form for postfilters when they are configured using
mpi FilterConfigGet/Set().

Supported values are:

. MEIXmpFilterForml IR,
IR Filter

. MEIXmpFilter FormBIQ,
Bi-Quad Filter

. MEIXmpFilter FormSS _BIQ,
State Space form of Bi-Quad Filter

. MEIXmpFilterFormINT_BIQ,
Integer (64-bit) Bi-Quad Filter

. MEIXmpFilterFormINT_SS BIQ,
Integer State Space form of Bi-Quad Filter

Though the postfilter may be configured through this parameter, it is strongly
recommended that users use the meiFilterPostfilter.() methods instead for a more
intuitive and user-friendly interface.

PostFilter This array defines the configuration for the filter's postfilter (the type, the length and
values for the post filter coefficients). Though the postfilter may be configured
though this parameter, it is strongly recommended that users use the
meiFilterPostfilter.() methods instead for a more intuitive interface.

Postfilters are used to digitally filter the output of a control loop. One common use
for postfilters is the compensation of system resonances.

Sample Code

/ *

*/

| ong

Test whether an MPIFilter object's control |oop algorithmis PID.
Sanpl e usage:

returnVal ue =
isAlgorithnPid(filter, & sPid);

isAlgorithmPid(MPIFilter filter, long* isPid)

MEI Fi | t er Confi g xnmpConfi g;
| ong returnVal ue = (isPid==NULL) ? MPI MessageARG | NVALI D : MPI MessageCX;

if (returnValue == MPI MessageCK)
{

returnVal ue =

npi FilterConfigGet(filter, NULL, &npConfig);
if (returnValue == MPI MessageX)
{

}

*isPid = (xnmpConfig. Al gorithm == MEl XnmpAl gorithnPID) ? TRUE : FALSE;
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MPIFilterConfig / MEIFilterConfig

}

return returnVal ue;

See Also

mpiFilterConfigGet | mpiFilterConfigSet | meiFilterPostfilterGet |
meiFilterPostfilterSet | meiFilterPostfilterSectionGet | meiFilterPostfilterSectionSet
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MPIFilterCoeff

MPIFilterCoeff
Definition

t ypedef union {
fl oat f;
| ong | ;

} MPIFilterCoeff;

Description

MPIEventStatus holds information about a particular event that was generated by the
XMP.

f float coefficient

I long coefficient

See Also

MPIFilterCoeffCOUNT MAX | MEIFilterGainPIDCoeff | MEIFilterGainPIVCoeff
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MEIFilterForm
Definition

t ypedef enun{
MEIFilterForm IR,
MEI Fi | t er For mBl QUAD,
MEI Fi | t er For n5S_BI QUAD,
VEI Fi | t er For M NT_BI QUAD,
MVEI Fi | t er For M NT_SS BI QUAD,
} MEIFilterForm

Description

MEIFilterForm describes the form that a digital filter takes on the controller. Please
note that the equations listed below use the coefficients loaded onto the controller, not
necessarily the coefficients used by the MPI. A user may specify a low pass filter with
only a single parameter (the breakpoint) and request that the form of the filter be a
space-state biquad form on the controller.

Digital filtering on the XMP is accomplished through 32-bit words. This equates to the
use of single precision floating point numbers - a 24-bit mantissa or about 7 decimal
places of accuracy. This lack of precision can cause errors in the filtering process
normally appearing as DC gain shifts or limit cycling, this especially true when the
filter requires more than one section, a 6th order low pass filter would be one
example. Filter forms using integer math can provide more internal precision for
coefficients and internal registers but at the cost of less dynamic range. Filter forms
using integer math take more processing time for the controller and can potentially
limit the maximum sample rate of the controller.

The state-space (SS) filter forms allow the scaling of the input and the output,
whereas the non-state-space forms only allow output scaling. This helps to prevent
the loss of precision of the internal registers while still maintaining a very large
dynamic range. Filter forms using state-space forms take more processing time for
the controller and can potentially limit the maximum sample rate of the controller.
However, a non-integer state-space filter form takes less processing power than an
integer non-state-space filter form.
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MEIFilterFormlIR

MEIFilter FormBIQUAD

MEIFilter FormSS_BIQUAD

MEIFilter FormINT_BIQUAD

Deprecated. Cascaded biquad sections offer better precision
and better calculation performance.

Second Order digital filter form, for implementing low/high
pass, notch, lead/lag and custom filters. The filter isasingle
precision floating point canonical form. The biquad filter is
defined by the following discrete transfer function:

The XMP's representation of thisfilter is:

wO: Intermediate result

u(k): filter input

al, a2, b0, b1, and b2: discrete biquad coefficients
y(K):filter output

x1k and x2k: filter states

Second order digital filter form, for implementing low/high
pass, notch, lead/lag and custom filters. The filter isasingle
precision, floating point state space implementation. This
filter applies input and output scaling to the canonical form.
The XMP's state space representation of thisfilter is:

u(k): filter input

di, c1, c2, a2, al,bl: discrete biquad coefficients
y(K):filter output

plk and p2k: filter states

Second Order digital filter form, for implementing low/high
pass, notch, lead/lag and custom filters. The filter isafixed
point canonical form state space implementation. Thisform
isafixed point implementation of the floating point form
MEIFilterFormBIQUAD. See the definition of
MEIFilterFormBIQUAD above for the defining equations
for thisfilter.

The input coefficients for thisfilter (b0, b1, b2, al and a2)
should all be greater than -2, and lessthan 2. The
coefficients are represented as 32 bit 2's complement, with
1=2"30. The coefficient's numerical format is 1.29 (1 bit
whole, 29 bits fractional), and the controller uses an 80 bit
accumulator. Only the 32 bit result of the multiplication is
output from each section.
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MEIFilterFormINT_SS BIQUAD  Second Order digital filter form, for implementing low/high
pass, notch, lead/lag and custom filters. The filter isafixed
point canonical form state space implementation. Thisform
is afixed point implementation of the floating point form
MEIFilterFormSS_BIQUAD. See the definition of
MEIFilterFormSS_BIQUAD above for the defining
equations for thisfilter.

The input coefficients for thisfilter (d1, c1, c2, a2, al and
b1) should all be greater than -2, and less than 2. The
coefficients are represented as 32 bit 2's complement, with
1=2"30. The coefficient's numerical format is 1.29 (1 bit
whole, 29 bits fractional), and the controller uses an 80 bit
accumulator. Only the 32 bit result of the multiplication is
output from each section.

