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PSS 31S-3PIDA
Adaptive Feedback and Feedforward Controller (PIDA)
The PIDA block provides PID or dead-time feedback and absolute feedforward control actions. The FBTUNE 
extender block adaptively tunes the feedback controller parameters for most PID and dead-time modes. The 
FFTUNE extender block provides dynamic compensation for an absolute multiplicative or additive 
feedforward input and both static and dynamic compensations for 3 or 4 incremental feedforward inputs and 
adapts the compensator parameters. The CHARC characterizer block provides matched non-linear functions 
to both setpoint and measurement.

FEEDBACK TUNING

The feedback adaptation, provided by the FBTUNE 
extender block (PSS 31S-3FBTUNE), includes both a 
pretune function and an ongoing adaptation of the 
associated PIDA feedback controller tuning 
(Figure 1). The pretune function provides easy, 
foolproof commissioning. Working on the principal of 
model identification, it fits an appropriate model to 
the process and uses an algebraic tuning method to 

establish initial tuning of the loop. If desired, the user 
may select a model structure to influence the tuning 
for either a more robust and stable operation, or 
faster control loop performance.

The on-going adaptation is activated when the 
control-error reaches a user-set threshold. At that 
instant, the most appropriate of six sets of stored 
tuning constants is selected and later updated 
depending upon the error response pattern.
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Error (or controller output) pattern features are used 
to retune the selected tuning set either indirectly, to 
partially re-identify the process model, or directly, as 
input to a tabularly stored function evaluation (using a 
form of embedded fuzzy logic). The effect of process 
operating condition changes are anticipated by gain-

scheduling (selecting one of the tuning sets) with the 
gain-schedule determined adaptively. Use of output 
peaks for returning may allow detection and 
correction of an incipient instability before significant 
control error becomes apparent.

Figure 1. PIDA Adaptive Feedback and Feedforward Controller

FEEDFORWARD TUNING

The FFTUNE extender block (PSS 31S-3FFTUNE) 
performs both feedforward compensation and 
adaptation of the compensators. The feedforward 
controller anticipates the effect of measured loads 
and the control output on the controlled 
measurement, taking action at the controller output 
to minimize the effect of load change on control error. 
Six sets of compensator tunings are stored. The 
most appropriate set is selected when a measured 
load change is detected. Retuning of that 
compensator coefficient set will occur provided that 

the peak error response is sufficiently large and that 
the error settles within a noise band in an allotted 
(process dependent) time.

The compensators are gain-scheduled to anticipate 
the effect of current conditions and the gain-schedule 
is determined adaptively. This adapted feed-forward 
capability can be used to partially decouple 
interacting loops by treating the disturbing loop's 
manipulations as load input.
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PIDA FEATURES

The PIDA contains the features included in the PIDX 
plus (see PIDA Structure, Figure 2): 

 Local Setpoint Ramping and Limiting
The local setpoint can be ramped to a new target 
value at a user set rate by toggling a switch. 
Ramping stops when the setpoint reaches the 
target or when the controller is placed in manual.

 Local Setpoint Ramp Time and Limiting
The local setpoint can be ramped to a new target 
value at a user-specified ramp time instead of 
ramp rate. Ramping stops when the setpoint 
reaches the target or when the controller is 
placed in manual.

 Setpoint Filtering
In the PI and PID modes, an additional parameter 
is provided to allow the controller to be tuned for 
both good unmeasured load rejection and good 
setpoint response. A setpoint filter effectively 
applies a fraction of the proportional action to 
setpoint. Optimal tuning of this parameter 
depends on the process type and is adaptively 
tuned by FBTUNE.

Figure 2. PIDA Structure

 Measurement Filtering
Second order low-pass Butterworth filtering is 
applied to the measurement in order to prevent 
excessive controller output activity. The filter can 
also be used to help stabilize a process with a 
lightly-damped high-frequency resonance.

 Absolute (Multiplicative and Additive) 
Feedforwards
The internal feedback controller output is 
multiplied by a scaled multiplicative input and 
then added to a scaled additive input, thus 
combining the feedback controller with a ratio 
and bias function in the same block. The FFTUNE 
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block will provide dynamic compensation for 
either of these absolute feedforward terms. 
Multiplicative feedforward compensation for a 
load flow is commonly used in a composition or 
temperature control loop. Additive compensation 
for a load flow is commonly used in a level or 
pressure control loop.

