Control Design Vis and Functions
June 2008, 370853E-01
Owning Palette: Control Design and Simulation VIs and Functions

Installed With: Control Design and Simulation Module. This topic might
not match its corresponding palette in LabVIEW depending on your
operating system, licensed product(s), and target.

Use the Control Design VIs and functions to construct, analyze, and
deploy dynamic system models in LabVIEW.

The VIs on these palettes can return general LabVIEW error codes or
specific control design error codes.

Refer to the LabVIEW Control Design User Manual for more information

about using the Control Design VIs and functions.

Characteristics
Vis

Subpalette Description

Analytical PID [Use the VI on this palette to design the gain values for a
Design VI proportional-integral-derivative (PID) controller.
Dynamic Use the Dynamic Characteristics VIs to calculate

properties related to the dynamics of a given system
model. Dynamic characteristics include DC gain,
stability, norm, root locus, and pole-zero analysis.

Frequency
Response Vis

Use the Frequency Response VIs to analyze a system
model in the frequency domain.

Implementation

Use the Implementation VIs and functions to simulate

Construction
Vls

VIs and the dynamic response of a discrete system model,

Functions deploy a discrete model to a real-time target, implement
a discrete Kalman filter, and implement current and
predictive observers.

Model Use the Model Construction VIs to create linear system

models and modify the properties of a system model.
You also can use the Model Construction VIs to save a
system model to a file, read a system model from a file,
or obtain a visual representation of a model.

Model
Conversion Vs

Use the Model Conversion VIs to convert a system
model from one representation to another, from a
continuous-time to a discrete-time model, or from a
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discrete-time to a continuous-time model. You also can
use the Model Conversion VIs to convert a control
design model into a simulation model or a simulation
model into a control design model.

Model
Information VIs

Use the Model Information VIs to obtain or set
parameters, data, and names of a system model. Model
information includes properties such as the system
delay, system dimensions, sampling time, and names of
inputs, outputs, and states.

Model
Interconnection
Vis

Use the Model Interconnection VIs to perform different
types of linear system interconnections. You can build a
large system model by connecting smaller system
models together.

Model
Reduction Vls

Use the Model Reduction VIs to perform a zero-pole
cancellation or to reduce the number of states in state-
space models. You also can use the Model Reduction
VIs to eliminate inputs and outputs that are
uncontrollable or unobservable.

Predictive Use the Predictive Control VIs to construct and

Control Vs implement a predictive controller model for a state-
space plant.

Solvers Vls Use the Solvers Vls to compute the solutions to the

continuous and discrete algebraic Riccati equations, the
continuous and discrete Lyapunov equations, and
integrals involving matrix exponentials.

State-Space
Model Analysis
Vis

Use State-Space Model Analysis VIs to calculate
properties of a given state-space model, such as
observability, detectability, controllability, stabilizability,
similarity transformations, model balance, and system
Grammians.

State
Feedback

Design Vis

Use the State Feedback Design VIs to calculate
controller and observer gains for closed-loop state
feedback control or to estimate a state-space model.
You also can use State Feedback Design VIs to
configure and test state-space controllers and state
estimators in time domains.



lvctrldsgn.chm::/model_info_vis.html
lvctrldsgn.chm::/model_interconnect.html
lvctrldsgn.chm::/model_reduction_vis.html
lvctrldsgn.chm::/CD_MPC_Pal.html
lvctrldsgn.chm::/CD_Solvers_Pal.html
lvctrldsgn.chm::/anal_ctrl_dsgn_vis.html
lvctrldsgn.chm::/model_conversion_vis.html

Stochastic Use the Stochastic Systems ViIs to construct,
Systems VIs  |manipulate, and analyze stochastic state-space system
models.

ime Use the Time Response VIs to create generic linear

Response ViIs |simulations and time domain plots for step inputs,
impulse inputs, and initial condition responses.

—

© 2004-2008 National Instruments Corporation. All rights reserved.
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Control Design Controls and Indicators

Use the Control Design controls indicators to display system models and
plots on the front panel window of a VI. Many of the Control Design
controls and indicators place corresponding, preconfigured code on the
block diagram window of the VI to enable you to build your application
more efficiently.



Create Model Controls

Use the Create Model controls to display system models on the front
panel window. When you place a Create Model control on the front panel
window, the LabVIEW Control Design and Simulation Module places
preconfigured code using the Model Construction VIs on the block
diagram window of the VI. Wire the specified output to the next Control
Design VI or function to continue building your application.
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Model Analysis Indicators

Use the Model Analysis indicators to display plots such as Bode, Nyquist,
and Nichols plots on the front panel window. When you place a Model
Analysis indicator on the front panel window, the Control Design and
Simulation Module places preconfigured code using the Dynamic
Characteristics VIs, Frequency Response VIs, and Time Response VIs
on the block diagram window of the VI. Wire the specified input to the
appropriate system model to continue building your application.
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Plots Indicators

Use the Plots indicators to display plots such as Bode, Nyquist, and
Nichols plots on the front panel window. These indicators do not place
preconfigured code on the block diagram window.



Analytical PID Design Plots Indicators

Use the Analytical PID Design Plots indicators to display 3D plots for the
Stable Set Boundary and Stable Set Interior Points outputs of the CD
Design PID for Discrete Systems VI. These indicators do not place
preconfigured code on the block diagram window.
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Limitations of the Control Design Indicators

The following is a list of limitations you might encounter when using the
Control Design indicators.

e RT targets do not support Control Design indicators. When
creating VIs for an RT target, do not use these indicators.
Instead, use a graph indicator, such as the XY graph.

e You can copy and paste the plot indicators only by selecting the
terminal on the block diagram.

e The option to show the unique grid or Cartesian grid is available
only on the block diagram.
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Analytical PID Design VI
Owning Palette: Control Design VIs and Functions

Installed With: Control Design and Simulation Module. This topic might
not match its corresponding palette in LabVIEW depending on your
operating system, licensed product(s), and target.

Use the VI on this palette to design the gain values for a proportional-
integral-derivative (PI1D) controller.

g?oljzt:: Description

CD Calculates the proportional gain Kp, integral gain K|, and
Design |derivative gain Kp, that stabilize the specified controller
%e model(s). This VI accepts discrete single-input single-output

(SISO) models only. However, you can specify more than one
SYsSIems|g1So model at a time by using the two-dimensional transfer
function(s) array control of the CD Construct Transfer
Function Model VI.
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CD Design PID for Discrete Systems VI
Owning Palette: Analytical PID Design VI

Installed With: Control Design and Simulation Module

Calculates the proportional gain Kp, integral gain K;, and derivative gain
Kp that stabilize the specified controller model(s). This VI accepts
discrete single-input single-output (SISO) models only. However, you can
specify more than one SISO model at a time by using the two-

dimensional transfer function(s) array control of the CD Construct
Transfer Function Model VI.

This VI is based on algorithms and techniques described in the following
resource: Datta, A.; M. T. Ho; and S. P. Bhattacharyya. 2000. Structure
and synthesis of PID controllers. London: Springer-Verlag.

Details
Use the pull-down menu to select an instance of this VI.

Select an instance -

u Place on the block diagram i Find on the Functions palette
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CD Design PID for Discrete Systems (State-Space)

State-Space Model =) Design PID Gains
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State-Space Model specifies a state-space representation of the
controller model for which this VI calculates the PID gains.

Sampling Specifications specifies the options relating to how this
VI divides and samples the common K3 range. Refer to the Details

section for more information about these steps.
@ Note If the range between K; points is large but the actual

stable set of PID gains is very small, LabVIEW might return
an error saying the problem is infeasible even though a
feasible solution actually exists.

Num K Grid Points specifies the number of points into
which this VI divides the common K; range. More values

result in a longer execution time but more accurate results.

Num Search Points specifies the number of tuples of PID
gain values for which this VI searches at each K3 point.

More values result in a longer execution time but more
accurate results.

Min Gain and Phase Margins specifies the optional performance
constraints on the PID controller model. If you specify a value of 0
for either of these constraints, this VI does not attempt to verify
that constraint. If you specify nonzero a value for either parameter,
this VI returns PID gain values that satisfy the performance
constraint(s).

@ Note Specifying performance constraints significantly
increases the execution time of this VI.

[ Gain Margin (dB) specifies the minimum gain margin, in
dB, of the PID controller.

[ Phase Margin (deg) specifies the minimum phase margin,
in degrees, of the PID controller.



error in describes error conditions that occur before this VI or
function runs. The default is no error. If an error occurred before
this VI or function runs, the VI or function passes the error in value
to error out. This VI or function runs normally only if no error
occurred before this VI or function runs. If an error occurs while
this VI or function runs, it runs normally and sets its own error
status in error out. Use the Simple Error Handler or General Error
Handler VIs to display the description of the error code. Use
exception control to treat what is normally an error as no error or to
treat a warning as an error. Use error in and error out to check
errors and to specify execution order by wiring error out from one
node to error in of the next node.

status is TRUE (X) if an error occurred before this VI or
function ran or FALSE (checkmark) to indicate a warning or
that no error occurred before this VI or function ran. The
default is FALSE.

code is the error or warning code. The default is O. If status
is TRUE, code is a honzero error code. If status is FALSE,
code is 0 or a warning code.

source specifies the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning. The default is an empty string.

Design PID Gains returns the PID gain values that are closest to
the centroid, or average, of all intersecting planes. These gain
values guarantee simultaneous closed-loop stability for all
specified models. If you specified nonzero Min Gain and Phase
Margins, these gain values also satisfy those performance
constraints.

The Design PID Gains tuple is a subset of the Stable Set Interior
Points. If the Design PID Gains is acceptable, you can choose an
alternate tuple from the Stable Set Interior Points parameter.
This parameter is a cluster of three one-dimensional arrays. The

n'" element of each array corresponds to the Kp, K|, or Ky value of
a single set.

®E] Kp returns the proportional gain of the PID controller model.
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Ki returns the integral gain of the PID controller model.
P Kd returns the derivative gain of the PID controller model.

Stable Set Boundary returns the boundary between the stable
and unstable PID gain values. All gain values within the stable
boundary are guaranteed to be stable for the PID controller.

@ Note This data structure traces the outline of each polygon
in succession such that the polygons are connected along
one edge of the three-dimensional boundary.

Stable Set Interior Points returns the set of gain values that lie
within the Stable Set Boundary. All gain values within the stable
boundary are guaranteed to be stable for the PID controller.
Additionally, all gain values are guaranteed to meet any
performance criteria you specified by using the Min Gain and
Phase Margins parameter.

error out contains error information. If error in indicates that an
error occurred before this VI or function ran, error out contains the
same error information. Otherwise, it describes the error status
that this VI or function produces. Right-click the error out front
panel indicator and select Explain Error from the shortcut menu
for more information about the error.

status is TRUE (X) if an error occurred or FALSE
(checkmark) to indicate a warning or that no error occurred.

code is the error or warning code. If status is TRUE, code
Is a nonzero error code. If status is FALSE, code is O or a
warning code.

source describes the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning.
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CD Design PID for Discrete Systems (Transfer Function)
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Transfer Function Model specifies a transfer function
representation of the controller model for which this VI calculates
the PID gains.

Sampling Specifications specifies the options relating to how this
VI divides and samples the common K3 range. Refer to the Details

section for more information about these steps.
@ Note If the range between K; points is large but the actual

stable set of PID gains is very small, LabVIEW might return
an error saying the problem is infeasible even though a
feasible solution actually exists.

Num K Grid Points specifies the number of points into
which this VI divides the common K; range. More values

result in a longer execution time but more accurate results.

Num Search Points specifies the number of tuples of PID
gain values for which this VI searches at each K3 point.

More values result in a longer execution time but more
accurate results.

Min Gain and Phase Margins specifies the optional performance
constraints on the PID controller model. If you specify a value of 0
for either of these constraints, this VI does not attempt to verify
that constraint. If you specify nonzero a value for either parameter,
this VI returns PID gain values that satisfy the performance
constraint(s).

@ Note Specifying performance constraints significantly
increases the execution time of this VI.

[ Gain Margin (dB) specifies the minimum gain margin, in
dB, of the PID controller.

[ Phase Margin (deg) specifies the minimum phase margin,
in degrees, of the PID controller.



error in describes error conditions that occur before this VI or
function runs. The default is no error. If an error occurred before
this VI or function runs, the VI or function passes the error in value
to error out. This VI or function runs normally only if no error
occurred before this VI or function runs. If an error occurs while
this VI or function runs, it runs normally and sets its own error
status in error out. Use the Simple Error Handler or General Error
Handler VIs to display the description of the error code. Use
exception control to treat what is normally an error as no error or to
treat a warning as an error. Use error in and error out to check
errors and to specify execution order by wiring error out from one
node to error in of the next node.

status is TRUE (X) if an error occurred before this VI or
function ran or FALSE (checkmark) to indicate a warning or
that no error occurred before this VI or function ran. The
default is FALSE.

code is the error or warning code. The default is 0. If status
is TRUE, code is a nonzero error code. If status is FALSE,
code is 0 or a warning code.

source specifies the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning. The default is an empty string.

Design PID Gains returns the PID gain values that are closest to
the centroid, or average, of all intersecting planes. These gain
values guarantee simultaneous closed-loop stability for all
specified models. If you specified nonzero Min Gain and Phase
Margins, these gain values also satisfy those performance
constraints.

The Design PID Gains tuple is a subset of the Stable Set Interior
Points. If the Design PID Gains is acceptable, you can choose an
alternate tuple from the Stable Set Interior Points parameter.
This parameter is a cluster of three one-dimensional arrays. The

n'" element of each array corresponds to the Kp, K|, or Kp value of
a single set.
Kp returns the proportional gain of the PID controller model.
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Ki returns the integral gain of the PID controller model.
P Kd returns the derivative gain of the PID controller model.

Stable Set Boundary returns the boundary between the stable
and unstable PID gain values. All gain values within the stable
boundary are guaranteed to be stable for the PID controller.

@ Note This data structure traces the outline of each polygon
in succession such that the polygons are connected along
one edge of the three-dimensional boundary.

Stable Set Interior Points returns the set of gain values that lie
within the Stable Set Boundary. All gain values within the stable
boundary are guaranteed to be stable for the PID controller.
Additionally, all gain values are guaranteed to meet any
performance criteria you specified by using the Min Gain and
Phase Margins parameter.

error out contains error information. If error in indicates that an
error occurred before this VI or function ran, error out contains the
same error information. Otherwise, it describes the error status
that this VI or function produces. Right-click the error out front
panel indicator and select Explain Error from the shortcut menu
for more information about the error.

status is TRUE (X) if an error occurred or FALSE
(checkmark) to indicate a warning or that no error occurred.

code is the error or warning code. If status is TRUE, code
Is a nonzero error code. If status is FALSE, code is O or a
warning code.

source describes the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning.
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CD Design PID for Discrete Systems (Zero-Pole-Gain)
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Zero-Pole-Gain Model specifies a zero-pole-gain representation
of the controller model for which this VI calculates the PID gains.