See Also

MEIPostfilterSection
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MPIFilterGain

/* Sets reasonable tuning paranmeters for

Definition

typedef struct MPIFilterGain {

MPI Fi | t er Coef f

} MPIFilterGain,;

Description

coeff

Sample Code

coef f [ MPLFi | t er Coef f COUNT_NMAX] ;

see M PIFilterCoeff

a Trust TA9000 test stand */

void setPIDs(MPIFilter filter)

{

MPI Fil terGai n gain;
| ong returnVal ue;

returnVal ue =

msgCHECK( r et ur nVal ue) ;

gai
gai
gai
gai
gai
gai
gai
gai
gai
gai
gai
gai
gai
gai
gai
gai
gai

returnVal ue =

3 303 03 3 3035 3 0D 3 DD 5 D5 O

.coeff[ MEI Fi |l ter Gai
.coeff[ VEI Fi | t er Gai
.coeff[ VEI Fi | t er Gai
.coeff[ MVEI Fi | t er Gai
.coeff[ MEI Fi |l t er Gai
.coeff[ MEI Fi |l t er Gai
.coeff[ MEI Fi |l t er Gai
.coef f[ MEI Fi |l terGai
.coeff[ MEI Fil ter Gai
.coeff[ VEI Fi | ter Gai
.coeff[ MVEI Fi | ter Gai
.coeff[ MEI Fi |l ter Gai
.coeff[ MEI Fi |l ter Gai
.coeff[ MEI Fi |l ter Gai
.coeff[ MEI Fi |l ter Gai
.coeff[ MVEI Fi | t er Gai
.coeff[ MVEI Fi |l ter Gai

megCHECK( r et ur nVal ue) ;

npi FilterGainGet (filter,

mpi FilterGinSet (filter,

0, &gain);

nPl DCoef f GAI N_PROPORTI ONAL] . f = (fl oat) 100;

NPl DCoef f GAI N_I NTEGRAL] . f = (fl oat)O0. 2;

nPlI DCoef f GAI N_DERI VATI VE] . f = (fl oat) 1000;

nPl DCoef f FEEDFORWARD _POSI TION] . f = (fl oat)O;

nPl DCoef f FEEDFORWARD _VELQOCI TY] . f = (fl oat) 45;

nPl DCoef f FEEDFORWARD _ACCELERATION] . f = (fl oat) 101000;
nPl DCoef f FEEDFORWARD FRI CTION] . f = (fl oat) 450;
NPl DCoef f | NTEGRATI ONMAX_ MWI NG . f = (fl oat) 15000;
NPl DCoef f | NTEGRATI ONMAX_REST] . f = (fl oat) 15000;
nPlI DCoef f DRATE] . f = (fl oat)O;

nPl DCoef f QUTPUT _LIMT].f = (fI oat) 32767,

nPl DCoef f OUTPUT_LIM THI GH] . f = (fl oat) 32767,

nPl DCoef f OUTPUT_LI M TLOW . float)-32767;

f =
nPl DCoef f OUTPUT_COFFSET] . f = (fl oat)O;
nPl DCoef f NO SE_PCOSI TI ONFFT] . f = (fl oat) O;
nPl DCoef f NO SE_FI LTERFFT] . f = (fl oat)O0;
nPl DCoef f NO SE_VELOCI TYFFT].f = (fl oat)O0;

0, &gain);
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See Also

MPIFilterGainCOUNT _MAX | MEIFilterGainPIDCoeff | MEIFilterGainPIVCoeff
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MEIFilterGainindex

Definition

t ypedef enum {

[* Gain tabl
MEI Fi | t er Gai
MElI Fi | t er Gai
MEI Fi | t er Gai
MElI Fi | t er Gai

[* Gain tabl
MEI Fi | t er Gai
MEI Fi | t er Gai
MEI Fi | t er Gai
MEI Fi | t er Gai
MEI Fi | t er Gai

[* Gain tabl
MEI Fi | t er Gai
MEI Fi | t er Gai
MEI Fi | t er Gai
MEI Fi | t er Gai

MEI Fi | t er Gai
MVEI Fil ter Gai

MVEI Fil ter Gai

MEI Fi | t er Gai

} MEIFilterGainl

Description

MEIFilterGainindex is an enumeration for the gain index used in gain scheduling.

e i ndex for

nl ndexNO_MOTI ON

nl ndex ACCEL
nl ndex DECEL

nl ndexVELOCI TY

e i ndex for

e i ndex for
nl ndexM N
nl ndex MAX
nl ndex NONE
nl ndexSLOPE

nl ndexLAST
nl ndexALL

nl ndexFl RST

nl ndex DEFAULT

ndex;

In standard firmware, only
MEIFilterGainindexNO_MOTION,
MEIFilterGainlndexACCEL,
MEIFilterGainindexDECEL, and

MEIFilterGainindexVELOCITY

nor nal

Custom 1 firmnare.
nl ndexSTOPPI NG2
nl ndexSTOPPI NG1
nl NndexSETTLI NG
nl ndex MOVI NG

nl ndexSTOPPI NG3

Custom 5 firmnare.

firmvare. */
MVEI XnpGai nNOT_MOVI NG,
MEI XnmpGai nACCEL,
VEI XnpGai nDECEL,
VEI XnpGai nCONSTANT _VEL,

*/

MEl XnpGai nSTOPPED2,
MEI XnmpGai nSTOPPED1,
MEI XmpGai nSETTLI NG,
MEI XmpGai nMOVI NG,
MElI XnpGai nSTOPPED3,

*/
MVEI XnpGai nM N,
MEI XmpGai nMAX,
VEI XnpGai nNONE,
VEI XnpGai nSLOPE,

MVEI XnpGai nLAST,
MEI Fi | t er Gai nl ndexLAST,

/* used for gain get/set()
MElI Fi | t er Gai nl ndex| NVALI D + 1,

MEI Fi | t er Gai nl ndexNO_MOTI ON,

are used. The gain index that is currently used can be found with
mpiFilterGainindexGet(...).

Gain Scheduling is a feature that switches filter gains for the acceleration,
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MEIFilterGainlndex

deceleration, constant velocity, and idle states of motion. The post filters are not
affected by gain scheduling. Standard algorithms are used with gain scheduling (PID,
PIV). To change the gain scheduling type from NONE (uses only the gains in gain
table index 0), use MEIFilterConfig. GainSwitchType is set with_

mpiFilterConfigSet(...).

When setting filter gain parameters using mpiFilterGainGet(...) and
mpiFilterGainSet(...), use the gain index value to write to a gain index of your
choosing.

MEIFilter GainlndexNO_MOTION No commanded motion. Traectory parameters Velocity,
Acceleration, and Jerk equal zero.

MEIFilter GainlndexACCEL Acceleration portion of the commanded move.
MEIFilter GainlndexDECEL Deceleration portion of the commanded move.
MEIFilterGainindexVELOCITY Constant velocity portion of the commanded move. Gain

switching is configured by setting the GainSwtichType,
GainDelay, and GainwWindow in the MEIFilterConfig{ ...}
structure and calling mpiFilterConfigGet/Set(...). The
GainSwitchType has the following options:

See Also

MEIFilterConfig | mpiFilterConfigGet | mpiFilterConfigSet | MEIXmpSwitchType |
mpiFilterGainindexSet | mpiFilterGainindexGet | mpiFilterGainGet | mpiFilterGainSet
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MEIFilterGainPID

MEIFilterGainPID
Definition

typedef struct MEIFilterGai nPID {

struct {
f | oat proportional ; /* Kp */
fl oat i ntegral; [* Ki */
fl oat derivative; [* Kd */
} gain;
struct {
f | oat posi tion; /* Kpff */
fl oat vel ocity; [* Kvff */
f | oat acceleration; /* Kaff */
fl oat friction; [* Kfff */
} feedForward;
struct {
f | oat novi ng; / * Movi ngl Max */
fl oat rest; /* Restl| Max */
} integrationMax;
| ong dRat e; [* DRate */
struct {
f | oat [imt; [* QutputLimt */
f | oat limtH gh; /* QutputLimtH gh */
fl oat [imtLow /* QutputLimtLow */
fl oat of f set; /[* Qutput O fset */
} output;
struct {
f | oat positi onFFT; /* KaO */
f | oat filterFFT; /[* Kal */
fl oat vel oci tyFFT; /* Ka2 */
} noi se;

} MEIFilterGinPl D

Description

MEIFilterGainPID is a structure that defines the filter coefficients for the PID filter
algorithm.