 Non-Linear Compensation
Matched non-linear functions can be applied to 
setpoint and measurement using the CHARC 
characterizer extender block. In a pH loop, 
measurement and setpoint can be expressed in 
pH units while the controller output responds to 
ion concentration differences.
As in the PIDX, a three-segment function allows 
gain reduction to be applied to small errors, 
where uncontrollable high frequency noise may 
dominate, while not compromising the response 
to a large control error.

 New Controller Modes
The PIDA contains the P, I, PD, PI, PID 
(interactive) controller modes contained in the PID 
and PIDX blocks. In addition, the PIDA contains 
NIPID (non-interacting PID), PITAU (interacting 
PID dead-time), and PIDTAU (non-interacting PID 
dead-time). All except P, I, and PD are adaptively 
tuned by the FBTUNE extender block.
Non-interacting PID is capable of outperforming 
an interacting PID or PI when the process has a 
secondary lag greater than twice the process 
dead-time.
The dead-time controllers PITAU and PIDTAU 
behave similarly to a Smith Predictor for a 
dominant dead-time process. However, if the 
process contains a lag larger than the dead-time, 
the PIDTAU can be tuned more tightly so that it 
outperforms the Smith Predictor and non-
interacting PID. However, compared with a PID, 
PITAU and PIDTAU are less robust.

NON-INTERACTING VS. INTERACTING 
CONTROL ACTION

When both derivative and integral actions are applied 
to the controlled measurement, the algorithm can be 
structured as either a product of factors (interacting)

or as a sum of terms (non-interacting)

where

is the differential operator.

The interacting form is the structure traditionally 
preferred by Foxboro because it enables an integral-
feedback input to be used to prevent integral wind-
up and tighten cascade-loop tuning. However, the 
non-interactive form allows tuning where the 
numerator polynomial in s cannot be factored into 
two real roots. Such tuning allows improved control 
for processes containing a secondary lag larger than 
twice the effective process dead-time. (The effective 
process dead-time includes the true dead-time plus 
the sum of tertiary lags minus negative leads.) The 
PIDA non-interactive modes achieve this advantage 
and also those of the interacting form resulting from 
an integral-feedback input.
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PID VS. DEAD-TIME CONTROL

A PID controller achieves good unmeasured load 
rejection and fast recovery from output limiting when 
it is tuned to have high feedback gain, limited by the 
need for robust low overshooting performance. To 
achieve good setpoint tracking tuned for 
unmeasured load rejection, the PIDA block employs 
a setpoint filter with one additional tuning parameter 
whose value ranges from 0.2 for a dominant lag 
process to 1.0 for a dominant dead-time process. 
This parameter is adaptively tuned by FBTUNE.

A traditional dead-time controller, such as the Smith 
Predictor or Dahlin form, uses a model ideally 
matching the process in the controller feedback. 
When the controller model matches the process and 
the only disturbance is due to the manipulated 
variable (controller output) the model feedback 
cancels the process feedback. To achieve good 
setpoint tracking, the controller's forward path should 
approximate the inverse of the invertible part of the 
process. As a result, the controller's forward path has 
high gain at high frequencies where the process gain 
is low and possibly low gain at low frequencies where 
the process gain may be high. Such a dead-time 
controller applied to a process with a primary lag 
larger than 1.5 times the effective dead-time will 
provide poorer unmeasured load rejection than a 
well-tuned PID.

To avoid explicitly splitting the traditional dead-time 
controller's process model into its invertible and non-
invertible factors and to assure prompt recovery from 
output limiting (constraint enforcement), the controller 
forward path may be implemented as an output 
trajectory optimizer. The output trajectory is 
reoptimized each output update interval. This 
computationally intensive optimization may require an 
unusually large output update interval, adding 
significant effective dead-time to the process dead-
time, thereby further compromising the achievable 
performance.

The FBTUNE extender block deliberately mismatches 
the PITAU or PIDTAU feedback model from the 
process in order to achieve good unmeasured load 
rejection and prompt recovery from output limiting.

The primary model lag is made much smaller than a 
dominant process lag, causing the PIDA dead-time 
controller to have much higher gain than a traditional 
dead-time controller at low frequencies. This tuning 
strategy eliminates the need for controller output 
trajectory optimization, thereby allowing a small 
output update period compared with the process 
dead-time. The adaptively tuned PIDTAU mode will 
provide tighter control compared with the adaptively 
tuned non-interactive PID mode on many processes. 
The improvement may be as much as a factor of two 
in integrated absolute error in rejecting unmeasured 
loads and setpoint tracking. However, performance 
degrades rapidly if the process changes.

Because FBTUNE adaptively tracks a changing 
process, it is usually not necessary to employ 
detuning filters or other measures to provide 
adequate robustness.