Sampling Specifications specifies the options relating to how this
VI divides and samples the common K3 range. Refer to the Details

section for more information about these steps.
@ Note If the range between K; points is large but the actual

stable set of PID gains is very small, LabVIEW might return
an error saying the problem is infeasible even though a
feasible solution actually exists.

Num K Grid Points specifies the number of points into
which this VI divides the common K; range. More values

result in a longer execution time but more accurate results.

Num Search Points specifies the number of tuples of PID
gain values for which this VI searches at each K3 point.

More values result in a longer execution time but more
accurate results.

Min Gain and Phase Margins specifies the optional performance
constraints on the PID controller model. If you specify a value of 0
for either of these constraints, this VI does not attempt to verify
that constraint. If you specify nonzero a value for either parameter,
this VI returns PID gain values that satisfy the performance
constraint(s).

@ Note Specifying performance constraints significantly
increases the execution time of this VI.

[ Gain Margin (dB) specifies the minimum gain margin, in
dB, of the PID controller.

[ Phase Margin (deg) specifies the minimum phase margin,
in degrees, of the PID controller.

error in describes error conditions that occur before this VI or



function runs. The default is no error. If an error occurred before
this VI or function runs, the VI or function passes the error in value
to error out. This VI or function runs normally only if no error
occurred before this VI or function runs. If an error occurs while
this VI or function runs, it runs normally and sets its own error
status in error out. Use the Simple Error Handler or General Error
Handler VIs to display the description of the error code. Use
exception control to treat what is normally an error as no error or to
treat a warning as an error. Use error in and error out to check
errors and to specify execution order by wiring error out from one
node to error in of the next node.

status is TRUE (X) if an error occurred before this VI or
function ran or FALSE (checkmark) to indicate a warning or
that no error occurred before this VI or function ran. The
default is FALSE.

code is the error or warning code. The default is O. If status
is TRUE, code is a honzero error code. If status is FALSE,
code is 0 or a warning code.

source specifies the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning. The default is an empty string.

Design PID Gains returns the PID gain values that are closest to
the centroid, or average, of all intersecting planes. These gain
values guarantee simultaneous closed-loop stability for all
specified models. If you specified nonzero Min Gain and Phase
Margins, these gain values also satisfy those performance
constraints.

The Design PID Gains tuple is a subset of the Stable Set Interior
Points. If the Design PID Gains is acceptable, you can choose an
alternate tuple from the Stable Set Interior Points parameter.
This parameter is a cluster of three one-dimensional arrays. The

n'" element of each array corresponds to the Kp, K|, or Ky value of
a single set.

----------

2l Kp returns the proportional gain of the PID controller model.

----------

2l Ki returns the integral gain of the PID controller model.
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P Kd returns the derivative gain of the PID controller model.

Stable Set Boundary returns the boundary between the stable
and unstable PID gain values. All gain values within the stable
boundary are guaranteed to be stable for the PID controller.

@ Note This data structure traces the outline of each polygon
in succession such that the polygons are connected along
one edge of the three-dimensional boundary.

Stable Set Interior Points returns the set of gain values that lie
within the Stable Set Boundary. All gain values within the stable
boundary are guaranteed to be stable for the PID controller.
Additionally, all gain values are guaranteed to meet any
performance criteria you specified by using the Min Gain and
Phase Margins parameter.

error out contains error information. If error in indicates that an
error occurred before this VI or function ran, error out contains the
same error information. Otherwise, it describes the error status
that this VI or function produces. Right-click the error out front
panel indicator and select Explain Error from the shortcut menu
for more information about the error.

status is TRUE (X) if an error occurred or FALSE
(checkmark) to indicate a warning or that no error occurred.

code is the error or warning code. If status is TRUE, code
Is a nonzero error code. If status is FALSE, code is O or a
warning code.

source describes the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning.
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CD Design PID for Discrete Systems Details
This VI assumes the following system structure:

Controlier Flani
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where

e zis the discrete time variable.

e G(2) is any proper transfer function that represents the plant you
want to control.

e C(2) is a PID controller with proportional gain Kp, integral gain K,
and derivative gain Kp. To search for these values, this VI
transforms Kp, K|, and Ky, into Ky, K5, and K5 by using the

following equations:
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This VI executes the following steps:

1. Calculates a valid K5 range for each specified model. If this VI
cannot calculate a valid K5 range for each model, the problem is
infeasible, and LabVIEW returns an error.

2. Calculates a K5 range that is feasible for all specified models. If

this VI cannot calculate this range, the problem is infeasible, and
LabVIEW returns an error. The following figure shows an
example of steps 1 and 2.
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3. Divides this common range into a number of points specified by

the Num K Grid Points parameter. The following figure shows
an example of this step, where n is the Num K Grid Points
parameter.
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. Calculates two-dimensional polygons at each K5 point. Each
polygon corresponds to a specified model. The dimensions of
these polygons are K; on the x-axis and K, on the y-axis.

. Calculates the intersection between the polygons at each Kj

point. The result is a set of two-dimensional polygons, known as
slices. Each slice is common to each model at each K5 point. The

following figure shows an example of steps 4 and 5.
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. Lines up each slice in three-dimensional space, where Kj is the

third axis. This step approximates a three-dimensional shape that
represents the boundary between stable and unstable sets of PID
gain values. On this three-dimensional grid, K; is the y-axis, K5 is

the z-axis, and Kj is the x-axis. The following figure shows an
example of this step.



7. Takes a uniform random sampling of points inside each slice. You
specify the total number of points by using the Num Search
Points parameter. Each point represents a set of Ky, K,, and K3

values.

@ Note This VI defines a rectangle around the polygon,
takes samples of points within the entire rectangle, and
keeps only those points that lie inside the slice. The
number of discarded points depends on the aspect ratio of
the polygon. Because this approach discards points that lie
outside the slice, the number of points returned might not
match the Num Search Points parameter exactly.

The following figure shows an example of this step.

This VI discards points that lie outside the slice. These discarded
points are marked with an X in the previous figure.

8. Transforms each K1, K5, and K3 value into Kp, K|, and Ky values.

9. This VI returns the set of two-dimensional slices in the Stable Set
Boundary parameter. The following figure shows an example
stable boundary.



10.

All points within the boundary, as shown in the previous figure,
are stable.

This VI also returns the points within the boundary in the Stable
Set Interior Points parameter. The following figure shows a
sample set of points.




Refer to the following resources for more information about the
algorithms and methods this VI uses.

e Keel, L. H., J. I. Rego, and S. P. Bhattacharyya. 2003. A new
approach to digital PID controller design. IEEE Transactions on
Automatic Control 48, no. 4.

e Keel, L.H., and S.P. Bhattacharyya. 2002. Root counting, phase
unwrapping, stability and stabilization of discrete time systems.
Linear algebra and its applications 351-2:501-518.

e Ho, Ming-Tzu, G. J. Silva, A. Datta, and S. P. Bhattacharyya.
2004. Real and complex stabilization: stability and performance.
Proc. Of the 2004 American Control Conference 5:4126-38.



Dynamic Characteristics VIs
Owning Palette: Control Design VIs and Functions

Installed With: Control Design and Simulation Module. This topic might
not match its corresponding palette in LabVIEW depending on your
operating system, licensed product(s), and target.

Use the Dynamic Characteristics VIs to calculate properties related to the
dynamics of a given system model. Dynamic characteristics include DC
gain, stability, norm, root locus, and pole-zero analysis.

The Vis on this palette can return general LabVIEW error codes or
specific control design error codes.

Palette .
Object Description
CD Returns the covariance of the outputs and/or states when

Covariance |Gaussian white noise excites the input model. The data
Response [type you wire to the State-Space Model input determines
the polymorphic instance to use.

CD Gives the damping ratios and natural frequencies of the
Damping |poles of the input system. The data type you wire to the
Ratio and |State-Space Model input determines the polymorphic

Natural instance to use.

Freguency
CD DC Calculates the DC gain, or the ratio of the outputs to the
Gain inputs of a system, after all the transients decay. The data

type you wire to the State-Space Model input determines
the polymorphic instance to use.

CD Distributes the total delay of a system into input, output, and
Distribute |transport delays such that the transport delays are minimal.
Delay This VI allocates the majority of the delays as input or

output delays. The remaining delays become transport
delays. The data type you wire to the State-Space Model
input determines the polymorphic instance to use.

CD Norm |Calculates the infinity-norm and 2-norm of linear time-
invariant (LTI) systems. The 2-norm is infinite for unstable
systems and for state-space systems whose D matrix is not
equal to zero. The data type you wire to the State-Space
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Model input determines the polymorphic instance to use.

CD Pole- |Plots the poles and zeros of a system model on an XY

Zero Map |graph that represents a complex plane. You can display this
data in the CD Pole-Zero S Grid or CD Pole-Zero Z Grid
indicator. The data type you wire to the State-Space Model
input determines the polymorphic instance to use.

CD Poles |Returns the model poles. The data type you wire to the
State-Space Model input determines the polymorphic
instance to use.

CD Root |Plots the Evans plot or trajectory of closed-loop poles of a

Locus single-input single-output (SISO) system as the feedback
gain varies from zero to infinity. You can display this data in
a root locus graph indicator. The data type you wire to the
State-Space Model input determines the polymorphic
instance to use.

CD Determines if the input system is stable, unstable, or

Stability marginally stable. The data type you wire to the State-
Space Model input determines the polymorphic instance to
use.

CD Total |Adds all the delays between each input and output pair and

Delay returns the total time delay. The total time delay includes the
input, output, and transport delays. The data type you wire
to the State-Space Model input determines the polymorphic
instance to use.

CD Zeros |Returns the locations of the model zeros. The data type you

wire to the State-Space Model input determines the
polymorphic instance to use.
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CD Covariance Response VI

Owning Palette: Dynamic Characteristics VIs
Installed With: Control Design and Simulation Module

Returns the covariance of the outputs and/or states when Gaussian white
noise excites the input model. The data type you wire to the State-Space
Model input determines the polymorphic instance to use.

Details
Use the pull-down menu to select an instance of this VI.

Select an instance ~

u Place on the block diagram i Find on the Functions palette
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CD Covariance Response (State-Space)

State-Space Model =) Qukpuk Covariance
Gaussian White Moise Covari... = E[wy] =5tate Covariance
Error in (no error) === o= grror ouk
State-Space Model contains a mathematical representation of

)

and additional model information about the system of which this VI
determines output covariance.

Gaussian White Noise Covariance is a symmetric, positive semi-
definite matrix N that specifies the covariance of the noise exciting
the system. The dimensions of this parameter also must be
consistent with the system model. Refer to the Details section for
the definition of this parameter when the model is continuous or
discrete.

error in describes error conditions that occur before this VI or
function runs. The default is no error. If an error occurred before
this VI or function runs, the VI or function passes the error in value
to error out. This VI or function runs normally only if no error
occurred before this VI or function runs. If an error occurs while
this VI or function runs, it runs normally and sets its own error
status in error out. Use the Simple Error Handler or General Error
Handler VIs to display the description of the error code. Use
exception control to treat what is normally an error as no error or to
treat a warning as an error. Use error in and error out to check
errors and to specify execution order by wiring error out from one
node to error in of the next node.

status is TRUE (X) if an error occurred before this VI or
function ran or FALSE (checkmark) to indicate a warning or
that no error occurred before this VI or function ran. The
default is FALSE.

code is the error or warning code. The default is O. If status
is TRUE, code is a honzero error code. If status is FALSE,
code is 0 or a warning code.

source specifies the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning. The default is an empty string.
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Output Covariance is the covariance matrix of the output y of the
system when Gaussian white noise with covariance N excites the
system.

State Covariance is the covariance matrix X of the state vector x
when Gaussian white noise with covariance N excites the system
that the State-Space Model represents. State Covariance is valid
only when the model is in state-space form.

error out contains error information. If error in indicates that an
error occurred before this VI or function ran, error out contains the
same error information. Otherwise, it describes the error status
that this VI or function produces. Right-click the error out front
panel indicator and select Explain Error from the shortcut menu
for more information about the error.

status is TRUE (X) if an error occurred or FALSE
(checkmark) to indicate a warning or that no error occurred.

code is the error or warning code. If status is TRUE, code
is a nonzero error code. If status is FALSE, code is O or a
warning code.

source describes the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning.
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CD Covariance Response (Transfer Function)

Transfer Function Model =) Qukpuk Covariance
Gaussian White Moise Covari... = E[wy]
Error in {no error) === error ouk
Transfer Function Model contains a mathematical representation

[
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of and information about the system of which this VI determines
output covariance.

Gaussian White Noise Covariance is a symmetric, positive semi-
definite matrix N that specifies the covariance of the noise exciting
the system. The dimensions of this parameter also must be
consistent with the system model. Refer to the Details section for
the definition of this parameter when the model is continuous or
discrete.

error in describes error conditions that occur before this VI or
function runs. The default is no error. If an error occurred before
this VI or function runs, the VI or function passes the error in value
to error out. This VI or function runs normally only if no error
occurred before this VI or function runs. If an error occurs while
this VI or function runs, it runs normally and sets its own error
status in error out. Use the Simple Error Handler or General Error
Handler VIs to display the description of the error code. Use
exception control to treat what is normally an error as no error or to
treat a warning as an error. Use error in and error out to check
errors and to specify execution order by wiring error out from one
node to error in of the next node.

status is TRUE (X) if an error occurred before this VI or
function ran or FALSE (checkmark) to indicate a warning or
that no error occurred before this VI or function ran. The
default is FALSE.

code is the error or warning code. The default is O. If status
is TRUE, code is a honzero error code. If status is FALSE,
code is 0 or a warning code.

source specifies the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning. The default is an empty string.
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Output Covariance is the covariance matrix of the output y of the
system when Gaussian white noise with covariance N excites the
system.

error out contains error information. If error in indicates that an
error occurred before this VI or function ran, error out contains the
same error information. Otherwise, it describes the error status
that this VI or function produces. Right-click the error out front
panel indicator and select Explain Error from the shortcut menu
for more information about the error.

status is TRUE (X) if an error occurred or FALSE
(checkmark) to indicate a warning or that no error occurred.

code is the error or warning code. If status is TRUE, code
is a nonzero error code. If status is FALSE, code is O or a
warning code.

source describes the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning.
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CD Covariance Response (Zero-Pole-Gain)

Zero-Pole-Gain Model =) Qukpuk Covariance
Gaussian White Moise Covari... = E[wy]
Error in {no error) === error ouk
Zero-Pole-Gain Model contains a mathematical representation of

[
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and information about the system of which this VI determines
output covariance.