See Also

High/Low Output Limits section for special instructions regarding MEIFilterGainPID.
MEIFilterGainPIDCoeff
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MEIFilterGainPIV

Definition
t ypedef struct MEIFilt
struct {
fl oat proportional ;
fl oat i ntegral;
} gai nPosition;
struct {
fl oat proportional ;
} gainVelocityl
struct {
fl oat posi tion;
f | oat vel ocity;
f | oat accel erati on;
f | oat friction;
} feedForward;
struct {
f | oat novi ng; /*
f | oat rest; /| *
} integrationMax;
struct {
f | oat f eedback; /*
} gainVel ocity2;
struct {
f | oat limt; /| *
fl oat [imtH gh; /*
f | oat [imtLow /*
f | oat of f set; /*
} output;
struct {
f | oat i ntegral;
fl oat i nt egr ati onMax;
} gainVel ocity3;
struct {
fl oat posi ti onFFT,;
fl oat snoot hi ng;
fl oat filterFFT;
} noi se;

} MEIFilterGinPlV,

Change History: Modified in the 03.02.00

Description

erGinPlV {

/* Kpp */
/[* Kip */

/* Kpv */

/*
/*
/*
/*

*/
*/
*/
*/

Kpf f
Kvf f
Kaf f
Kf f f

Movi ngl Max */
Rest | Max */

Kdv */
QutputLimt */
Qut put Li m t Hi gh */

Qut put Li m t Low */
Qut put O fset */

/*
/*

Kiv */
Vi nt Max */

/*
/*
/*

Ka0 */
Kal */
Ka2 */
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MEIFilterGainPIV is a structure that defines the filter coefficients for the PIV filter
algorithm,

See Also

High/Low Output Limits section for special instructions regarding MEIFilterGainPIV.
MEIFilterGainP1VCoeff
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MEIFilterGainPIDCoeff

Definition
t ypedef enum {
MEI Fi | t er Gai nPI DCoef f GAI N_PROPORTI ONAL, /* Kp */
MEI Fi | t er Gai nPl DCoef f GAI N_I NTEGRAL, [* Ki */
MEI Fi | t er Gai nPlI DCoef f GAI N_DERI VATI VE, [* Kd */
MEI Fi | t er Gai nPl DCoef f FEEDFORWARD _POSI TI ON, [* Kpff */
MEI Fi | t er Gai nPI DCoef f FEEDFORWARD VELQOCI TY, [* Kvff */
MVEI Fi | t er Gai nPI DCoef f FEEDFORWARD ACCELERATI ON, /* Kaff */
MVEI Fi | t er Gai nPI DCoef f FEEDFORWARD _FRI CTI ON, [* KEff */

MEI Fi | t er Gai nPl DCoef f | NTEGRATI ONVAX_MVI NG, /* Movi ngl Max */
MEI Fi | t er Gai nPl DCoef f | NTEGRATI ONVAX_REST, /* Restl Max */

MEI Fi | t er Gai nPl DCoef f DRATE, [* DRate */

MVEI Fi | t er Gai nPl DCoef f OUTPUT_LIM T, /[* QutputLimt */

MEI Fi | t er Gai nPI DCoef f OUTPUT_LIM THIGH, /* CQutputLimtH gh */
MEI Fi | t er Gai nPlI DCoef f OQUTPUT_LI M TLOW /* QutputLimtLow */
MEI Fi | t er Gai nPl DCoef f OQUTPUT _COFFSET, /* QutputXfset */

MEI Fi | t er Gai nPI DCoef f NO SE_POSI TI ONFFT, /* KaO */

MEI Fi | t er Gai nPI DCoef f NO SE_FI LTERFFT, [* Kal */

MEI Fi | t er Gai nPI DCoef f NO SE_VELCCI TYFFT, /* Ka2 */
} MEIFilterGainPl DCoef f;

Description

MEIFilterGainPIDCoeff is a structure of enums that defines the filter coefficients for the
PID filter algorithm.

Sample Code

/* Sets reasonable tuning paraneters for a Trust TA9000 test stand */
void setPIDs(MPIFilter filter)
{

MPI Fi |l ter Gai n gai n;

| ong returnVal ue;

returnValue = npiFilterGinGet(filter, 0, &gain);
nmsgCHECK( r et ur nVval ue) ;

gai n. coef f[ MEl Fi | t er Gai nPlI DCoef f GAI N_PROPORTI ONAL] . f = (fl oat) 100;
gai n. coef f [ MEl Fi | t er Gai nPI DCoef f GAI N_I NTEGRAL] . f = (fl oat)O0. 2;

gai n. coef f [ MEl Fi | t er Gai nPI DCoef f GAI N_DERI VATI VE] . f = (fl oat) 1000;
gai n. coeff[ MElI Fi | t er Gai nPI DCoef f FEEDFORWARD_PCSI TI ON] . f (fl oat)O0;
gai n. coeff[ MEl Fi | t er Gai nPlI DCoef f FEEDFORWARD VELQOCI TY] . f (f1 oat) 45;

file:///C|/htmlhelp/Software-MPI/docs/Filter/DataType/gnpidcoef2.htm (1 of 2) [7/27/2005 12:00:26 PM]



MEIFilterGainPI DCoeff

gai
gai
gai
gai
gai
gai
gai
gai
gai
gai
gai
gai

returnVal ue =

5 3 O3 3333 3 3 05 35 O

.coeff[ MVEI Fi | t er Gai
.coeff[ MVEI Fi |l t er Gai
.coeff[ MEI Fi |l t er Gai
.coeff[ MEI Fi |l t er Gai
.coeff[ MEI Fi |l t er Gai
.coef f[ MEI Fi |l terGai
.coeff[ VEI Fi | ter Gai
.coeff[ VEI Fi |l ter Gai
.coeff[ MEI Fil ter Gai
.coeff[ MEI Fi |l ter Gai
.coeff[ MEI Fi |l ter Gai
.coeff[ MEI Fi |l ter Gai

nmsgCHECK( r et ur nVal ue) ;