The PITAU or PI mode should be selected when the 
process has a dominant dead-time or when 
measurement noise would make derivative action 
undesirable.
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Supervisory Control

Supervisory Control (SSC) allows a user's application 
program to perform supervisory control over the 
PIDA block's setpoint. SSC can be enabled/disabled 
by an operator, or enabled by the supervisory 
application program at a control block group or 
control block level. If SSC is enabled in the control 
block, the back calculated value status requests the 
application program initialization. The application 
program must send the supervisory setpoint to the 
block periodically. While SSC is enabled, the control 
block parameters associated with local setpoint are 
not settable by the operator. If the operator asserts 
fallback or if a supervisory application program failure 
is detected, the control block falls back to a 
configured fallback mode (Manual, Auto, Remote, or 
Local).

PID Control Functions

The PID control functions of the PIDA block include 
those in the standard PIDX block and can be 
configured to operate in one of the following 
controller modes:

 Proportional (P)

 Integral (I)

 Proportional-plus-Derivative (PD)

 Proportional-plus-Integral (PI)

 Proportional-plus-Integral-plus-Derivative (PID)

 Non-interactive PID (NIPID)

 Interactive dead-time (PITAU)

 Non-interactive dead-time (PIDTAU)

Standard PID Features

 Manual/Auto control of the output, which can be 
initiated by either a host process or another 
block.

 Local/Remote setpoint source selection.

 Enhanced measurement filtering for improved 
controller performance.

 Adjustable measurement filter time constant in 
relation to derivative or dead-time.

 External integral feedback and logic signals to 
prevent windup during closed-loop operation.

 Assignable engineering range and units to 
measurement, bias, multi-in and output.

 Automatic scaling, based on assigned 
engineering ranges, so that the proportional band 
is expressed in percent.

 Output biasing with scaling.

 Output clamping between variable output limits.

 Bad inputs detection and handling.

 Bumpless transfer of the output signal when the 
block returns to controlling operation in Auto, 
which is inherent in all controller modes.

 Fast reaction to manual output change.

 Automatic cascade handling that includes:

 Explicit initialization input/output parameters that 
provide proper coordination and fast initialization 
of cascade schemes.

Extended Options

 Nonlinear gain compensation

 Variable or triggerable update interval

 Batch control, with preloadable integral

 Output tracking
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PID Options

 Setpoint tracking of the measurement signal 
allows bumpless return to automatic control 
when the block or any downstream block returns 
to normal operation.

 Manual override forces the block to Manual if 
either the measurement or feedback inputs are 
off scan, disconnected, or bad. Return to 
automatic control requires external intervention.

 Absolute alarming of the measurement.

 Deviation alarming of the setpoint—measurement 
error signal.

 Absolute alarming of the output.

 Manual alarming allows all configured alarm 
options to be operational in Manual.

 Reverse action: measurement increases cause 
controller output to increase.

 Output clamping when block is in Manual.

 Bias tracking forces bias to track the output when 
block is in Manual. Operational only in the P and 
PD controller modes

 Three anti-windup strategies for recovering from 
downstream limiting.

 Linear scaling of BIAS parameter.

 Workstation lock access allows write access to 
only the Display Manager which owns the lock.

 Loop identifier allows the user to identify the loop 
or process unit that contains the block.

 Supervisory Control (SSC) of the block’s setpoint.

 Additional Features

 Delayed alarming. A configurable timer delays 
alarm detection or return-to-normal messages for 
a specific alarm to reduce the number of alarm 
messages generated when a block parameter 
crosses back and forth over an alarm limit.

 Quality Status output parameter provides a single 
source for the block's value record status, block 
status, and alarm status.
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10900 Equity Drive
Houston, TX 77041
United States of America
http://www.invensys.com

Global Customer Support
Inside U.S.: 1-866-746-6477
Outside U.S.: 1-508-549-2424 
Website: https://support.ips.invensys.com

Copyright 2014 Invensys Systems, Inc. 
All rights reserved. 
Invensys is now part of Schneider Electric.

Invensys, Foxboro, Foxboro Evo, and Foxboro Evo logo  
are trademarks owned by Invensys Limited, its 
subsidiaries and affiliates.
All other trademarks are the property of their respective
owners.
 
MB 031                                                                0914


	Adaptive Feedback and Feedforward Controller (PIDA)
	FEEDBACK TUNING
	FEEDFORWARD TUNING
	PIDA FEATURES
	NON-INTERACTING VS. INTERACTING CONTROL ACTION
	PID VS. DEAD-TIME CONTROL


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