Gaussian White Noise Covariance is a symmetric, positive semi-
definite matrix N that specifies the covariance of the noise exciting
the system. The dimensions of this parameter also must be
consistent with the system model. Refer to the Details section for
the definition of this parameter when the model is continuous or
discrete.

error in describes error conditions that occur before this VI or
function runs. The default is no error. If an error occurred before
this VI or function runs, the VI or function passes the error in value
to error out. This VI or function runs normally only if no error
occurred before this VI or function runs. If an error occurs while
this VI or function runs, it runs normally and sets its own error
status in error out. Use the Simple Error Handler or General Error
Handler VIs to display the description of the error code. Use
exception control to treat what is normally an error as no error or to
treat a warning as an error. Use error in and error out to check
errors and to specify execution order by wiring error out from one
node to error in of the next node.

status is TRUE (X) if an error occurred before this VI or
function ran or FALSE (checkmark) to indicate a warning or
that no error occurred before this VI or function ran. The
default is FALSE.

code is the error or warning code. The default is O. If status
is TRUE, code is a honzero error code. If status is FALSE,
code is 0 or a warning code.

source specifies the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning. The default is an empty string.
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Output Covariance is the covariance matrix of the output y of the
system when Gaussian white noise with covariance N excites the
system.

error out contains error information. If error in indicates that an
error occurred before this VI or function ran, error out contains the
same error information. Otherwise, it describes the error status
that this VI or function produces. Right-click the error out front
panel indicator and select Explain Error from the shortcut menu
for more information about the error.

status is TRUE (X) if an error occurred or FALSE
(checkmark) to indicate a warning or that no error occurred.

code is the error or warning code. If status is TRUE, code
is a nonzero error code. If status is FALSE, code is O or a
warning code.

source describes the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning.
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CD Covariance Response Details

The model must be stable for covariance to exist. You can use the CD
Stability VI to determine model stability.
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Continuous Models

This VI assumes continuous state-space models are of the following
form:

b= Axit)+Bwi(t)
yit) = Cxit)+ Dwit)

For continuous models, the Gaussian White Noise Covariance is
defined as

Nd(t — t) = E{w(t) . wT(t)}

The Output Covariance is defined as

E{y(® . y'(0}

The State Covariance is defined as

E{x() . x" (0}

This VI uses the following equations to calculate the outputs:

Output Covariance = CXC', where X is the solution to the continuous
Lyapunov equation AX+XAT = —BNBT.

@ Note If D does not equal zero, the Output Covariance is infinite.

State Covariance = X, which is the solution to the continuous Lyapunov
equation.



Discrete Models

This VI assumes discrete state-space models are of the following form:
x(k+1) = Ax(k) + Bw(k)

y(k) = Cx(k) + Dw(k)

For discrete models, the Gaussian White Noise Covariance is defined
as

Ndk| = E[Wk ; WT|]

The Output Covariance is defined as
E{y(k) . y" ()}

The State Covariance is defined as

E{x(k) . x"()}

This VI uses the following equation to calculate the outputs:

Output Covariance = CXC'+DNDT, where X is the solution to the
discrete Lyapunov equation AXAT™-X = —-BNB.

State Covariance = X, which is the solution to the discrete Lyapunov
equation.

where y is the output vector
X is the state vector
A is the state matrix
B is the input matrix
C is the output matrix
D is the direct transmission matrix
X is the solution to the continuous or discrete Riccati equation
w is the Gaussian white noise
t is continuous time
k is discrete time
d(t —t) is the Dirac delta function
dy, is the Kronecker delta function



E{} is the expected value or mean of the enclosed term(s)

This VI does not support delays unless the delays are part of the
mathematical model that represents the dynamic system. To account for
the delays when calculating the dynamic characteristics of a system, you
must incorporate the delays into the mathematical model of the dynamic
system using the CD Convert Delay with Pade Approximation VI
(continuous models) or the CD Convert Delay to Poles at Origin VI
(discrete models). Refer to the LabVIEW Control Design User Manual for
more information about delays and the limitations of Pade Approximation.
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CD Damping Ratio and Natural Frequency VI
Owning Palette: Dynamic Characteristics VIs
Installed With: Control Design and Simulation Module

Gives the damping ratios and natural frequencies of the poles of the input
system. The data type you wire to the State-Space Model input
determines the polymorphic instance to use.

Details
Use the pull-down menu to select an instance of this VI.

Select an instance -

u Place on the block diagram i Find on the Functions palette
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CD Damping Ratio and Natural Frequency (State-Space)

State-Space Model =) Damping Ratios

Error in (no error) H —poles

£ N e | L pyatural Frequencies

etror ouk
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[Ecoe]

State-Space Model contains a mathematical representation of
and information about the system of which this VI determines
damping ratio and natural frequency.

error in describes error conditions that occur before this VI or
function runs. The default is no error. If an error occurred before
this VI or function runs, the VI or function passes the error in value
to error out. This VI or function runs normally only if no error
occurred before this VI or function runs. If an error occurs while
this VI or function runs, it runs normally and sets its own error
status in error out. Use the Simple Error Handler or General Error
Handler VIs to display the description of the error code. Use
exception control to treat what is normally an error as no error or to
treat a warning as an error. Use error in and error out to check
errors and to specify execution order by wiring error out from one
node to error in of the next node.

status is TRUE (X) if an error occurred before this VI or
function ran or FALSE (checkmark) to indicate a warning or
that no error occurred before this VI or function ran. The
default is FALSE.

code is the error or warning code. The default is O. If status
is TRUE, code is a honzero error code. If status is FALSE,
code is 0 or a warning code.

source specifies the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning. The default is an empty string.

Damping Ratios returns the damping ratios for each pole in the
system.

Natural Frequencies returns the natural frequencies for each pole
in the system.

Poles returns the eigenvalues of state matrix A in state-space
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models.

error out contains error information. If error in indicates that an
error occurred before this VI or function ran, error out contains the
same error information. Otherwise, it describes the error status
that this VI or function produces. Right-click the error out front
panel indicator and select Explain Error from the shortcut menu
for more information about the error.

status is TRUE (X) if an error occurred or FALSE
(checkmark) to indicate a warning or that no error occurred.

code is the error or warning code. If status is TRUE, code
is a nonzero error code. If status is FALSE, code is O or a
warning code.

source describes the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning.
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CD Damping Ratio and Natural Frequency (Transfer

Function)
Transfer Function Model =) Diamping Ratios
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Transfer Function Model contains a mathematical representation
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of and information about the system of which this VI determines
damping ratio and natural frequency.

error in describes error conditions that occur before this VI or
function runs. The default is no error. If an error occurred before
this VI or function runs, the VI or function passes the error in value
to error out. This VI or function runs normally only if no error
occurred before this VI or function runs. If an error occurs while
this VI or function runs, it runs normally and sets its own error
status in error out. Use the Simple Error Handler or General Error
Handler VIs to display the description of the error code. Use
exception control to treat what is normally an error as no error or to
treat a warning as an error. Use error in and error out to check
errors and to specify execution order by wiring error out from one
node to error in of the next node.

status is TRUE (X) if an error occurred before this VI or
function ran or FALSE (checkmark) to indicate a warning or
that no error occurred before this VI or function ran. The
default is FALSE.

code is the error or warning code. The default is O. If status
is TRUE, code is a honzero error code. If status is FALSE,
code is 0 or a warning code.

source specifies the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning. The default is an empty string.

Damping Ratios returns the damping ratios for each pole in the
system.

Natural Frequencies returns the natural frequencies for each pole
in the system.


lvcdsimshrd.chm::/model_definitions.html
lvctrldsgn.chm::/model_info_vis.html
glang.chm::/Simple_Error_Handler.html
glang.chm::/General_Error_Handler.html
lvhowto.chm::/Controlling_Error_Notifica.html
lverror.chm::/Error_Code_Ranges.html

Poles returns the roots of the denominator in transfer function
models.

error out contains error information. If error in indicates that an
error occurred before this VI or function ran, error out contains the
same error information. Otherwise, it describes the error status
that this VI or function produces. Right-click the error out front
panel indicator and select Explain Error from the shortcut menu
for more information about the error.

status is TRUE (X) if an error occurred or FALSE
(checkmark) to indicate a warning or that no error occurred.

code is the error or warning code. If status is TRUE, code
is a nonzero error code. If status is FALSE, code is O or a
warning code.

source describes the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning.


lverror.chm::/Error_Code_Ranges.html

CD Damping Ratio and Natural Frequency (Zero-Pole-Gain)

Zero-Pole-Gain Model =) Damping Ratios
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Zero-Pole-Gain Model contains a mathematical representation of
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and information about the system of which this VI determines
damping ratio and natural frequency.

error in describes error conditions that occur before this VI or
function runs. The default is no error. If an error occurred before
this VI or function runs, the VI or function passes the error in value
to error out. This VI or function runs normally only if no error
occurred before this VI or function runs. If an error occurs while
this VI or function runs, it runs normally and sets its own error
status in error out. Use the Simple Error Handler or General Error
Handler VIs to display the description of the error code. Use
exception control to treat what is normally an error as no error or to
treat a warning as an error. Use error in and error out to check
errors and to specify execution order by wiring error out from one
node to error in of the next node.

status is TRUE (X) if an error occurred before this VI or
function ran or FALSE (checkmark) to indicate a warning or
that no error occurred before this VI or function ran. The
default is FALSE.

code is the error or warning code. The default is O. If status
is TRUE, code is a honzero error code. If status is FALSE,
code is 0 or a warning code.

source specifies the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning. The default is an empty string.

Damping Ratios returns the damping ratios for each pole in the
system.

Natural Frequencies returns the natural frequencies for each pole
in the system.

Poles returns the poles in zero-pole-gain models.
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error out contains error information. If error in indicates that an
error occurred before this VI or function ran, error out contains the
same error information. Otherwise, it describes the error status
that this VI or function produces. Right-click the error out front
panel indicator and select Explain Error from the shortcut menu
for more information about the error.

status is TRUE (X) if an error occurred or FALSE
(checkmark) to indicate a warning or that no error occurred.

code is the error or warning code. If status is TRUE, code
Is a nonzero error code. If status is FALSE, code is O or a
warning code.

source describes the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning.
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CD Damping Ratio and Natural Frequency Details

This VI does not support delays unless the delays are part of the
mathematical model that represents the dynamic system. To account for
the delays when calculating the dynamic characteristics of a system, you
must incorporate the delays into the mathematical model of the dynamic
system using the CD Convert Delay with Pade Approximation VI
(continuous models) or the CD Convert Delay to Poles at Origin VI
(discrete models). Refer to the LabVIEW Control Design User Manual for
more information about delays and the limitations of Pade Approximation.
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CD DC Gain VI

Owning Palette: Dynamic Characteristics VIs
Installed With: Control Design and Simulation Module

Calculates the DC gain, or the ratio of the outputs to the inputs of a
system, after all the transients decay. The data type you wire to the
State-Space Model input determines the polymorphic instance to use.

Details
Use the pull-down menu to select an instance of this VI.

Select an instance ~

u Place on the block diagram i Find on the Functions palette
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CD DC Gain (State-Space)
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State-Space Model contains a mathematical representation of
and information about the system of which this VI determines DC
gain.

error in describes error conditions that occur before this VI or
function runs. The default is no error. If an error occurred before
this VI or function runs, the VI or function passes the error in value
to error out. This VI or function runs normally only if no error
occurred before this VI or function runs. If an error occurs while
this VI or function runs, it runs normally and sets its own error
status in error out. Use the Simple Error Handler or General Error
Handler VIs to display the description of the error code. Use
exception control to treat what is normally an error as no error or to
treat a warning as an error. Use error in and error out to check
errors and to specify execution order by wiring error out from one
node to error in of the next node.

status is TRUE (X) if an error occurred before this VI or
function ran or FALSE (checkmark) to indicate a warning or
that no error occurred before this VI or function ran. The
default is FALSE.

code is the error or warning code. The default is O. If status
is TRUE, code is a honzero error code. If status is FALSE,
code is 0 or a warning code.

source specifies the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning. The default is an empty string.

DC Gain returns the steady state gain, which is the gain of the
system at low frequencies. DC Gain is a 2D-array where the jjth

element gives the DC gain of the system due to the jth output and
jth input.

Input-State DC Gain is the ratio of the change in the steady state
of the states divided by the change in the input under
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consideration.

error out contains error information. If error in indicates that an
error occurred before this VI or function ran, error out contains the
same error information. Otherwise, it describes the error status
that this VI or function produces. Right-click the error out front
panel indicator and select Explain Error from the shortcut menu
for more information about the error.

status is TRUE (X) if an error occurred or FALSE
(checkmark) to indicate a warning or that no error occurred.

code is the error or warning code. If status is TRUE, code
is a nonzero error code. If status is FALSE, code is O or a
warning code.

source describes the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning.
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CD DC Gain (Transfer Function)

Transfer Function Model T DiZ Gain
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Transfer Function Model contains a mathematical representation
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of and information about the system of which this VI determines
DC gain.

error in describes error conditions that occur before this VI or
function runs. The default is no error. If an error occurred before
this VI or function runs, the VI or function passes the error in value
to error out. This VI or function runs normally only if no error
occurred before this VI or function runs. If an error occurs while
this VI or function runs, it runs normally and sets its own error
status in error out. Use the Simple Error Handler or General Error
Handler VIs to display the description of the error code. Use
exception control to treat what is normally an error as no error or to
treat a warning as an error. Use error in and error out to check
errors and to specify execution order by wiring error out from one
node to error in of the next node.

status is TRUE (X) if an error occurred before this VI or
function ran or FALSE (checkmark) to indicate a warning or
that no error occurred before this VI or function ran. The
default is FALSE.

code is the error or warning code. The default is 0. If status
is TRUE, code is a honzero error code. If status is FALSE,
code is 0 or a warning code.

source specifies the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning. The default is an empty string.

DC Gain returns the steady state gain, which is the gain of the
system at low frequencies. DC Gain is a 2D-array where the jjth

element gives the DC gain of the system due to the jth output and
jth input.

error out contains error information. If error in indicates that an
error occurred before this VI or function ran, error out contains the
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same error information. Otherwise, it describes the error status
that this VI or function produces. Right-click the error out front
panel indicator and select Explain Error from the shortcut menu
for more information about the error.

status is TRUE (X) if an error occurred or FALSE
(checkmark) to indicate a warning or that no error occurred.

code is the error or warning code. If status is TRUE, code
Is a nonzero error code. If status is FALSE, code is 0 or a
warning code.

source describes the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning.
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CD DC Gain (Zero-Pole Gain)

Zero-Pole-Gain Model T DiZ Gain
Error in (no error) —[E}_ error ouk
Zero-Pole-Gain Model contains a mathematical representation of
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and information about the system of which this VI determines DC
gain.

error in describes error conditions that occur before this VI or
function runs. The default is no error. If an error occurred before
this VI or function runs, the VI or function passes the error in value
to error out. This VI or function runs normally only if no error
occurred before this VI or function runs. If an error occurs while
this VI or function runs, it runs normally and sets its own error
status in error out. Use the Simple Error Handler or General Error
Handler VIs to display the description of the error code. Use
exception control to treat what is normally an error as no error or to
treat a warning as an error. Use error in and error out to check
errors and to specify execution order by wiring error out from one
node to error in of the next node.

status is TRUE (X) if an error occurred before this VI or
function ran or FALSE (checkmark) to indicate a warning or
that no error occurred before this VI or function ran. The
default is FALSE.

code is the error or warning code. The default is 0. If status
is TRUE, code is a honzero error code. If status is FALSE,
code is 0 or a warning code.

source specifies the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning. The default is an empty string.