See Also

MEIFilterGainPID

npi Fi l terGai nSet (filter,

nPI DCoef f FEEDFORWARD_ACCELERATI ON|

.f = (float)101000;
nPI DCoef f FEEDFORWARD FRI CTION] . f = (

fl oat) 450;
nPI DCoef f | NTEGRATI ONMAX_MVI NG . f = (fl oat) 15000;
nPI DCoef f | NTEGRATI ONMAX_REST] . f = (fl oat) 15000;

nPlI DCoef f DRATE] . f = (fl oat)O;
nPl DCoef f QUTPUT_LIM T].f = (fl oat) 32767,
nPl DCoef f OUTPUT_LIM THIGH] . f = (fl oat) 32767,

nPl DCoef f OUTPUT_LIM TLOW . f = (fl oat)-32767;
nPl DCoef f OUTPUT_OFFSET] . f = (fl oat)O;

nPl DCoef f NO SE_PCSI TI ONFFT] . f = (fl oat)O0;
nPl DCoef f NO SE_FI LTERFFT] . f = (fl oat) O;

nPl DCoef f NO SE_VELOCI TYFFT] .f = (fl oat) O;

0, &gain);
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MEIFilterGainPIVCoeff

Definition
t ypedef enum {

MEI Fi | t er Gai nPl VCoef f GAl NPOSI TI ON_PROPORTI ONAL, /* Kpp */
MEI Fi | t er Gai nPI VCoef f GAI NPCOSI Tl ON_| NTEGRAL, [* Kip */
MEI Fi | t er Gai nPl VCoef f GAI NVELOCI TY _PROPORTI ONAL, [* Kpv */
MEI Fi | t er Gai nPl VCoef f FEEDFORWARD PCSI TI ON, [* Kpff */
MEI Fi | t er Gai nPl VCoef f FEEDFORWARD VELQOCI TY, [* Kvff */
MEI Fi | t er Gai nPl VCoef f FEEDFORWARD ACCELERATI ON, [* Kaff */
MEI Fi | t er Gai nPl VCoef f FEEDFORWARD_FRI CTI ON, [* Kfff */
MVEI Fi | t er Gai nPI VCoef f | NTEGRATI ONVAX_MOVI NG, /* Movi ngl Max */
VEI Fi | t er Gai nPI VCoef f | NTEGRATI ONVAX_REST, /* Rest| Max */
MEI Fi | t er Gai nPI VCoef f GAI NVELOCI TY_FEEDBACK, [* Kdv */

MEI Fi | t er Gai nPI VCoef f QUTPUT_LIM T,

MEI Fi | t er Gai nPl VCoef f QUTPUT_LI M THI CH,
MEI Fi | t er Gai nPI VCoef f OUTPUT_LI M TLOW
MEI Fi | t er Gai nPI VCoef f OUTPUT_OFFSET,

[* QutputLimt */
[* CQutputLimtH gh */
/[* QutputLimtLow */
/* Qutput O fset */

Kiv */
Vi nt max */

MEI Fi | t er Gai nPl VCoef f GAI NVELOCI TY_| NTEGRAL, /*
MEI Fi | t er Gai nPl VCoef f GAI NVELOCI TY_| NTEGRATI ONVAX, /*

MEI Fi | t er Gai nPI VCoef f NO SE_PGCSI TI ONFFT, /* KaO */
MEI Fi | t er Gai nPI VCoef f SMOOTHI NGFI LTER_GAI N, /* Kal */
MEI Fi | t er Gai nPI VCoef f NO SE_FI LTERFFT, /* Ka2 */

} MEIFilterGainPl VCoeff;

Change History: Modified in the 03.02.00
Description

MEIFilterGainPIVCoeff is a structure of enums that defines the filter coefficients for the PIV
filter algorithm.

Sample Code
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/* Sets reasonabl e tuning paraneters for

a Trust TA9000 test stand */

void setPIDs(MPIFilter filter)

{
MPI Fi | terGai n gain;
| ong returnVal ue;
returnValue = npiFilterGinCet(filter, 0, &gain);
nmsgCHECK( r et ur nVal ue) ;
gai n. coef f [ MEl Fi | t er Gai nPlI DCoef f GAI N_PROPORTI ONAL] . f = (fl oat) 100;
gai n. coef f [ MEI Fi | t er Gai nPlI DCoef f GAI N_I NTEGRAL] . f = (fl oat)O0. 2;
gai n. coef f[ MEl Fi | t er Gai nPI DCoef f GAI N_DERI VATI VE] . f = (fl oat) 1000;
gai n. coef f [ MEl Fi | t er Gai nPlI DCoef f FEEDFORWARD POSI TION] . f = (fl oat)0;
gai n. coef f[ MEl Fi | t er Gai nPlI DCoef f FEEDFORWARD VELOCI TY].f = (fl oat) 45;
gai n. coeff[ MElI Fi | t er Gai nPI DCoef f FEEDFORWARD ACCELERATION].f = (fl oat) 101000;
gai n.coeff[ MEl Fi | t er Gai nPlI DCoef f FEEDFORWARD FRI CTION].f = (fl oat) 450;
gai n. coef f[ MEl Fi | t er Gai nPI DCoef f | NTEGRATI ONVAX_MWI NG . f = (fl oat) 15000;
gai n. coeff[ MElI Fi | t er Gai nPI DCoef f | NTEGRATI ONMAX_REST] . f = (fl oat) 15000;
gai n. coeff[ MEl Fi | t er Gai nPI DCoef f DRATE] . f = (fl oat) O;
gai n.coeff[ MEI Fi | t er Gai nPI DCoef f OQUTPUT _LIMT].f = (fI oat) 32767;
gai n. coeff[ MEl Fi | t er Gai nPI DCoef f OUTPUT _LIM THI GH] .f = (fl oat) 32767,
gai n. coef f [ MEl Fi | t er Gai nPI DCoef f OUTPUT_LIM TLOWN . f = (fl oat)-32767;
gai n. coef f [ MEl Fi | t er Gai nPI DCoef f OUTPUT_OFFSET] . f = (fl oat) O;
gai n. coef f [ MEI Fi | t er Gai nPI DCoef f NO SE_PCSI TI ONFFT] . f = (fl oat)O0;
gai n. coef f [ MEl Fi | t er Gai nPI DCoef f NO SE_FI LTERFFT].f = (fl oat) O;
gai n. coef f[ MEI Fi | t er Gai nPlI DCoef f NO SE_VELOCI TYFFT].f = (fl oat)O;
returnValue = npiFilterGinSet(filter, 0, &gain);
nmsgCHECK( r et ur nVal ue) ;
}
See Also

High/Low Output Limits section for special instructions regarding MEIFilterGainPIV.

MEIFilterGainPI1V
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MEIFilterGainTypePID
Definition

static MEl Dat aType MElIFilterGai nTypePl D VPl Fi | t er Coef f COUNT_MAX] =

{
MEI Dat aTypeFLQAT, /* Kp */
MVEI Dat aTypeFLQAT, /* Ki */
MEI Dat aTypeFLQAT, /* Kd */
MEIl Dat aTypeFLOAT, /* Kpff */
MEI Dat aTypeFLOAT, /* Kvff */
MEIl Dat aTypeFLOAT, /* Kaff */
MEI Dat aTypeFLQOAT, /* Kiff */
MEI Dat aTypeFLOAT, /* Movi ngl Max */
MEIl Dat aTypeFLOAT, /* Rest| Max */
MEI Dat aTypeLONG, /* DRate */
MEI Dat aTypeFLOAT, /* QutputLimt */
MEI Dat aTypeFLQOAT, /* QutputLimtH gh */
MEI Dat aTypeFLQOAT, /* QutputLimtLow  */
MEI Dat aTypeFLQOAT, /* Qut put O f set */
VEI Dat aTypeFLOAT, /* KaO */
VEI Dat aTypeFLOAT, /* Kal */
MEI Dat aTypeFLOAT, /* Ka2 */
3
Description

MEIFilterGainTypePID is a static array that describes the data type of the coefficients for
the PID algorithm. Specifically, an element of MEIFilterGainTypePID describes which
member of the union MPIFilterCoeff to access when using the data structure
MPIFilterCoefft.

MEIFilterGainTypePID allows for a more simple design of general case utilities and
configuration routines. If it is known that only the PID parameters will be used, then the data
structure MEIFilterGainPID can be used directly without having to manipulate
MPIFilterCoeff, MPIFilterCoeff, and MEIFilterGainTypePID.

Sample Code
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/* Read the current value of a filter's PID coefficient. Sanple usage:

returnVal ue =
getPidFilterCoeff(filter, MElIFilterGainPl DCoeffGAl N PROPORTI ONAL, &kp);
*/
long getPidFilterCoeff(MPIFilter filter, |ong index, double* val ue)
{

MPI Fil terConfig config;
| ong returnVal ue = (val ue==NULL) ? MPI MessageARG | NVALI D : MPI MessageCX;

i f (returnVal ue == MPI Message(K)

{
returnValue = npi FilterConfigGet(filter, &config, NULL);
if (returnVal ue == MPI MessageOK)
{
switch(MElFilterGai nTypePl D[ i ndex])
{
case MEl Dat aTypeLONG
*val ue = config.gain[config.gainlndex].coeff[index].lI;
br eak;
case MEl Dat aTypeFLQAT:
*val ue = config.gain[config.gainlndex].coeff[index].f;
br eak;
def aul t:
returnVal ue = MPI MessageARG | NVALI D,
}
}
}
return returnVal ue;
}
See Also

MPIFilterCoeff | MEIFilterGainTypePl1V | MEIFilterGainPID | MEIDataType | MPIFilterGain
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MEIFilterGainTypePlV

MEIFilterGainTypePIV
Definition

static MEl Dat aType MEIFilterGai nTypePl V[ MPLFi | t er Coef f COUNT_MAX] =

{
MEI Dat aTypeFLQAT, /* Kpp */
VEI Dat aTypeFLOAT, /* Kip */
MEI Dat aTypeFLOAT, /* Kpv */
VEI Dat aTypeFLQOAT, /* Kpff */
VEI Dat aTypeFLQAT, /* Kvuff */
MEI Dat aTypeFLQAT, /* Kaff */
VEI Dat aTypeFLQAT, /* Kfff */
MVEI Dat aTypeFLOAT, /* Movi ngl Max */
VEI Dat aTypeFLQAT, /* Rest| Max */
MEI Dat aTypeFLOAT, /* Kdv */
VEI Dat aTypeFLQOAT, /* QutputLimnt */
MEI Dat aTypeFLOAT, /* QutputLimtH gh */
VEI Dat aTypeFLQAT, /* QutputLimtLow  */
MEI Dat aTypeFLQOAT, /* CQutput O f set */
VElI Dat aTypeFLQAT, /* Kiv */
MEI Dat aTypeFLQAT, /* Vi nt max */
VEI Dat aTypeFLQOAT, /* KaO */
MEI Dat aTypeFLQOAT, /* Kal */
VEI Dat aTypeFLQOAT, /* Ka2 */
i 5
Description

MEIFilterGainTypePIV is a static array that describes the data type of the coefficients for the PIV
algorithm. Specifically, an element of MEIFilterGainTypePIV describes which member of the union
MPIFilterCoeff to access when using the data structure MPIFilterCoeff.

MEIFilterGainTypePI1V allows for a more simple design of general case utilities and configuration
routines. If it is known that only the PIV parameters will be used, then the data structure

MEIFilterGainPIV can be used directly without having to manipulate MPIFilterCoeff, MPIFilterCoeft,
and MEIFilterGainTypePIV.

Sample Code
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[* Read the current value of a filter's PIV coefficient. Sanple usage:

returnVal ue =
getPivFilterCoeff(filter, MElIFiIterGainPlVCoeff GAl NVELOCI TY_ PROPORTI ONAL,

&kpv) ;
*/
| ong get PivFilterCoeff(MPIFilter filter, |ong index, double* val ue)

{
MPI Fil terConfig config;

| ong returnVal ue = (val ue==NULL) ? MPl MessageARG | NVALID : MPI MessageCX;

if (returnVal ue == MPI Message(K)
{

returnValue = npi FilterConfigGet(filter, &config, NULL);

if (returnVal ue == MPlI MessageCK)

{
swi tch(MEl FilterGainTypePl V[ i ndex])
{
case MEl Dat aTypeLONG
*val ue = confi g. gai n[confi g.gai nl ndex].coeff[index].]l;
br eak;
case MEl Dat aTypeFLQOAT:
*val ue = confi g. gai n[ config.gai nl ndex].coeff[index].f;
br eak;
def aul t:
returnVal ue = MPI MessageARG | NVALI D;
}
}
}
return returnVal ue;
}
See Also

MPIFilterCoeff | MEIFilterGainTypePID | MEIFilterGainPIV | MEIDataType | MPIFilterGain
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MPIFilterMessage

MPIFilterMessage
Definition

t ypedef enum {
MPI Fi | t er MessageFI LTER | NVALI D,
MPI Fi | t er Messagel NVALI D_ALGORI THM
MPI Fi | t er Messagel NVALI D_DRATE,
MPI Fi | t er MessageCONVERSI ON_DI V_BY_0,
MPI Fi | t er MessageSECTI ON_NOT_ENABLED,
MPI Fi | t er Messagel NVALI D_FI LTER_FORM
} MPIFilterMessage;

Description

MPIFilterMessage is an enumeration of Filter error messages that can be returned by
the MPI library.

MPIFilterMessageFILTER_INVALID

The filter number is out of range. This message code is returned by mpiFilterCreate(...) if the filter
number isless than zero or greater than or equal to MEIXmpMAX _Filters.

MPIFilterMessagel NVALID_ALGORITHM

Thefilter algorithm is not valid. This message code is returned by mpiFilterintegratorReset(...) if the
filter algorithm is not a member of the MEIXmpAlgorithm enumeration (does not support
integrators). This problem occurs if the filter typeis set to user or an unknown type with
mpiFilterConfigSet(...).

MPIFilterMessagel NVALID_DRATE

Thefilter derivative rate is not valid. This message code is returned by mpiFilterConfigSet(...) if the
filter derivative rateislessthan O or greater than 7.