DC Gain returns the steady state gain, which is the gain of the
system at low frequencies. DC Gain is a 2D-array where the jjth

element gives the DC gain of the system due to the jth output and
jth input.

error out contains error information. If error in indicates that an
error occurred before this VI or function ran, error out contains the
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same error information. Otherwise, it describes the error status
that this VI or function produces. Right-click the error out front
panel indicator and select Explain Error from the shortcut menu
for more information about the error.

status is TRUE (X) if an error occurred or FALSE
(checkmark) to indicate a warning or that no error occurred.

code is the error or warning code. If status is TRUE, code
Is a nonzero error code. If status is FALSE, code is 0 or a
warning code.

source describes the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning.
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CD DC Gain Details

This VI does not support delays unless the delays are part of the
mathematical model that represents the dynamic system. To account for
the delays when calculating the dynamic characteristics of a system, you
must incorporate the delays into the mathematical model of the dynamic
system using the CD Convert Delay with Pade Approximation VI
(continuous models) or the CD Convert Delay to Poles at Origin VI
(discrete models). Refer to the LabVIEW Control Design User Manual for
more information about delays and the limitations of Pade Approximation.
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CD Distribute Delay VI

Owning Palette: Dynamic Characteristics VIs
Installed With: Control Design and Simulation Module

Distributes the total delay of a system into input, output, and transport
delays such that the transport delays are minimal. This VI allocates the
majority of the delays as input or output delays. The remaining delays
become transport delays. The data type you wire to the State-Space
Model input determines the polymorphic instance to use.

Use the pull-down menu to select an instance of this VI.

Select an instance -

u Place on the block diagram i Find on the Functions palette
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CD Distribute Delay (State-Space)
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State-Space Model contains a mathematical representation of
and information about the system of which this VI distributes delay.

error in describes error conditions that occur before this VI or
function runs. The default is no error. If an error occurred before
this VI or function runs, the VI or function passes the error in value
to error out. This VI or function runs normally only if no error
occurred before this VI or function runs. If an error occurs while
this VI or function runs, it runs normally and sets its own error
status in error out. Use the Simple Error Handler or General Error
Handler VIs to display the description of the error code. Use
exception control to treat what is normally an error as no error or to
treat a warning as an error. Use error in and error out to check
errors and to specify execution order by wiring error out from one
node to error in of the next node.

status is TRUE (X) if an error occurred before this VI or
function ran or FALSE (checkmark) to indicate a warning or
that no error occurred before this VI or function ran. The
default is FALSE.

code is the error or warning code. The default is O. If status
is TRUE, code is a honzero error code. If status is FALSE,
code is 0 or a warning code.

source specifies the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning. The default is an empty string.

Input Delays is the portion of the delay this VI transfers to the
inputs.

Output Delays is the portion of the delay this VI transfers to the
outputs after distribution.

Transport Delays is the portion of the delay this VI does not
transfer to an input or output after distribution.
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error out contains error information. If error in indicates that an
error occurred before this VI or function ran, error out contains the
same error information. Otherwise, it describes the error status
that this VI or function produces. Right-click the error out front
panel indicator and select Explain Error from the shortcut menu
for more information about the error.

status is TRUE (X) if an error occurred or FALSE
(checkmark) to indicate a warning or that no error occurred.

code is the error or warning code. If status is TRUE, code
Is a nonzero error code. If status is FALSE, code is O or a
warning code.

source describes the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning.


lverror.chm::/Error_Code_Ranges.html

CD Distribute Delay (Transfer Function)
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Transfer Function Model contains a mathematical representation
of and information about the system of which this VI distributes
delay.

error in describes error conditions that occur before this VI or
function runs. The default is no error. If an error occurred before
this VI or function runs, the VI or function passes the error in value
to error out. This VI or function runs normally only if no error
occurred before this VI or function runs. If an error occurs while
this VI or function runs, it runs normally and sets its own error
status in error out. Use the Simple Error Handler or General Error
Handler VIs to display the description of the error code. Use
exception control to treat what is normally an error as no error or to
treat a warning as an error. Use error in and error out to check
errors and to specify execution order by wiring error out from one
node to error in of the next node.

status is TRUE (X) if an error occurred before this VI or
function ran or FALSE (checkmark) to indicate a warning or
that no error occurred before this VI or function ran. The
default is FALSE.

code is the error or warning code. The default is O. If status
is TRUE, code is a honzero error code. If status is FALSE,
code is 0 or a warning code.

source specifies the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning. The default is an empty string.

Input Delays is the portion of the delay this VI transfers to the
inputs.

Output Delays is the portion of the delay this VI transfers to the
outputs after distribution.

Transport Delays is the portion of the delay this VI does not
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transfer to an input or output after distribution.

error out contains error information. If error in indicates that an
error occurred before this VI or function ran, error out contains the
same error information. Otherwise, it describes the error status
that this VI or function produces. Right-click the error out front
panel indicator and select Explain Error from the shortcut menu
for more information about the error.

status is TRUE (X) if an error occurred or FALSE
(checkmark) to indicate a warning or that no error occurred.

code is the error or warning code. If status is TRUE, code
is a nonzero error code. If status is FALSE, code is O or a
warning code.

source describes the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning.
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CD Distribute Delay (Zero-Pole-Gain)
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Zero-Pole-Gain Model contains a mathematical representation of
and information about the system of which this VI distributes delay.

error in describes error conditions that occur before this VI or
function runs. The default is no error. If an error occurred before
this VI or function runs, the VI or function passes the error in value
to error out. This VI or function runs normally only if no error
occurred before this VI or function runs. If an error occurs while
this VI or function runs, it runs normally and sets its own error
status in error out. Use the Simple Error Handler or General Error
Handler VIs to display the description of the error code. Use
exception control to treat what is normally an error as no error or to
treat a warning as an error. Use error in and error out to check
errors and to specify execution order by wiring error out from one
node to error in of the next node.

status is TRUE (X) if an error occurred before this VI or
function ran or FALSE (checkmark) to indicate a warning or
that no error occurred before this VI or function ran. The
default is FALSE.

code is the error or warning code. The default is O. If status
is TRUE, code is a honzero error code. If status is FALSE,
code is 0 or a warning code.

source specifies the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning. The default is an empty string.

Input Delays is the portion of the delay this VI transfers to the
inputs.

Output Delays is the portion of the delay this VI transfers to the
outputs after distribution.

Transport Delays is the portion of the delay this VI does not
transfer to an input or output after distribution.
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error out contains error information. If error in indicates that an
error occurred before this VI or function ran, error out contains the
same error information. Otherwise, it describes the error status
that this VI or function produces. Right-click the error out front
panel indicator and select Explain Error from the shortcut menu
for more information about the error.

status is TRUE (X) if an error occurred or FALSE
(checkmark) to indicate a warning or that no error occurred.

code is the error or warning code. If status is TRUE, code
Is a nonzero error code. If status is FALSE, code is O or a
warning code.

source describes the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning.


lverror.chm::/Error_Code_Ranges.html

CD Norm VI

Owning Palette: Dynamic Characteristics VIs
Installed With: Control Design and Simulation Module

Calculates the infinity-norm and 2-norm of linear time-invariant (LTI)
systems. The 2-norm is infinite for unstable systems and for state-space
systems whose D matrix is not equal to zero. The data type you wire to
the State-Space Model input determines the polymorphic instance to
use.

Details
Use the pull-down menu to select an instance of this VI.

'Select an instance ~

u Place on the block diagram i Find on the Functions palette
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CD Norm (State-Space)

State-Space Model =) Marm
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State-Space Model contains a mathematical representation of

.....

and information about the system of which this VI determines the
norm.

Type specifies the method for calculating the norm.

0|2-norm (default)—Calculates ||H||»

1 |infinity-norm—Calculates ||H||,

error in describes error conditions that occur before this VI or
function runs. The default is no error. If an error occurred before
this VI or function runs, the VI or function passes the error in value
to error out. This VI or function runs normally only if no error
occurred before this VI or function runs. If an error occurs while
this VI or function runs, it runs normally and sets its own error
status in error out. Use the Simple Error Handler or General Error
Handler VIs to display the description of the error code. Use
exception control to treat what is normally an error as no error or to
treat a warning as an error. Use error in and error out to check
errors and to specify execution order by wiring error out from one
node to error in of the next node.

status is TRUE (X) if an error occurred before this VI or
function ran or FALSE (checkmark) to indicate a warning or
that no error occurred before this VI or function ran. The
default is FALSE.

code is the error or warning code. The default is O. If status
is TRUE, code is a honzero error code. If status is FALSE,
code is 0 or a warning code.

source specifies the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning. The default is an empty string.

Norm returns the value of ||H||, or ||H||,., depending on the
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method specified in [ trace H (o) Hada)

Type: Hlz=

HIl.. = si‘p T pnanl Hii

The 2-norm is the RMS of the output when white noise of unit
intensity excites the system. The infinity-norm is the maximum
magnification of the frequency response of the system.

Frequency returns the value, in rad/s, at which this VI evaluates
||H||- Frequency is undefined for ||H||, and has a value of NaN.

error out contains error information. If error in indicates that an
error occurred before this VI or function ran, error out contains the
same error information. Otherwise, it describes the error status
that this VI or function produces. Right-click the error out front
panel indicator and select Explain Error from the shortcut menu
for more information about the error.

status is TRUE (X) if an error occurred or FALSE
(checkmark) to indicate a warning or that no error occurred.

code is the error or warning code. If status is TRUE, code
is a nonzero error code. If status is FALSE, code is O or a
warning code.

source describes the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning.
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CD Norm (Transfer Function)

Transfer Function Model T Marm
Type = =l - Frequency
Error in (no error) === o= grror ouk
Transfer Function Model contains a mathematical representation

.....

of and information about the system of which this VI determines
the norm.

Type specifies the method for calculating the norm.

0|2-norm (default)—Calculates ||H||»

1 |infinity-norm—Calculates ||H||,

error in describes error conditions that occur before this VI or
function runs. The default is no error. If an error occurred before
this VI or function runs, the VI or function passes the error in value
to error out. This VI or function runs normally only if no error
occurred before this VI or function runs. If an error occurs while
this VI or function runs, it runs normally and sets its own error
status in error out. Use the Simple Error Handler or General Error
Handler VIs to display the description of the error code. Use
exception control to treat what is normally an error as no error or to
treat a warning as an error. Use error in and error out to check
errors and to specify execution order by wiring error out from one
node to error in of the next node.

status is TRUE (X) if an error occurred before this VI or
function ran or FALSE (checkmark) to indicate a warning or
that no error occurred before this VI or function ran. The
default is FALSE.

code is the error or warning code. The default is O. If status
is TRUE, code is a honzero error code. If status is FALSE,
code is 0 or a warning code.

source specifies the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning. The default is an empty string.

Norm returns the value of ||H||, or ||H||,., depending on the
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method specified in [ trace H (o) Hada)

Type: Hlz=

HIl.. = si‘p T pnanl Hii

The 2-norm is the RMS of the output when white noise of unit
intensity excites the system. The infinity-norm is the maximum
magnification of the frequency response of the system.

Frequency returns the value, in rad/s, at which this VI evaluates
||H||- Frequency is undefined for ||H||, and has a value of NaN.

error out contains error information. If error in indicates that an
error occurred before this VI or function ran, error out contains the
same error information. Otherwise, it describes the error status
that this VI or function produces. Right-click the error out front
panel indicator and select Explain Error from the shortcut menu
for more information about the error.

status is TRUE (X) if an error occurred or FALSE
(checkmark) to indicate a warning or that no error occurred.

code is the error or warning code. If status is TRUE, code
is a nonzero error code. If status is FALSE, code is O or a
warning code.

source describes the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning.
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CD Norm (Zero-Pole-Gain)

Zero-Pole-Gain Model T Marm
Type = [l |l - Frequency
Error in (no error) === o= grror ouk
Zero-Pole-Gain Model contains a mathematical representation of

.....

and information about the system of which this VI determines the
norm.

Type specifies the method for calculating the norm.

0|2-norm (default)—Calculates ||H||»

1 |infinity-norm—Calculates ||H||,

error in describes error conditions that occur before this VI or
function runs. The default is no error. If an error occurred before
this VI or function runs, the VI or function passes the error in value
to error out. This VI or function runs normally only if no error
occurred before this VI or function runs. If an error occurs while
this VI or function runs, it runs normally and sets its own error
status in error out. Use the Simple Error Handler or General Error
Handler VIs to display the description of the error code. Use
exception control to treat what is normally an error as no error or to
treat a warning as an error. Use error in and error out to check
errors and to specify execution order by wiring error out from one
node to error in of the next node.

status is TRUE (X) if an error occurred before this VI or
function ran or FALSE (checkmark) to indicate a warning or
that no error occurred before this VI or function ran. The
default is FALSE.

code is the error or warning code. The default is O. If status
is TRUE, code is a honzero error code. If status is FALSE,
code is 0 or a warning code.

source specifies the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning. The default is an empty string.

Norm returns the value of ||H||, or ||H||,., depending on the
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method specified in [ trace H (o) Hada)

Type: Hlz=

HIl.. = si‘p T pnanl Hii

The 2-norm is the RMS of the output when white noise of unit
intensity excites the system. The infinity-norm is the maximum
magnification of the frequency response of the system.

Frequency returns the value, in rad/s, at which this VI evaluates
||H||- Frequency is undefined for ||H||, and has a value of NaN.

error out contains error information. If error in indicates that an
error occurred before this VI or function ran, error out contains the
same error information. Otherwise, it describes the error status
that this VI or function produces. Right-click the error out front
panel indicator and select Explain Error from the shortcut menu
for more information about the error.

status is TRUE (X) if an error occurred or FALSE
(checkmark) to indicate a warning or that no error occurred.

code is the error or warning code. If status is TRUE, code
is a nonzero error code. If status is FALSE, code is O or a
warning code.

source describes the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning.
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CD Norm Detalils

This VI does not support delays unless the delays are part of the
mathematical model that represents the dynamic system. To account for
the delays when calculating the dynamic characteristics of a system, you
must incorporate the delays into the mathematical model of the dynamic
system using the CD Convert Delay with Pade Approximation VI
(continuous models) or the CD Convert Delay to Poles at Origin VI
(discrete models). Refer to the LabVIEW Control Design User Manual for
more information about delays and the limitations of Pade Approximation.
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CD Pole-Zero Map VI

Owning Palette: Dynamic Characteristics VIs
Installed With: Control Design and Simulation Module

Plots the poles and zeros of a system model on an XY graph that
represents a complex plane. You can display this data in the CD Pole-
Zero S Grid or CD Pole-Zero Z Grid indicator. The data type you wire to
the State-Space Model input determines the polymorphic instance to
use.

Details
Use the pull-down menu to select an instance of this VI.

Select an instance M

u Place on the block diagram i Find on the Functions palette
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CD Pole-Zero Map (State-Space)
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State-Space Model contains a mathematical representation of
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and information about the system of which this VI plots the poles
and zeros on a complex plane.

error in describes error conditions that occur before this VI or
function runs. The default is no error. If an error occurred before
this VI or function runs, the VI or function passes the error in value
to error out. This VI or function runs normally only if no error
occurred before this VI or function runs. If an error occurs while
this VI or function runs, it runs normally and sets its own error
status in error out. Use the Simple Error Handler or General Error
Handler VIs to display the description of the error code. Use
exception control to treat what is normally an error as no error or to
treat a warning as an error. Use error in and error out to check
errors and to specify execution order by wiring error out from one
node to error in of the next node.

status is TRUE (X) if an error occurred before this VI or
function ran or FALSE (checkmark) to indicate a warning or
that no error occurred before this VI or function ran. The
default is FALSE.

code is the error or warning code. The default is O. If status
is TRUE, code is a honzero error code. If status is FALSE,
code is 0 or a warning code.

source specifies the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning. The default is an empty string.

Pole-Zero Map Plot is a plot of the poles and zeros of a system
model on the complex plane, where the real values are on the x-
axis, and imaginary values are on the y-axis. Right-click this
terminal on the block diagram and select Create»Indicator from
the shortcut menu to display this data in a CD Pole-Zero indicator.

Poles returns an array of all the system poles.
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ko5l Zeros returns all the system zeros. If the system is a MIMO
system, this VI calculates the Zeros as transmission zeros of the
model.

error out contains error information. If error in indicates that an
error occurred before this VI or function ran, error out contains the
same error information. Otherwise, it describes the error status
that this VI or function produces. Right-click the error out front
panel indicator and select Explain Error from the shortcut menu
for more information about the error.

status is TRUE (X) if an error occurred or FALSE
(checkmark) to indicate a warning or that no error occurred.

code is the error or warning code. If status is TRUE, code
is a nonzero error code. If status is FALSE, code is O or a
warning code.

source describes the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning.
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CD Pole-Zero Map (Transfer Function)
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Transfer Function Model contains a mathematical representation
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of and information about the system of which this VI plots the poles
and zeros on a complex plane.

error in describes error conditions that occur before this VI or
function runs. The default is no error. If an error occurred before
this VI or function runs, the VI or function passes the error in value
to error out. This VI or function runs normally only if no error
occurred before this VI or function runs. If an error occurs while
this VI or function runs, it runs normally and sets its own error
status in error out. Use the Simple Error Handler or General Error
Handler VIs to display the description of the error code. Use
exception control to treat what is normally an error as no error or to
treat a warning as an error. Use error in and error out to check
errors and to specify execution order by wiring error out from one
node to error in of the next node.

status is TRUE (X) if an error occurred before this VI or
function ran or FALSE (checkmark) to indicate a warning or
that no error occurred before this VI or function ran. The
default is FALSE.

code is the error or warning code. The default is O. If status
is TRUE, code is a honzero error code. If status is FALSE,
code is 0 or a warning code.

source specifies the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning. The default is an empty string.

Pole-Zero Map Plot is a plot of the poles and zeros of a system
model on the complex plane, where the real values are on the x-
axis, and imaginary values are on the y-axis. Right-click this
terminal on the block diagram and select Create»Indicator from
the shortcut menu to display this data in a CD Pole-Zero indicator.

Poles returns an array of all the system poles.
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ko5l Zeros returns all the system zeros. If the system is a MIMO
system, this VI calculates the Zeros as transmission zeros of the
model.

error out contains error information. If error in indicates that an
error occurred before this VI or function ran, error out contains the
same error information. Otherwise, it describes the error status
that this VI or function produces. Right-click the error out front
panel indicator and select Explain Error from the shortcut menu
for more information about the error.

status is TRUE (X) if an error occurred or FALSE
(checkmark) to indicate a warning or that no error occurred.

code is the error or warning code. If status is TRUE, code
is a nonzero error code. If status is FALSE, code is O or a
warning code.

source describes the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning.
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CD Pole-Zero Map (Zero-Pole-Gain)

Zero-Pole-Gain Model
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Zero-Pole-Gain Model contains a mathematical representation of
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and information about the system of which this VI plots the poles
and zeros on a complex plane.

error in describes error conditions that occur before this VI or
function runs. The default is no error. If an error occurred before
this VI or function runs, the VI or function passes the error in value
to error out. This VI or function runs normally only if no error
occurred before this VI or function runs. If an error occurs while
this VI or function runs, it runs normally and sets its own error
status in error out. Use the Simple Error Handler or General Error
Handler VIs to display the description of the error code. Use
exception control to treat what is normally an error as no error or to
treat a warning as an error. Use error in and error out to check
errors and to specify execution order by wiring error out from one
node to error in of the next node.

status is TRUE (X) if an error occurred before this VI or
function ran or FALSE (checkmark) to indicate a warning or
that no error occurred before this VI or function ran. The
default is FALSE.

code is the error or warning code. The default is O. If status
is TRUE, code is a honzero error code. If status is FALSE,
code is 0 or a warning code.

source specifies the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning. The default is an empty string.

Pole-Zero Map Plot is a plot of the poles and zeros of a system
model on the complex plane, where the real values are on the x-
axis, and imaginary values are on the y-axis. Right-click this
terminal on the block diagram and select Create»Indicator from
the shortcut menu to display this data in a CD Pole-Zero indicator.

Poles returns an array of all the system poles.
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ko5l Zeros returns all the system zeros. If the system is a MIMO
system, this VI calculates the Zeros as transmission zeros of the
model.

error out contains error information. If error in indicates that an
error occurred before this VI or function ran, error out contains the
same error information. Otherwise, it describes the error status
that this VI or function produces. Right-click the error out front
panel indicator and select Explain Error from the shortcut menu
for more information about the error.

status is TRUE (X) if an error occurred or FALSE
(checkmark) to indicate a warning or that no error occurred.

code is the error or warning code. If status is TRUE, code
is a nonzero error code. If status is FALSE, code is O or a
warning code.

source describes the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning.
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CD Pole-Zero Map Details

This VI does not support delays unless the delays are part of the
mathematical model that represents the dynamic system. To account for
the delays when calculating the dynamic characteristics of a system, you
must incorporate the delays into the mathematical model of the dynamic
system using the CD Convert Delay with Pade Approximation VI
(continuous models) or the CD Convert Delay to Poles at Origin VI
(discrete models). Refer to the LabVIEW Control Design User Manual for
more information about delays and the limitations of Pade Approximation.
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CD Poles VI

Owning Palette: Dynamic Characteristics VIs
Installed With: Control Design and Simulation Module

Returns the model poles. The data type you wire to the State-Space
Model input determines the polymorphic instance to use.

Use the pull-down menu to select an instance of this VI.

Select an instance ~

u Place on the block diagram i Find on the Functions palette
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CD Poles (State-Space)

State-Space Model =) Poles
Error in (no error) " error ouk
State-Space Model contains a mathematical representation of
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and information about the system for which this VI returns the
poles.

error in describes error conditions that occur before this VI or
function runs. The default is no error. If an error occurred before
this VI or function runs, the VI or function passes the error in value
to error out. This VI or function runs normally only if no error
occurred before this VI or function runs. If an error occurs while
this VI or function runs, it runs normally and sets its own error
status in error out. Use the Simple Error Handler or General Error
Handler VIs to display the description of the error code. Use
exception control to treat what is normally an error as no error or to
treat a warning as an error. Use error in and error out to check
errors and to specify execution order by wiring error out from one
node to error in of the next node.

status is TRUE (X) if an error occurred before this VI or
function ran or FALSE (checkmark) to indicate a warning or
that no error occurred before this VI or function ran. The
default is FALSE.

code is the error or warning code. The default is 0. If status
is TRUE, code is a honzero error code. If status is FALSE,
code is 0 or a warning code.

source specifies the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning. The default is an empty string.

Poles returns the locations of the model poles. For multiple-input
multiple-output (MIMO) system models, this VI calculates the least-
common multiple for all the poles of transfer function or zero-pole-
gain elements of the MIMO system matrix. These poles are not
necessarily identical to the poles you can obtain by using the
Smith-McMillan form.
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error out contains error information. If error in indicates that an
error occurred before this VI or function ran, error out contains the
same error information. Otherwise, it describes the error status
that this VI or function produces. Right-click the error out front
panel indicator and select Explain Error from the shortcut menu
for more information about the error.

status is TRUE (X) if an error occurred or FALSE
(checkmark) to indicate a warning or that no error occurred.

code is the error or warning code. If status is TRUE, code
Is a nonzero error code. If status is FALSE, code is O or a
warning code.

source describes the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning.
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CD Poles (Transfer Function)
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Transfer Function Model contains a mathematical representation

__'_'._'I
1|

of and information about the system for which this VI returns the
poles.

error in describes error conditions that occur before this VI or
function runs. The default is no error. If an error occurred before
this VI or function runs, the VI or function passes the error in value
to error out. This VI or function runs normally only if no error
occurred before this VI or function runs. If an error occurs while
this VI or function runs, it runs normally and sets its own error
status in error out. Use the Simple Error Handler or General Error
Handler VIs to display the description of the error code. Use
exception control to treat what is normally an error as no error or to
treat a warning as an error. Use error in and error out to check
errors and to specify execution order by wiring error out from one
node to error in of the next node.

status is TRUE (X) if an error occurred before this VI or
function ran or FALSE (checkmark) to indicate a warning or
that no error occurred before this VI or function ran. The
default is FALSE.

code is the error or warning code. The default is 0. If status
is TRUE, code is a honzero error code. If status is FALSE,
code is 0 or a warning code.

source specifies the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning. The default is an empty string.

Poles returns the locations of the model poles. For multiple-input
multiple-output (MIMO) system models, this VI calculates the least-
common multiple for all the poles of transfer function or zero-pole-
gain elements of the MIMO system matrix. These poles are not
necessarily identical to the poles you can obtain by using the
Smith-McMillan form.
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error out contains error information. If error in indicates that an
error occurred before this VI or function ran, error out contains the
same error information. Otherwise, it describes the error status
that this VI or function produces. Right-click the error out front
panel indicator and select Explain Error from the shortcut menu
for more information about the error.

status is TRUE (X) if an error occurred or FALSE
(checkmark) to indicate a warning or that no error occurred.

code is the error or warning code. If status is TRUE, code
Is a nonzero error code. If status is FALSE, code is O or a
warning code.

source describes the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning.
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CD Poles (Zero-Pole-Gain)
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Zero-Pole-Gain Model contains a mathematical representation of
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and information about the system for which this VI returns the
poles.

error in describes error conditions that occur before this VI or
function runs. The default is no error. If an error occurred before
this VI or function runs, the VI or function passes the error in value
to error out. This VI or function runs normally only if no error
occurred before this VI or function runs. If an error occurs while
this VI or function runs, it runs normally and sets its own error
status in error out. Use the Simple Error Handler or General Error
Handler VIs to display the description of the error code. Use
exception control to treat what is normally an error as no error or to
treat a warning as an error. Use error in and error out to check
errors and to specify execution order by wiring error out from one
node to error in of the next node.

status is TRUE (X) if an error occurred before this VI or
function ran or FALSE (checkmark) to indicate a warning or
that no error occurred before this VI or function ran. The
default is FALSE.

code is the error or warning code. The default is 0. If status
is TRUE, code is a honzero error code. If status is FALSE,
code is 0 or a warning code.

source specifies the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning. The default is an empty string.

Poles returns the locations of the model poles. For multiple-input
multiple-output (MIMO) system models, this VI calculates the least-
common multiple for all the poles of transfer function or zero-pole-
gain elements of the MIMO system matrix. These poles are not
necessarily identical to the poles you can obtain by using the
Smith-McMillan form.
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error out contains error information. If error in indicates that an
error occurred before this VI or function ran, error out contains the
same error information. Otherwise, it describes the error status
that this VI or function produces. Right-click the error out front
panel indicator and select Explain Error from the shortcut menu
for more information about the error.

status is TRUE (X) if an error occurred or FALSE
(checkmark) to indicate a warning or that no error occurred.

code is the error or warning code. If status is TRUE, code
Is a nonzero error code. If status is FALSE, code is O or a
warning code.

source describes the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning.
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CD Root Locus VI

Owning Palette: Dynamic Characteristics VIs
Installed With: Control Design and Simulation Module

Plots the Evans plot or trajectory of closed-loop poles of a single-input
single-output (SISO) system as the feedback gain varies from zero to
infinity. You can display this data in a root locus graph indicator. The data
type you wire to the State-Space Model input determines the
polymorphic instance to use.

Details
Use the pull-down menu to select an instance of this VI.

Select an instance -~

u Place on the block diagram i Find on the Functions palette
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CD Root Locus (State-Space)

Root Locus Graph Reference ——————
T+

State-Space Model
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Root Locus Graph Reference specifies a reference to the Root
Locus Graph.

State-Space Model contains a mathematical representation of
and information about the system for which this VI generates the
root locus, or Evans, plot.

Gain Info specifies the initial and final gain values.
KO is the initial feedback gain value. The default is O.

Kf is the final feedback gain value. The default is 0.

Gain specifies the feedback gain to apply to each open-loop model
pole. Use this parameter to determine the feedback gain
necessary to place an open-loop pole in a particular location. Each
element of the Gain parameter corresponds to a different open-
loop pole.

error in describes error conditions that occur before this VI or
function runs. The default is no error. If an error occurred before
this VI or function runs, the VI or function passes the error in value
to error out. This VI or function runs normally only if no error
occurred before this VI or function runs. If an error occurs while
this VI or function runs, it runs normally and sets its own error
status in error out. Use the Simple Error Handler or General Error
Handler VIs to display the description of the error code. Use
exception control to treat what is normally an error as no error or to
treat a warning as an error. Use error in and error out to check
errors and to specify execution order by wiring error out from one
node to error in of the next node.

status is TRUE (X) if an error occurred before this VI or
function ran or FALSE (checkmark) to indicate a warning or
that no error occurred before this VI or function ran. The
default is FALSE.
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code is the error or warning code. The default is O. If status
is TRUE, code is a honzero error code. If status is FALSE,
code is 0 or a warning code.

source specifies the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning. The default is an empty string.