NOTE: The derivative rate for all gain tables must be in the range [0,7], not just the derivative rate
for the current gain table.

MPIFilter M essageCONVERSION_DIV_BY_0

Returned when melFilterPostfilterGet(...) or meiFilterPostfilterSectionGet(...) cannot convert digital

coefficients to analog coefficients. When this error occurs, the offending section(s) will report its
type as MEIFilter TypeUNKNOWN and will not contain any analog data.

MPIFilterMessageSECTION_NOT_ENABLED

Returned when meiFilterPostfilterGet(...) or meiFilterPostfilterSectionGet(...) attempt to read
postfilter data when no postfilter sections are enabled.
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MPIFilterMessagel NVALID_FILTER_FORM

Returned when meiFilterPostfilterGet(...) or meiFilterPostfilterSectionGet(...) cannot interpret the
current postfilter's form (when the form is something other than NONE, 1IR, or BIQUAD).

See Also

mpiFilterCreate

file://IC|/htmlhelp/Software-MPI/docs/Filter/DataType/mes1.htm (2 of 2) [7/27/2005 12:00:28 PM]



MEIFilterType

MEIFilterType
Definition

t ypedef enum {
MEI Fi |l ter TypeUNI TY_GAI N,
/* BO =1 B1=B2=A1=A2 = 0
(effectively acting as no filter) */
MEI Fi | t er TypeSI NGLE_ORDER,
MVEI Fi | t er TypeLOW PASS,
MEI Fi | t er TypeH GH_PASS,
MEI Fi | t er TypeNOTCH,
MVEI Fi | t er TypeRESONATOR,
MVEI Fi | t er TypeLEAD _LAG
MVEI Fi | t er TypeZERO_GAI N,
/* b0O=bl=b2=al=a2 = 0
(this does act as a filter.... zeroing the output) */
MVEI Fi | t er TypeBI QUAD,
/[* Only valid for setting.
Reading will not return these types */
MEI Fi | t er TypeDl G TAL_BI QUAD,
MVEI Fi | t er TypePOLES_ZERGCS,
MEI Fi | ter TypeDl G TAL_PCOLES ZERGCS,
MEI Fi | t er Type UNKNOVW,
/* algorithmcouldn't figure out what
this filter was fromthe coeffs! */
} MEIFilterType;

Description

NOTE: The MPI will attempt to return analog & digital biquad and pole/zero
information from meiFilterPostfilterGet(...) and meiFilterPostfilterSectionGet(...).
However, the filter types MEIFilterTypeDIGITAL_BIQUAD,
MEIFilterTypePOLES_ZEROS, and MEIFilterTypeDIGITAL_POLES_ZEROS are
never returned by get() calls -- they are used only for setting postfilters.
MEIFilterTypeBIQUAD will only be returned by meiFilterPostfilterGet(...) and
meiFilterPostfilterSectionGet(...) if the analog coefficients can be calculated (there is
no division by 0) and the section cannot be identified as one of the other analog filter

types.
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MEIFilter TypeUNITY_GAIN A unity gain filter. This effectively performs no
filtering.

MEIFilter TypeSINGLE_ORDER A single order filter

MEIFilter TypeLOW_PASS A low pass filter

MEIFilter Type HIGH _PASS A high passfilter.

MEIFilter TypeNOTCH A notch filter

MEIFilter TypeRESONATOR A resonator filter.

MEIFilter TypeLEAD_LAG A lead or lag filter.

MEIFilter TypeZERO_GAIN Zerosthe output of afilter.

MEIFilter TypeBIQUAD An analog biguad filter. When reading postfilter
data, this type means that the postfilter section could
not be identified as a standard filter type.

MEIFilter TypeDIGITAL_BIQUAD A digital biquad filter. Thisisonly used for setting
postfilter sections.

MEIFilter TypePOLES ZERO Analog poles and zeros filter (maximum of two
poles and zeros) with unity zero-frequency
amplitude. Thisis only used for setting postfilter
sections.

MEIFilter TypeDIGITAL_POLES ZEROS Digital poles and zerosfilter (maximum of two
poles and zeros) with unity zero-frequency
amplitude. Thisisonly used for setting postfilter
sections.

MEIFilter TypeUNKNOWN Returned by meiFilterPostfilterGet(...) and
mei FilterPostfilterSectionGet(...) if analog
coefficients cannot be found. only digital data will
be available.

See Also

MEIPostfilterSection | meiFilterPosterfilterGet | meiFilterPosterfilterSet |
meiFilterPosterfilterSectionGet | meiFilterPosterfilterSectionSet
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MEIPostfilterSection
Definition

t ypedef struct MElPostfilterSection {
MEI Fil ter Type type;
MEI FilterForm form
struct {
struct {
doubl e breakPoi nt; [* Hz */
} | owPass;

struct {
doubl e br eakPoi nt ; [* Hz */
} hi ghPass;

struct {
doubl e centerFrequency; /* Hz */
doubl e bandw dt h; [* Hz */
} notch;

struct {
doubl e center Frequency; /* Hz */
doubl e bandw dt h; /[* Hz */
doubl e gai n; /[* dB */
} resonator;

struct {
doubl e | owFr equencyGai n; /[* dB */
doubl e hi ghFrequencyGi n; /* dB */
doubl e cent er Frequency; [* Hz */
} | eadLag;

struct {
doubl e al
doubl e az;
doubl e bO;
doubl e bl
doubl e b2;
} bi quad,;

struct {
doubl e al;
doubl e a2;
doubl e bO;
doubl e bl
doubl e b2;

} digital Bi quad;
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struct {
| ong pol eCount ;
| ong zer oCount;
struct {
doubl e real;
doubl e i mag;
} pole[2];
struct {
doubl e real;
doubl e i mag;
} zero[ 2];
} pol esZeros;

struct {
| ong pol eCount;
| ong zer oCount;
struct {
doubl e real
doubl e i mag;
} pole[2];
struct {
doubl e real
doubl e i mag;
} zero[ 2];
} digital Pol esZeros;

struct {
doubl e di1
doubl e c1
doubl e c2;
doubl e az;
doubl e al
doubl e bl

} stateSpaceBi quad;

} data;
} MElIPostfilterSection;

Description

MEIPostfilterSection holds the configuration data for a single section of an MPIFilter
object's postfilter. The MPI calculates the post filter coefficients and takes into
consideration the sample rate of the controller at that time. If you change the sample
rate of the controller, you will need to recalculate the post filters. This can be done for
all filters specified in Hertz by setting the filters again with the MPI. The MPI will
calculate the filters using the current servo sample rate.