Feedback specifies the type of feedback, positive or negative.

O|negative (default)—The closed-loop system has negative
feedback.

1 |positive—The closed-loop system has positive feedback.

Minimum Number of Points specifies the minimum number of
points this VI uses for the root locus plot. The default is 300 points.

Root Locus Graph displays the Evans plot of a SISO feedback
system on an XY graph. Right-click this terminal on the block
diagram and select Create»Indicator from the shortcut menu to
display this data in a root locus graph indicator.

Root Locus Data returns information about the root locus
calculatlon

=] K is a 1D-array of m elements of all the gain values that this
VI uses to create the root locus.

1] Roots is an m x n array, where n is the number of poles in
the closed-loop transfer function. The jth row of Roots

consists of the n closed-loop poles that result when the
feedback gain has value equal to the jth element of K

Root Locus Information returns information about the root locus
plot such as the bifurcation points and open-loop poles and zeros.

1] Open-Loop Zeros returns the zeros of the open-loop
system and the location of the closed-loop poles when the
gain K equals infinity.

1] Open-Loop Poles returns the poles of the closed-loop
system when the gain K equals 0.

1] Bifurcation Points returns the points in the root locus plot
where a pair of real poles splits into a conjugate pair of
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poles.

)] K at Bifurcation Point returns the gain values at which the
bifurcation occurs in the root locus plot.

error out contains error information. If error in indicates that an
error occurred before this VI or function ran, error out contains the
same error information. Otherwise, it describes the error status
that this VI or function produces. Right-click the error out front
panel indicator and select Explain Error from the shortcut menu
for more information about the error.

status is TRUE (X) if an error occurred or FALSE
(checkmark) to indicate a warning or that no error occurred.

code is the error or warning code. If status is TRUE, code
Is a nonzero error code. If status is FALSE, code is O or a
warning code.

source describes the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning.
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CD Root Locus (Transfer Function)
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Root Locus Graph Reference specifies a reference to the Root
Locus Graph.

Transfer Function Model contains a mathematical representation
of and information about the system for which this VI generates the
root locus, or Evans, plot.

Gain Info specifies the initial and final gain values.
KO is the initial feedback gain value. The default is O.

Kf is the final feedback gain value. The default is 0.

Gain specifies the feedback gain to apply to each open-loop model
pole. Use this parameter to determine the feedback gain
necessary to place an open-loop pole in a particular location. Each
element of the Gain parameter corresponds to a different open-
loop pole.

error in describes error conditions that occur before this VI or
function runs. The default is no error. If an error occurred before
this VI or function runs, the VI or function passes the error in value
to error out. This VI or function runs normally only if no error
occurred before this VI or function runs. If an error occurs while
this VI or function runs, it runs normally and sets its own error
status in error out. Use the Simple Error Handler or General Error
Handler VIs to display the description of the error code. Use
exception control to treat what is normally an error as no error or to
treat a warning as an error. Use error in and error out to check
errors and to specify execution order by wiring error out from one
node to error in of the next node.

status is TRUE (X) if an error occurred before this VI or
function ran or FALSE (checkmark) to indicate a warning or
that no error occurred before this VI or function ran. The
default is FALSE.
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code is the error or warning code. The default is O. If status
is TRUE, code is a honzero error code. If status is FALSE,
code is 0 or a warning code.

source specifies the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning. The default is an empty string.

Feedback specifies the type of feedback, positive or negative.

O|negative (default)—The closed-loop system has negative
feedback.

1 |positive—The closed-loop system has positive feedback.

Minimum Number of Points specifies the minimum number of
points this VI uses for the root locus plot. The default is 300 points.

Root Locus Graph displays the Evans plot of a SISO feedback
system on an XY graph. Right-click this terminal on the block
diagram and select Create»Indicator from the shortcut menu to
display this data in a root locus graph indicator.

Root Locus Data returns information about the root locus
calculatlon

=] K is a 1D-array of m elements of all the gain values that this
VI uses to create the root locus.

1] Roots is an m x n array, where n is the number of poles in
the closed-loop transfer function. The jth row of Roots

consists of the n closed-loop poles that result when the
feedback gain has value equal to the jth element of K

Root Locus Information returns information about the root locus
plot such as the bifurcation points and open-loop poles and zeros.

1] Open-Loop Zeros returns the zeros of the open-loop
system and the location of the closed-loop poles when the
gain K equals infinity.

1] Open-Loop Poles returns the poles of the closed-loop
system when the gain K equals 0.

1] Bifurcation Points returns the points in the root locus plot
where a pair of real poles splits into a conjugate pair of
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poles.

)] K at Bifurcation Point returns the gain values at which the
bifurcation occurs in the root locus plot.

error out contains error information. If error in indicates that an
error occurred before this VI or function ran, error out contains the
same error information. Otherwise, it describes the error status
that this VI or function produces. Right-click the error out front
panel indicator and select Explain Error from the shortcut menu
for more information about the error.

status is TRUE (X) if an error occurred or FALSE
(checkmark) to indicate a warning or that no error occurred.

code is the error or warning code. If status is TRUE, code
Is a nonzero error code. If status is FALSE, code is O or a
warning code.

source describes the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning.
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Root Locus Graph Reference specifies a reference to the Root
Locus Graph.

Zero-Pole-Gain Model contains a mathematical representation of
and information about the system for which this VI generates the
root locus, or Evans, plot.

Gain Info specifies the initial and final gain values.
KO is the initial feedback gain value. The default is O.

Kf is the final feedback gain value. The default is 0.

Gain specifies the feedback gain to apply to each open-loop model
pole. Use this parameter to determine the feedback gain
necessary to place an open-loop pole in a particular location. Each
element of the Gain parameter corresponds to a different open-
loop pole.

error in describes error conditions that occur before this VI or
function runs. The default is no error. If an error occurred before
this VI or function runs, the VI or function passes the error in value
to error out. This VI or function runs normally only if no error
occurred before this VI or function runs. If an error occurs while
this VI or function runs, it runs normally and sets its own error
status in error out. Use the Simple Error Handler or General Error
Handler VIs to display the description of the error code. Use
exception control to treat what is normally an error as no error or to
treat a warning as an error. Use error in and error out to check
errors and to specify execution order by wiring error out from one
node to error in of the next node.

status is TRUE (X) if an error occurred before this VI or
function ran or FALSE (checkmark) to indicate a warning or
that no error occurred before this VI or function ran. The
default is FALSE.
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code is the error or warning code. The default is O. If status
is TRUE, code is a honzero error code. If status is FALSE,
code is 0 or a warning code.

source specifies the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning. The default is an empty string.

Feedback specifies the type of feedback, positive or negative.

O|negative (default)—The closed-loop system has negative
feedback.

1 |positive—The closed-loop system has positive feedback.

Minimum Number of Points specifies the minimum number of
points this VI uses for the root locus plot. The default is 300 points.

Root Locus Graph displays the Evans plot of a SISO feedback
system on an XY graph. Right-click this terminal on the block
diagram and select Create»Indicator from the shortcut menu to
display this data in a root locus graph indicator.

Root Locus Data returns information about the root locus
calculatlon

=] K is a 1D-array of m elements of all the gain values that this
VI uses to create the root locus.

1] Roots is an m x n array, where n is the number of poles in
the closed-loop transfer function. The jth row of Roots

consists of the n closed-loop poles that result when the
feedback gain has value equal to the jth element of K

Root Locus Information returns information about the root locus
plot such as the bifurcation points and open-loop poles and zeros.

1] Open-Loop Zeros returns the zeros of the open-loop
system and the location of the closed-loop poles when the
gain K equals infinity.

1] Open-Loop Poles returns the poles of the closed-loop
system when the gain K equals 0.

1] Bifurcation Points returns the points in the root locus plot
where a pair of real poles splits into a conjugate pair of
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poles.

)] K at Bifurcation Point returns the gain values at which the
bifurcation occurs in the root locus plot.

error out contains error information. If error in indicates that an
error occurred before this VI or function ran, error out contains the
same error information. Otherwise, it describes the error status
that this VI or function produces. Right-click the error out front
panel indicator and select Explain Error from the shortcut menu
for more information about the error.

status is TRUE (X) if an error occurred or FALSE
(checkmark) to indicate a warning or that no error occurred.

code is the error or warning code. If status is TRUE, code
Is a nonzero error code. If status is FALSE, code is O or a
warning code.

source describes the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning.
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CD Root Locus Detalils

This VI does not support delays unless the delays are part of the
mathematical model that represents the dynamic system. To account for
the delays when calculating the dynamics of a system, you must
incorporate the delays into the mathematical model of the dynamic
system using the CD Convert Delay with Pade Approximation VI
(continuous models) or the CD Convert Delay to Poles at Origin VI
(discrete models). Refer to the LabVIEW Control Design User Manual for
more information about delays and the limitations of Pade Approximation.



lvctrldsgn.chm::/Convert_Delay_Pade_App.html
lvctrldsgn.chm::/Convert_Delay_Poles_Origin.html
javascript:AcrobatLink('../manuals/CD_User_Manual.pdf');

CD Stability VI

Owning Palette: Dynamic Characteristics VIs
Installed With: Control Design and Simulation Module

Determines if the input system is stable, unstable, or marginally stable.
The data type you wire to the State-Space Model input determines the
polymorphic instance to use.

Details
Use the pull-down menu to select an instance of this VI.

Select an instance ~

u Place on the block diagram i Find on the Functions palette
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CD Stability (State-Space)

State-Space Model =) Skahility
Tolerance ,9.,‘%’ L Poles
Error in (no error) === o= grror ouk
State-Space Model contains a mathematical representation of

and information about the system of which this VI determines
stability.

Tolerance specifies the tolerance this VI uses in determining if a
pole is on the imaginary axis in continuous systems or in the unit
circle in discrete systems. The default is 1E-8.

error in describes error conditions that occur before this VI or
function runs. The default is no error. If an error occurred before
this VI or function runs, the VI or function passes the error in value
to error out. This VI or function runs normally only if no error
occurred before this VI or function runs. If an error occurs while
this VI or function runs, it runs normally and sets its own error
status in error out. Use the Simple Error Handler or General Error
Handler VIs to display the description of the error code. Use
exception control to treat what is normally an error as no error or to
treat a warning as an error. Use error in and error out to check
errors and to specify execution order by wiring error out from one
node to error in of the next node.

status is TRUE (X) if an error occurred before this VI or
function ran or FALSE (checkmark) to indicate a warning or
that no error occurred before this VI or function ran. The
default is FALSE.

code is the error or warning code. The default is O. If status
is TRUE, code is a honzero error code. If status is FALSE,
code is 0 or a warning code.

source specifies the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning. The default is an empty string.

Stability returns the stability of the system.

‘O‘Stable—For continuous systems, the system is stable if all
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poles lie on the left half of the complex plane. For discrete
systems, the system is stable if all poles lie inside the unit
circle.

1 |Marginally stable—For continuous systems, the system is
marginally stable (or asymptotically stable) if any pole lies on
the imaginary axis. For discrete systems, the system is
marginally stable (or asymptotically stable) if any pole lies in the
unit circle.

2 |Unstable—For continuous systems, the system is unstable if
any pole lies on the right half of the complex plane or if the
multiplicity of any pole on the imaginary axis is greater than
one. For discrete systems, the system is unstable if any pole
lies outside the unit circle or if the multiplicity of any pole on the
unit circle is greater than one.

3|undetermined (default)—The VI cannot determine the stability
of the system because there is an error or the system is empty.

Poles returns the poles, which this VI uses to determine the type
of Stability, of the input system.

error out contains error information. If error in indicates that an
error occurred before this VI or function ran, error out contains the
same error information. Otherwise, it describes the error status
that this VI or function produces. Right-click the error out front
panel indicator and select Explain Error from the shortcut menu
for more information about the error.

status is TRUE (X) if an error occurred or FALSE
(checkmark) to indicate a warning or that no error occurred.

code is the error or warning code. If status is TRUE, code
Is a nonzero error code. If status is FALSE, code is O or a
warning code.

source describes the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning.
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CD Stability (Transfer Function)

Transfer Function Model =) Skahility
Tolerance ,9.,‘%’ L Poles
Error in (no error) === o= grror ouk
Transfer Function Model contains a mathematical representation

of and information about the system of which this VI determines
stability.

Tolerance specifies the tolerance this VI uses in determining if a
pole is on the imaginary axis in continuous systems or in the unit
circle in discrete systems. The default is 1E-8.

error in describes error conditions that occur before this VI or
function runs. The default is no error. If an error occurred before
this VI or function runs, the VI or function passes the error in value
to error out. This VI or function runs normally only if no error
occurred before this VI or function runs. If an error occurs while
this VI or function runs, it runs normally and sets its own error
status in error out. Use the Simple Error Handler or General Error
Handler VIs to display the description of the error code. Use
exception control to treat what is normally an error as no error or to
treat a warning as an error. Use error in and error out to check
errors and to specify execution order by wiring error out from one
node to error in of the next node.

status is TRUE (X) if an error occurred before this VI or
function ran or FALSE (checkmark) to indicate a warning or
that no error occurred before this VI or function ran. The
default is FALSE.

code is the error or warning code. The default is O. If status
is TRUE, code is a honzero error code. If status is FALSE,
code is 0 or a warning code.

source specifies the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning. The default is an empty string.

Stability returns the stability of the system.

‘O‘Stable—For continuous systems, the system is stable if all
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poles lie on the left half of the complex plane. For discrete
systems, the system is stable if all poles lie inside the unit
circle.

1 |Marginally stable—For continuous systems, the system is
marginally stable (or asymptotically stable) if any pole lies on
the imaginary axis. For discrete systems, the system is
marginally stable (or asymptotically stable) if any pole lies in the
unit circle.

2 |Unstable—For continuous systems, the system is unstable if
any pole lies on the right half of the complex plane or if the
multiplicity of any pole on the imaginary axis is greater than
one. For discrete systems, the system is unstable if any pole
lies outside the unit circle or if the multiplicity of any pole on the
unit circle is greater than one.

3|undetermined (default)—The VI cannot determine the stability
of the system because there is an error or the system is empty.

Poles returns the poles, which this VI uses to determine the type
of Stability, of the input system.

error out contains error information. If error in indicates that an
error occurred before this VI or function ran, error out contains the
same error information. Otherwise, it describes the error status
that this VI or function produces. Right-click the error out front
panel indicator and select Explain Error from the shortcut menu
for more information about the error.

status is TRUE (X) if an error occurred or FALSE
(checkmark) to indicate a warning or that no error occurred.

code is the error or warning code. If status is TRUE, code
Is a nonzero error code. If status is FALSE, code is O or a
warning code.

source describes the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning.
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CD Stability (Zero-Pole-Gain)

Zero-Pole-Gain Model =) Skahility
Tolerance ,9.,‘%’ L Poles
Error in (no error) === o= grror ouk
Zero-Pole-Gain Model contains a mathematical representation of

and information about the system of which this VI determines
stability.