Postfilters are used to digitally filter the output of a control loop. One common use for
postfilters is the compensation of system resonances.
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type The postfilter section type. Thisfield determines which field of the
MEI PostfilterSection.data union is used by meiFilterPostfilter.() methods.
More information about particular filter types can be found below and in
the MEIFilterType documentation.

form The form of a postfilter section. The form determines how a particular
postfilter section is calculated on the controller. All forms have certain
limitations and tradeoffs. Please refer to M EIFilterForm for more

information.
lowPass.br eakpoint The break point (measured in Hertz) of alow pass postfilter section.
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Example of a50 Hz low passfilter.
highPass.breakpoint The break point (measured in Hertz) of a high pass postfilter section.
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notch.center Frequency The center frequency (measured in Hertz) of a notch postfilter section.
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Example of a50 Hz Center / 50 Hz Bandwidth Notch filter. Note that
phase wrapping gives the illusion that phase drops 180 degrees after the
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center frequency. The phase raises by 180 degrees.

notch.bandwidth The bandwidth (measured in Hertz) of a notch postfilter section.
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Example of a50 Hz Center / 50 Hz Bandwidth Notch filter. Note that
phase wrapping gives theillusion that phase drops 180 degrees after the
center frequency. The phase raises by 180 degrees.

resonator.center Frequency  The center frequency (measured in Hertz) of aresonator postfilter section.
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Example of a50 Hz center / 50 Hz Bandwidth / -40 dB Gain Resonator
filter. Note that phase wrapping gives theillusion that the phase drops 360
degrees after the center frequency.

resonator.gain The center frequency gain (measured in dB) of aresonator postfilter
section.
1T
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Example of a50 Hz center / 50 Hz Bandwidth / -40 dB Gain Resonator
filter. Note that phase wrapping gives theillusion that the phase drops 360
degrees after the center frequency.

leadL ag.center Frequency The center frequency (measured in Hertz) of alead or lag postfilter
section. The amplitude at this frequency is the average amplitude of the
low and high frequency amplitudes. The gain (measured in dB) at this
point is given by:

fowFrequency@ain  highFraquencyGaln
10 0 + 10 0
¥

&

centerFreguencyGain = 20-log

-~
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Example of a-20 dB low frequency gain / -60 dB high frequency gain /
50 Hz center lead lag filter.

leadL ag.lowFrequencyGain  Thelow frequency gain (measured in dB) of alead or lag postfilter
section.
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Example of a-20 dB low frequency gain / -60 dB high frequency gain/
50 Hz center lead lag filter.

leadL ag.highFrequencyGain The high frequency gain (measured in dB) of alead or lag postfilter
section.
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Example of a-20 dB low frequency gain/ -60 dB high frequency gain /
50 Hz center lead lag filter.

biquad.al The analog coefficients of asingle order or bi-quad postfilter section.

Analog values of the postfilter coefficients are produced as parts of a
Laplace Transform:

biquad.a2
b +b -s+b, -5
. Hs)=- ' ——— where s=j-@ .
biguad.b0 l+a -s+a,-s” | e
biquad.bl and
&
. S . - .f
biquad.b2 @, umeq = 2 - sampleRate - tan
\ sampleRate |
digitalBiquad.al
digitalBiquad.a2
digitalBiquad.bO The digital coefficients of asingle order or bi-quad postfilter section.

digitalBiquad.bl
digitalBiquad.b2
digitalBiquad.d1
digitalBiquad.cl
digitalBiquad.c2
The digital coefficients of a state-space bi-quad postfilter section.
digitalBiquad.a2
digitalBiquad.al
digitalBiquad.bl
polesZer os.poleCount
polesZer os.zer oCount
Analog poles and zeros.
polesZeros.pol€[].real
polesZer os.pol€].imag
digitalPolesZer os.poleCount
digitalPolesZ er os.zer oCount

Digital polesand zeros.
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digitalPolesZeros.pol€[].real
digitalpolesZer os.pol€]].imag
stateSpaceBiquad.d1
stateSpaceBiquad.cl

stateSpaceBiquad.c2
State space coefficients.
stateSpaceBiquad.a2

stateSpaceBiquad.al
stateSpaceBiquad.bl

Sample Code

/* Set a 4th order | ow pass post-filter by using two
2nd order | ow pass secti ons.
Sanpl e usage:

returnVal ue =
fourt hOrder LowPass(filter, 300 /* Hz */);

*/
I ong filterFout hOrderlLowpass(MPIFilter filter, |ong breakPoi nt Frequency)
{

MPI FilterConfig config;

MEI PostfilterSection sections|[?2];

| ong returnVal ue;

section[0].type MEI Fi | t er TypeLOW PASS;
section[0].form = MElIFilterForm NT_BI QUAD,

section[ 0] .| owPass. breakpoi nt = breakPoi nt Frequency;
section[1l] = section[0]; /* copy first section */

returnVal ue =
mei FilterPostfilterSet(filter, 2, sections);

return returnVal ue;

See Also

MEIFilterType | MEIFilterForm | MEIMaxIIRCoefficients | meiFilterPostfilterGet |
meiFilterPostfilterSet | meiFilterPostfilterSectionGet | meiFilterPostfilterSectionSet |
Post Filter Theory
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MEIMaxBiQuadSections
Definition

#defi ne MEl MaxBi QuadSecti ons (6)

Description

MEIMaxBiQuadSections is the maximum number of Bi-Quad sections a postfilter
can use.

NOTE: The PIV algorithm uses the last Bi-Quad section internally. Thus a user can
only use (MEIMaxBiQuadSections - 1) Bi-quad sections with the PIV algorithm.

See Also

MEIPostFilterSection | meiFilterPostfilterGet | meiFilterPostfilterSet |
meiFilterPostfilterSectionGet | meiFilterPostfilterSectionSet
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MPIFilterCoeffCOUNT_ _MAX
Definition

#define MPIFilterCoeff COUNT_MAX (20)

Description

MPIFilterCoeffCOUNT_MAX is a constant that defines the maximum number of filter
coefficients contained in a gain table.

See Also

MPIFilterCoeff
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MPIFilterGainCOUNT_MAX
Definition

#define MPIFilterGi nCOUNT_MAX (5)

Description

MPIFilterGainCOUNT_MAX is a constant that defines the maximum number of filter
gain tables. The first gain table is used by the standard filter types (all filter types
except for the user filter type as defined by the structure MEIXmpAlgorithm).
Additional gain tables can be used for manual or automatic gain switching. For
firmware that implements automatic gain switching, please contact MEI. Manual gain
switching can be accomplished by specifying the gainindex of the mpiFilterConfig
structure using the mpiFilterConfigSet method. Valid gainindex values range from 0 to
MPIFilterGainCOUNT_MAX.

See Also

MPIFilterGain
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High / Low Output Limits (MEIFilterGainPID and PIV)

Special Note: High / Low Output Limits
(MEIFilterGainPID and PIV)

In the 19990820 release, the MEIFilterGainPID and MEIFilterGainPIV structures were
expanded to support High and Low output limits for PID and PIV algorithms. The
"High" output limit prevents the filter output from exceeding the "High" value. The
"Low" output limit prevents the filter output from falling below the "Low" value. This
feature will allow an application to have upper and lower limits which are not centered
on zero volts. If the "High" and "Low" values have the same sign, then the output will
be limited to either the positive or negative range bounded by "High" and "Low."

The standard Output Limit is still valid. The controller will simultaneously use the
standard Output Limit and the High / Low Output Limits to bound the output. The
limits, (standard or high or low) that are closest to zero will be used as the boundary
for the output.