Tolerance specifies the tolerance this VI uses in determining if a
pole is on the imaginary axis in continuous systems or in the unit
circle in discrete systems. The default is 1E-8.

error in describes error conditions that occur before this VI or
function runs. The default is no error. If an error occurred before
this VI or function runs, the VI or function passes the error in value
to error out. This VI or function runs normally only if no error
occurred before this VI or function runs. If an error occurs while
this VI or function runs, it runs normally and sets its own error
status in error out. Use the Simple Error Handler or General Error
Handler VIs to display the description of the error code. Use
exception control to treat what is normally an error as no error or to
treat a warning as an error. Use error in and error out to check
errors and to specify execution order by wiring error out from one
node to error in of the next node.

status is TRUE (X) if an error occurred before this VI or
function ran or FALSE (checkmark) to indicate a warning or
that no error occurred before this VI or function ran. The
default is FALSE.

code is the error or warning code. The default is O. If status
is TRUE, code is a honzero error code. If status is FALSE,
code is 0 or a warning code.

source specifies the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning. The default is an empty string.

Stability returns the stability of the system.

‘O‘Stable—For continuous systems, the system is stable if all
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poles lie on the left half of the complex plane. For discrete
systems, the system is stable if all poles lie inside the unit
circle.

1 |Marginally stable—For continuous systems, the system is
marginally stable (or asymptotically stable) if any pole lies on
the imaginary axis. For discrete systems, the system is
marginally stable (or asymptotically stable) if any pole lies in the
unit circle.

2 |Unstable—For continuous systems, the system is unstable if
any pole lies on the right half of the complex plane or if the
multiplicity of any pole on the imaginary axis is greater than
one. For discrete systems, the system is unstable if any pole
lies outside the unit circle or if the multiplicity of any pole on the
unit circle is greater than one.

3|undetermined (default)—The VI cannot determine the stability
of the system because there is an error or the system is empty.

Poles returns the poles, which this VI uses to determine the type
of Stability, of the input system.

error out contains error information. If error in indicates that an
error occurred before this VI or function ran, error out contains the
same error information. Otherwise, it describes the error status
that this VI or function produces. Right-click the error out front
panel indicator and select Explain Error from the shortcut menu
for more information about the error.

status is TRUE (X) if an error occurred or FALSE
(checkmark) to indicate a warning or that no error occurred.

code is the error or warning code. If status is TRUE, code
Is a nonzero error code. If status is FALSE, code is O or a
warning code.

source describes the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning.


lverror.chm::/Error_Code_Ranges.html

CD Stability Details

This VI does not support delays unless the delays are part of the
mathematical model that represents the dynamic system. To account for
the delays when calculating the dynamic characteristics of a system, you
must incorporate the delays into the mathematical model of the dynamic
system using the CD Convert Delay with Pade Approximation VI
(continuous models) or the CD Convert Delay to Poles at Origin VI
(discrete models). Refer to the LabVIEW Control Design User Manual for
more information about delays and the limitations of Pade Approximation.
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CD Total Delay VI

Owning Palette: Dynamic Characteristics VIs

Installed With: Control Design and Simulation Module

Adds all the delays between each input and output pair and returns the
total time delay. The total time delay includes the input, output, and
transport delays. The data type you wire to the State-Space Model input
determines the polymorphic instance to use.

Details
Use the pull-down menu to select an instance of this VI.

Select an instance ~

u Place on the block diagram i Find on the Functions palette
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CD Total Delay (State-Space)

State-Space Model -El_-;t Total Delay
Error in (no error) EE error ouk
State-Space Model contains a mathematical representation of

[toeud]

and information about the system for which this VI determines total
delay.

error in describes error conditions that occur before this VI or
function runs. The default is no error. If an error occurred before
this VI or function runs, the VI or function passes the error in value
to error out. This VI or function runs normally only if no error
occurred before this VI or function runs. If an error occurs while
this VI or function runs, it runs normally and sets its own error
status in error out. Use the Simple Error Handler or General Error
Handler VIs to display the description of the error code. Use
exception control to treat what is normally an error as no error or to
treat a warning as an error. Use error in and error out to check
errors and to specify execution order by wiring error out from one
node to error in of the next node.

status is TRUE (X) if an error occurred before this VI or
function ran or FALSE (checkmark) to indicate a warning or
that no error occurred before this VI or function ran. The
default is FALSE.

code is the error or warning code. The default is 0. If status
is TRUE, code is a honzero error code. If status is FALSE,
code is 0 or a warning code.

source specifies the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning. The default is an empty string.

Total Delay returns all the delays of the system. The jith element of
this array corresponds to the total time delay between the jt input
and the jth output of the system the model represents. For
continuous-time systems, the delay is in seconds. For discrete
time systems, the delay is an integer multiple of the sampling time.

error out contains error information. If error in indicates that an
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error occurred before this VI or function ran, error out contains the
same error information. Otherwise, it describes the error status
that this VI or function produces. Right-click the error out front
panel indicator and select Explain Error from the shortcut menu
for more information about the error.

status is TRUE (X) if an error occurred or FALSE
(checkmark) to indicate a warning or that no error occurred.

code is the error or warning code. If status is TRUE, code
Is a nonzero error code. If status is FALSE, code is 0 or a
warning code.

source describes the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning.
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CD Total Delay (Transfer Function)

Transfer Function Model -El_-;t Total Delay
Error in (no error) EE error ouk
Transfer Function Model contains a mathematical representation

[toeud]

of and information about the system for which this VI determines
total delay.

error in describes error conditions that occur before this VI or
function runs. The default is no error. If an error occurred before
this VI or function runs, the VI or function passes the error in value
to error out. This VI or function runs normally only if no error
occurred before this VI or function runs. If an error occurs while
this VI or function runs, it runs normally and sets its own error
status in error out. Use the Simple Error Handler or General Error
Handler VIs to display the description of the error code. Use
exception control to treat what is normally an error as no error or to
treat a warning as an error. Use error in and error out to check
errors and to specify execution order by wiring error out from one
node to error in of the next node.

status is TRUE (X) if an error occurred before this VI or
function ran or FALSE (checkmark) to indicate a warning or
that no error occurred before this VI or function ran. The
default is FALSE.

code is the error or warning code. The default is 0. If status
is TRUE, code is a honzero error code. If status is FALSE,
code is 0 or a warning code.

source specifies the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning. The default is an empty string.

Total Delay returns all the delays of the system. The jith element of
this array corresponds to the total time delay between the jt input
and the jth output of the system the model represents. For
continuous-time systems, the delay is in seconds. For discrete
time systems, the delay is an integer multiple of the sampling time.

error out contains error information. If error in indicates that an
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error occurred before this VI or function ran, error out contains the
same error information. Otherwise, it describes the error status
that this VI or function produces. Right-click the error out front
panel indicator and select Explain Error from the shortcut menu
for more information about the error.

status is TRUE (X) if an error occurred or FALSE
(checkmark) to indicate a warning or that no error occurred.

code is the error or warning code. If status is TRUE, code
Is a nonzero error code. If status is FALSE, code is 0 or a
warning code.

source describes the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning.
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CD Total Delay (Zero-Pole-Gain)

Zero-Pole-Gain Model -El_-;t Total Delay
Error in (no error) EE error ouk
Zero-Pole-Gain Model contains a mathematical representation of

[toeud]

and information about the system for which this VI determines total
delay.

error in describes error conditions that occur before this VI or
function runs. The default is no error. If an error occurred before
this VI or function runs, the VI or function passes the error in value
to error out. This VI or function runs normally only if no error
occurred before this VI or function runs. If an error occurs while
this VI or function runs, it runs normally and sets its own error
status in error out. Use the Simple Error Handler or General Error
Handler VIs to display the description of the error code. Use
exception control to treat what is normally an error as no error or to
treat a warning as an error. Use error in and error out to check
errors and to specify execution order by wiring error out from one
node to error in of the next node.

status is TRUE (X) if an error occurred before this VI or
function ran or FALSE (checkmark) to indicate a warning or
that no error occurred before this VI or function ran. The
default is FALSE.

code is the error or warning code. The default is 0. If status
is TRUE, code is a honzero error code. If status is FALSE,
code is 0 or a warning code.

source specifies the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning. The default is an empty string.

Total Delay returns all the delays of the system. The jith element of
this array corresponds to the total time delay between the jt input
and the jth output of the system the model represents. For
continuous-time systems, the delay is in seconds. For discrete
time systems, the delay is an integer multiple of the sampling time.

error out contains error information. If error in indicates that an
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error occurred before this VI or function ran, error out contains the
same error information. Otherwise, it describes the error status
that this VI or function produces. Right-click the error out front
panel indicator and select Explain Error from the shortcut menu
for more information about the error.

status is TRUE (X) if an error occurred or FALSE
(checkmark) to indicate a warning or that no error occurred.

code is the error or warning code. If status is TRUE, code
Is a nonzero error code. If status is FALSE, code is 0 or a
warning code.

source describes the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning.
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CD Total Delay Details

Refer to the LabVIEW Control Design User Manual for information about
delay in system models.
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CD Zeros VI

Owning Palette: Dynamic Characteristics VIs
Installed With: Control Design and Simulation Module

Returns the locations of the model zeros. The data type you wire to the
State-Space Model input determines the polymorphic instance to use.

Use the pull-down menu to select an instance of this VI.

Select an instance ~

u Place on the block diagram i Find on the Functions palette
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CD Zeros (State-Space)

State-Space Model =) Zeros
Error in (no error) 2 error ouk
State-Space Model contains a mathematical representation of

__'_'._'I
1|

and information about the system for which this VI returns the
zeros.

error in describes error conditions that occur before this VI or
function runs. The default is no error. If an error occurred before
this VI or function runs, the VI or function passes the error in value
to error out. This VI or function runs normally only if no error
occurred before this VI or function runs. If an error occurs while
this VI or function runs, it runs normally and sets its own error
status in error out. Use the Simple Error Handler or General Error
Handler VIs to display the description of the error code. Use
exception control to treat what is normally an error as no error or to
treat a warning as an error. Use error in and error out to check
errors and to specify execution order by wiring error out from one
node to error in of the next node.

status is TRUE (X) if an error occurred before this VI or
function ran or FALSE (checkmark) to indicate a warning or
that no error occurred before this VI or function ran. The
default is FALSE.

code is the error or warning code. The default is 0. If status
is TRUE, code is a honzero error code. If status is FALSE,
code is 0 or a warning code.

source specifies the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning. The default is an empty string.

Zeros returns the locations of the model zeros. For multiple-input
multiple-output (MIMO) system models, this VI converts transfer
function and zero-pole-gain models to state-space form. This VI
then calculates the transmission zeros of the state-space model.
These poles are not necessarily identical to the poles you can
obtain by using the Smith-McMillan form.
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error out contains error information. If error in indicates that an
error occurred before this VI or function ran, error out contains the
same error information. Otherwise, it describes the error status
that this VI or function produces. Right-click the error out front
panel indicator and select Explain Error from the shortcut menu
for more information about the error.

status is TRUE (X) if an error occurred or FALSE
(checkmark) to indicate a warning or that no error occurred.

code is the error or warning code. If status is TRUE, code
Is a nonzero error code. If status is FALSE, code is O or a
warning code.

source describes the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning.


lverror.chm::/Error_Code_Ranges.html

CD Zeros (Transfer Function)

Transfer Function Model T Zeros
Error in (no error) - error ouk
Transfer Function Model contains a mathematical representation

__'_'._'I
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of and information about the system for which this VI returns the
zeros.

error in describes error conditions that occur before this VI or
function runs. The default is no error. If an error occurred before
this VI or function runs, the VI or function passes the error in value
to error out. This VI or function runs normally only if no error
occurred before this VI or function runs. If an error occurs while
this VI or function runs, it runs normally and sets its own error
status in error out. Use the Simple Error Handler or General Error
Handler VIs to display the description of the error code. Use
exception control to treat what is normally an error as no error or to
treat a warning as an error. Use error in and error out to check
errors and to specify execution order by wiring error out from one
node to error in of the next node.

status is TRUE (X) if an error occurred before this VI or
function ran or FALSE (checkmark) to indicate a warning or
that no error occurred before this VI or function ran. The
default is FALSE.

code is the error or warning code. The default is 0. If status
is TRUE, code is a honzero error code. If status is FALSE,
code is 0 or a warning code.

source specifies the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning. The default is an empty string.

Zeros returns the locations of the model zeros. For multiple-input
multiple-output (MIMO) system models, this VI converts transfer
function and zero-pole-gain models to state-space form. This VI
then calculates the transmission zeros of the state-space model.
These poles are not necessarily identical to the poles you can
obtain by using the Smith-McMillan form.
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error out contains error information. If error in indicates that an
error occurred before this VI or function ran, error out contains the
same error information. Otherwise, it describes the error status
that this VI or function produces. Right-click the error out front
panel indicator and select Explain Error from the shortcut menu
for more information about the error.

status is TRUE (X) if an error occurred or FALSE
(checkmark) to indicate a warning or that no error occurred.

code is the error or warning code. If status is TRUE, code
Is a nonzero error code. If status is FALSE, code is O or a
warning code.

source describes the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning.
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CD Zeros (Zero-Pole-Gain)

Zero-Pole-Gain Model E=x) Zeros
Error in (no error) e error ouk
Zero-Pole-Gain Model contains a mathematical representation of

__'_'._'I
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and information about the system for which this VI returns the
zeros.

error in describes error conditions that occur before this VI or
function runs. The default is no error. If an error occurred before
this VI or function runs, the VI or function passes the error in value
to error out. This VI or function runs normally only if no error
occurred before this VI or function runs. If an error occurs while
this VI or function runs, it runs normally and sets its own error
status in error out. Use the Simple Error Handler or General Error
Handler VIs to display the description of the error code. Use
exception control to treat what is normally an error as no error or to
treat a warning as an error. Use error in and error out to check
errors and to specify execution order by wiring error out from one
node to error in of the next node.

status is TRUE (X) if an error occurred before this VI or
function ran or FALSE (checkmark) to indicate a warning or
that no error occurred before this VI or function ran. The
default is FALSE.

code is the error or warning code. The default is 0. If status
is TRUE, code is a honzero error code. If status is FALSE,
code is 0 or a warning code.

source specifies the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning. The default is an empty string.