Return to MEIFilterGainPID or MEIFilterGainPIV
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Post Filter Theory

Laplacian Space | Z Space | Z Transform Stability

Laplacian Space

Analog values of the postfilter coefficients are produced as parts of a Laplace Transform:

H(S)=bu+bl's'1+bg's'z

where 5= J &

-2 warped

! .
1+, s +a, s

and

i
B rped = & SaiMpleRate  tan| —————
sample Rate

The amplitude and phase of the filter can be derived from the above by:

At (’52 - by’ )2 +Hp)

I:ﬂz B "-“2)2 + ':'511"-?-‘)2

phﬂSE‘=EI‘CtEI‘12(HE}2 _bumg)(ﬂz _'5'32:'+ﬂ1’5'1'5'32 ] m[bl(ﬂz _mg)_ﬂl(‘b: _bumj)])

arl::tan[—]
arctan2{x, ¥} is similar to d except that the returned angle can be in the range
from =7 to =.

From here we can calculate the gain (in dB) of the filter:

d

2 2
gain =10 log,, I:’E'z —hyw ) +':53'1ﬂ3)

g~ ":"32)2 + [ﬂlﬂjf

The filter types are designed as follows:
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Low Pass

High Pass

Notch

Resonator

bd = 2 sampleRate  tan i famm
sample Rate
o -2 0

a, = F
by =
b, =
By =0f

td = 2 sampleRate  tan T fb”"’m
sample Rate

a, = 9°
by = -1
b =10
b =

£d = 2 samplaRate 'tan[ T fé‘”“m ]

sample Rate
@) = E'E'E:'cz?zciwi.:fﬁz'[1+tang[ " fcoter ]]
sample Rate
a, =&°
by =
B =0
b =0l

Py
£d = 2 sampleRate 'tan[ fmm }

sample Rate
Eain
- CERIEY (_]
@, = 2 x bandwidth |1+ tan * Seon 10+ *
sample Rate
2, = 5
By =1
E
By =a1-10[3”]
by = Q*
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£ = 2 sampleRaie 'taﬂ[m]

sample Rate
@, =252
a, = °
|_ead’ L kiphFrequecyFain
® By = m[ i)

[bwﬂmum@mkigﬂﬂﬂueqﬁdx]
B =2-5010 .
anﬂeqamﬁ'ﬂim]

By = s“f-m[ 2“

Additional Notes:

For the resonator filter, the maximum and minimum phase changes will occur at:

wampleRate | 1
f - SarpleRate
i 22 Sample Rate

\J‘[ﬂzlbl ~2a,)* Jﬂlbllz‘qﬂz +ah )

These frequencies also happen to be the half-gain points measured in dB (or the root-
amplitude gain points).

For the lead/lag filters, the maximal phase change will occur at:

f= warple Rate an-1 dy _
A 4 Sarmple Rate

This frequency also happens to be the dB gain mean point measured (or the amplitude
gain geometric mean point).

Z Space

Though Laplacian Space is useful for designing or quickly analyzing a bi-quad filter's
design, it does not accurately model digital bi-quad filters. Digital filters are described
naturally by Z transforms. It is possible to convert a filter from a Laplace transformto a Z

file:///C|/htmlhelp/Software-MPI/docs/Filter/Topics/post_filter_theory.htm (3 of 6) [7/27/2005 12:00:25 PM]



Post Filter Theory

transform, as will be described below, while maintaining the same general characteristics.
The amplitude and phase information will be slightly warped by moving into Z space. One
should note, however, that for the filters listed above the characteristics of gains,
bandwidths, and center or breakpoint frequencies are unchanged.

Bi-quad filters are described by the following Z transform:

_By+ B Zt+B, 27 { 2mf
=g v a2 | sampieate
1 A, where £ = e | Sampieiate

One should note that only filters where the roots of the denominator lie within the unit
circle are stable. Though digital filters can be constructed where the equations for
amplitude and phase for both the Z transform version and the Laplace transform version
may converge, the filter itself will be unstable, continually adding energy to the system.
Please see the Z Transform Stability Section below.

The equations for amplitude, phase and dB gain can be derived from the above Z
transform:

(B2 +82+B2)+2 B, (B, +Bz)'cos[£]+ 2 B, 'Bg'coslu]

4t - sampleRate sampleRate
[1+42+42)+20 4 (1+4) cos 2T o4 es| 2 ES
sampleRate sample Fate
I" 2 f 3 A
':Bn A4 B+ 4 'B:)Jr[ﬂl'gn R T 'BQ)'WS = |4
sammple Rate
phase = arctan? (B, A, +B,) cos Ay
\ samplefate )
3
[ﬂl'gu -5+ Ay B —;211-,5'2:]-51'11 £ +|:B|:u ' 4, _52)'5iﬂ £
sampie Rate sampleFate )

r F k'

b
(82 + B2+ B2 )+ 2B, (B, +B,) co| — = _|+2:5,- 5, 'c:t:-s[&]

_ sarmple Rate sammple Rate
gain =10 log,, - 2w 7 4 pa—
1+42+A2)+2 4 (1+ vy A S T e L
l ( LA :I ' [ Aﬁ) L.‘:‘-‘tlmpfé'ﬂﬂﬁé‘ J 4 [s:zmpieﬂcx.ﬁe ,

The equations for converting between the analog (Laplace transform) coefficients and the
digital (Z transform) coefficients are handled internally by the MPI, but are listed below so
that one can accurately analyze the performance of the bi-quad filters.

file:///C|/htmlhelp/Software-MPI/docs/Filter/Topics/post_filter_theory.htm (4 of 6) [7/27/2005 12:00:25 PM]



Post Filter Theory

Bi-quad Postfilter

2 !
1 + 1

D=4+

sampleRate  sampleRate®

2 iy
— "3
_ sample Rate

i

4 2 @,
sampleRate  samplsRate*
4 I

4 b, + 20 by &,
g = sampleRate  sampleRate®

o

Bi-linear Postfilter (a, = b, =0)

- 2y
sample Rate

i, 5
4 - sarmple Rate
0

_ +2 By
z = sammple Rate

f I3,

__Eh g L S Y
5 - ngmpfgﬂaﬁg 2 5 - Sampfé'ﬂﬂﬁé'

s
I
)

4k, - 208 N oy
z - sampleRaie  sampleRate*

: D

Z Transform Stability

As briefly described in the last section, it is possible for the digital filters constructed from

analog filters to be unstable. One needs to ensure that:

. Thefilter does not continually add energy to a system.

. Thefilter has no phase lag at O frequency. (A filter with 180° phase lag will create
unstable closed loop systems.)

To guarantee a filter does not continually add energy to a system, the following
relationship must be satisfied by the Z transform coefficients:
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2
s, [E ]

2

To guarantee a filter has no phase lag at 0 frequency, the following relationship must be
satisfied by the Z transform coefficients:

':1+4‘11 +-"13)'[Bn + B +Bz)2 0
If it is found that this last condition is not true, then one should change the sign on all B,

coefficients. Equivalently, one can change the sign of all b, coefficients for the Laplace
(analog) transform.

Return to Filter Objects
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