Zeros returns the locations of the model zeros. For multiple-input
multiple-output (MIMO) system models, this VI converts transfer
function and zero-pole-gain models to state-space form. This VI
then calculates the transmission zeros of the state-space model.
These poles are not necessarily identical to the poles you can
obtain by using the Smith-McMillan form.
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error out contains error information. If error in indicates that an
error occurred before this VI or function ran, error out contains the
same error information. Otherwise, it describes the error status
that this VI or function produces. Right-click the error out front
panel indicator and select Explain Error from the shortcut menu
for more information about the error.

status is TRUE (X) if an error occurred or FALSE
(checkmark) to indicate a warning or that no error occurred.

code is the error or warning code. If status is TRUE, code
Is a nonzero error code. If status is FALSE, code is O or a
warning code.

source describes the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning.
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Freqguency Response Vis

Owning Palette: Control Design VIs and Functions

Installed With: Control Design and Simulation Module. This topic might
not match its corresponding palette in LabVIEW depending on your
operating system, licensed product(s), and target.

Use the Frequency Response VIs to analyze a system model in the
frequency domain.

The Vis on this palette can return general LabVIEW error codes or
specific control design error codes.

g?oljzt:: Description

CD All Calculates all the gain and phase margins, which result from

Margins |the frequency response crossing at 0 decibels (magnitude)
and —180 degrees (phase). You can use the CD All Margins
VI only with single-input single-output (SISO) systems. You
can use this polymorphic to calculate the gain and phase
margins of state-space models, transfer function models,
zero-pole-gain models, and stand-alone frequency response
data. The data types you wire to the State-Space Model and
Frequency Info inputs determine the polymorphic instance
to use.

CD Calculates the frequency, relative to the DC gain, at which

Bandwidth {the magnitude of the frequency response drops below
Magnitude Drop (dB). You can use the CD Bandwidth VI
only with single-input single-output (SISO) systems. The
data type you wire to the State-Space Model input
determines the polymorphic instance to use.

CD Bode |Produces the Bode magnitude and Bode phase plots of the
system model on an XY graph. The data types you wire to
the State-Space Model and Frequency Info inputs
determine the polymorphic instance to use.

CD Determines the magnitude and phase of the system at the

Evaluate |given frequency. The data type you wire to the State-Space

at Model input determines the polymorphic instance to use.

Freguency



lvctrldsgn.chm::/control_design_VIs.html
lverror.chm::/Misc_LV_Error_Codes.html
lvcdsimshrd.chm::/CDSim_Error_Codes.html#CDerrors
lvctrldsgn.chm::/All_Margins.html
lvctrldsgn.chm::/Bandwidth.html
lvctrldsgn.chm::/Bode.html
lvctrldsgn.chm::/Evaluate_at_Frequency.html

CD Gain |Calculates the gain and phase margins. If a system has

and multiple crossover frequencies, the CD Gain and Phase

Phase Margin VI returns the smallest gain and phase margins. You

Margin can use the CD Gain and Phase Margin VI only with single-
input single-output (SISO) systems. The data types you wire
to the State-Space Model and Frequency Info inputs
determine the polymorphic instance to use.

CD Get |Gives access to the frequency response information the

Freguency |Frequency Response VIs return. The data types you wire to

Response |the Input and Output inputs determine the polymorphic

Data instance to use. To get the frequency response data from all
input-output pairs, you must manually select the polymorphic
Instance to use.

CD Creates a Nichols plot of the input system for which this VI

Nichols  |plots the magnitude, in decibels, of the frequency response
against the phase. You can display this data in the CD
Nichols Plot indicator. The data types you wire to the State-
Space Model and Frequency Info inputs determine the
polymorphic instance to use.

CD Produces the Nyquist plot of the input system for which this

Nyquist  |VI plots the imaginary part of the frequency response against
its real part. You can display this data in the CD Nyquist Plot
indicator. The data types you wire to the State-Space Model
and Frequency Info inputs determine the polymorphic
instance to use.

CD Calculates the singular values of the frequency response of

Singular |the input model. The data types you wire to the State-Space

Values Model and Frequency Info inputs determine the

polymorphic instance to use.
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CD All Margins VI

Owning Palette: Frequency Response VIs
Installed With: Control Design and Simulation Module

Calculates all the gain and phase margins, which result from the
frequency response crossing at 0 decibels (magnitude) and —180
degrees (phase). You can use the CD All Margins VI only with single-
input single-output (SISO) systems. You can use this polymorphic to
calculate the gain and phase margins of state-space models, transfer
function models, zero-pole-gain models, and stand-alone frequency
response data. The data types you wire to the State-Space Model and
Frequency Info inputs determine the polymorphic instance to use.

This VI converts the state-space and zero-pole-gain models into transfer
function models before calculating their margins.

Details
Use the pull-down menu to select an instance of this VI.

Select an instance M

u Place on the block diagram i Find on the Functions palette
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CD All Margins (State-Space)

State-Space Model
Frequency Range =

Magnitude Scale = H
Error in (no error)

== zain Margins

% E=Phase Margins
tFrequency Response Data

errar auk

State-Space Model contains a mathematical representation of
and information about the system for which this VI determines gain
and phase margins.

Frequency Range contains the frequency information of the
model.

e

_

calculating the frequency response and producing the plots.
The default is 1.

Final frequency is the maximum frequency this VI uses in
calculating the frequency response and producing the plots.
The default is 1.

Minimum number of points is the minimum number of
points this VI uses in calculating the frequency response
and producing the plots. The default is 100 points.

Frequency Unit specifies the units of frequency, either in
Hertz or radians/seconds, to use in calculating the
frequency response and producing the plots.

O|Hz
1|rad/s (default)

Magnitude Scale specifies how to scale the magnitude of the
frequency response.

O|linear (default)—Does not convert the magnitude of the
frequency response to decibels.

1|db—Converts the magnitude of the frequency response to
decibels.

error in describes error conditions that occur before this VI or
function runs. The default is no error. If an error occurred before
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this VI or function runs, the VI or function passes the error in value
to error out. This VI or function runs normally only if no error
occurred before this VI or function runs. If an error occurs while
this VI or function runs, it runs normally and sets its own error
status in error out. Use the Simple Error Handler or General Error
Handler VIs to display the description of the error code. Use
exception control to treat what is normally an error as no error or to
treat a warning as an error. Use error in and error out to check
errors and to specify execution order by wiring error out from one
node to error in of the next node.

status is TRUE (X) if an error occurred before this VI or
function ran or FALSE (checkmark) to indicate a warning or
that no error occurred before this VI or function ran. The
default is FALSE.

code is the error or warning code. The default is O. If status
is TRUE, code is a honzero error code. If status is FALSE,
code is 0 or a warning code.

source specifies the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning. The default is an empty string.

Gain Margins returns information about the gain margins.

=] G.M. Frequency lists all the frequencies at which the
system phase crosses —180 degrees. The jth element of this
array corresponds to the jth gain margin value in the Gain
Margins array.

=] Gain Margins lists all the gain margins of the system.

Phase Margins returns information about the phase margins.

=] P,M. Frequency lists all the frequencies at which the system
magnitude crosses 0 decibels. The jth element of this array

corresponds to the jth phase margin value in the phase
Margins array.

=] Phase Margins lists all the phase margins of the system.

Frequency Response Data returns the data before this VI
parameterizes it. To access the frequency response data, use the
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CD Get Frequency Response Data VI.

=] Frequency is a 1D-array of frequency values (in
radians/seconds) at which this VI calculates the magnitude
and phase.

0] Magnitude is a 1D-array. For continuous-time systems H(s),
the jth element of the array is defined by the following
equation:

mag = il

For discrete-time systems, with sampling time T seconds,
the jth element of the array is defined by the following

equation:

mag = (e

®:1] phase is a 1D-array. For continuous-time systems, the
element is defined as:

phase = ZH| juy)
For discrete-time systems, with sampling time T seconds,
the i element is defined as:

phase = A"-."[ejnﬁ

error out contains error information. If error in indicates that an
error occurred before this VI or function ran, error out contains the
same error information. Otherwise, it describes the error status
that this VI or function produces. Right-click the error out front
panel indicator and select Explain Error from the shortcut menu
for more information about the error.

status is TRUE (X) if an error occurred or FALSE
(checkmark) to indicate a warning or that no error occurred.

code is the error or warning code. If status is TRUE, code
Is a nonzero error code. If status is FALSE, code is O or a
warning code.

source describes the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
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the error or warning.



CD All Margins (Transfer Function)

Transfer Function Model
Frequency Range =
Magnitude Scale 4 H

Error in (no error)

=0 zain Margins

% E=Phase Margins
tFrequency Response Data

errar auk

Transfer Function Model contains a mathematical representation
of and information about the system for which this VI determines
gain and phase margins.

Frequency Range contains the frequency information of the
model.

e

calculating the frequency response and producing the plots.
The default is 1.

224 Final frequency is the maximum frequency this VI uses in
calculating the frequency response and producing the plots.
The default is 1.

Minimum number of points is the minimum number of
points this VI uses in calculating the frequency response
and producing the plots. The default is 100 points.

Frequency Unit specifies the units of frequency, either in
Hertz or radians/seconds, to use in calculating the
frequency response and producing the plots.

O|Hz
1|rad/s (default)

Magnitude Scale specifies how to scale the magnitude of the
frequency response.

O|linear (default)—Does not convert the magnitude of the
frequency response to decibels.

1|db—Converts the magnitude of the frequency response to
decibels.

error in describes error conditions that occur before this VI or
function runs. The default is no error. If an error occurred before
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this VI or function runs, the VI or function passes the error in value
to error out. This VI or function runs normally only if no error
occurred before this VI or function runs. If an error occurs while
this VI or function runs, it runs normally and sets its own error
status in error out. Use the Simple Error Handler or General Error
Handler VIs to display the description of the error code. Use
exception control to treat what is normally an error as no error or to
treat a warning as an error. Use error in and error out to check
errors and to specify execution order by wiring error out from one
node to error in of the next node.

status is TRUE (X) if an error occurred before this VI or
function ran or FALSE (checkmark) to indicate a warning or
that no error occurred before this VI or function ran. The
default is FALSE.

code is the error or warning code. The default is O. If status
is TRUE, code is a honzero error code. If status is FALSE,
code is 0 or a warning code.

source specifies the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning. The default is an empty string.

Gain Margins returns information about the gain margins.

=] G.M. Frequency lists all the frequencies at which the
system phase crosses —180 degrees. The jth element of this
array corresponds to the jth gain margin value in the Gain
Margins array.

=] Gain Margins lists all the gain margins of the system.

Phase Margins returns information about the phase margins.

=] P,M. Frequency lists all the frequencies at which the system
magnitude crosses 0 decibels. The jth element of this array

corresponds to the jth phase margin value in the phase
Margins array.

=] Phase Margins lists all the phase margins of the system.

Frequency Response Data returns the data before this VI
parameterizes it. To access the frequency response data, use the
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CD Get Frequency Response Data VI.

=] Frequency is a 1D-array of frequency values (in
radians/seconds) at which this VI calculates the magnitude
and phase.

0] Magnitude is a 1D-array. For continuous-time systems H(s),
the jth element of the array is defined by the following
equation:

mag = il

For discrete-time systems, with sampling time T seconds,
the jth element of the array is defined by the following

equation:

mag = (e

®:1] phase is a 1D-array. For continuous-time systems, the
element is defined as:

phase = ZH| juy)
For discrete-time systems, with sampling time T seconds,
the i element is defined as:

phase = A"-."[ejnﬁ

error out contains error information. If error in indicates that an
error occurred before this VI or function ran, error out contains the
same error information. Otherwise, it describes the error status
that this VI or function produces. Right-click the error out front
panel indicator and select Explain Error from the shortcut menu
for more information about the error.

status is TRUE (X) if an error occurred or FALSE
(checkmark) to indicate a warning or that no error occurred.

code is the error or warning code. If status is TRUE, code
Is a nonzero error code. If status is FALSE, code is O or a
warning code.

source describes the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
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the error or warning.



CD All Margins (Zero-Pole-Gain)

Zero-Pole-Gain Model
Frequency Range =
Magnitude Scale | H

Error in (no error)

B zain Margins

% E=Phase Margins
tFrequency Response Data

errar auk

Zero-Pole-Gain Model contains a mathematical representation of
and information about the system for which this VI determines gain
and phase margins.

Frequency Range contains the frequency information of the
model.

e

calculating the frequency response and producing the plots.
The default is 1.

224 Final frequency is the maximum frequency this VI uses in
calculating the frequency response and producing the plots.
The default is 1.

Minimum number of points is the minimum number of
points this VI uses in calculating the frequency response
and producing the plots. The default is 100 points.

Frequency Unit specifies the units of frequency, either in
Hertz or radians/seconds, to use in calculating the
frequency response and producing the plots.

O|Hz
1|rad/s (default)

Magnitude Scale specifies how to scale the magnitude of the
frequency response.

O|linear (default)—Does not convert the magnitude of the
frequency response to decibels.

1|db—Converts the magnitude of the frequency response to
decibels.

error in describes error conditions that occur before this VI or
function runs. The default is no error. If an error occurred before
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this VI or function runs, the VI or function passes the error in value
to error out. This VI or function runs normally only if no error
occurred before this VI or function runs. If an error occurs while
this VI or function runs, it runs normally and sets its own error
status in error out. Use the Simple Error Handler or General Error
Handler VIs to display the description of the error code. Use
exception control to treat what is normally an error as no error or to
treat a warning as an error. Use error in and error out to check
errors and to specify execution order by wiring error out from one
node to error in of the next node.

status is TRUE (X) if an error occurred before this VI or
function ran or FALSE (checkmark) to indicate a warning or
that no error occurred before this VI or function ran. The
default is FALSE.

code is the error or warning code. The default is O. If status
is TRUE, code is a honzero error code. If status is FALSE,
code is 0 or a warning code.

source specifies the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning. The default is an empty string.

Gain Margins returns information about the gain margins.

=] G.M. Frequency lists all the frequencies at which the
system phase crosses —180 degrees. The jth element of this
array corresponds to the jth gain margin value in the Gain
Margins array.

=] Gain Margins lists all the gain margins of the system.

Phase Margins returns information about the phase margins.

=] P,M. Frequency lists all the frequencies at which the system
magnitude crosses 0 decibels. The jth element of this array

corresponds to the jth phase margin value in the phase
Margins array.

=] Phase Margins lists all the phase margins of the system.

Frequency Response Data returns the data before this VI
parameterizes it. To access the frequency response data, use the
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CD Get Frequency Response Data VI.

=] Frequency is a 1D-array of frequency values (in
radians/seconds) at which this VI calculates the magnitude
and phase.

0] Magnitude is a 1D-array. For continuous-time systems H(s),
the jth element of the array is defined by the following
equation:

mag = il

For discrete-time systems, with sampling time T seconds,
the jth element of the array is defined by the following

equation:

mag = (e

®:1] phase is a 1D-array. For continuous-time systems, the
element is defined as:

phase = ZH| juy)
For discrete-time systems, with sampling time T seconds,
the i element is defined as:

phase = A"-."[ejnﬁ

error out contains error information. If error in indicates that an
error occurred before this VI or function ran, error out contains the
same error information. Otherwise, it describes the error status
that this VI or function produces. Right-click the error out front
panel indicator and select Explain Error from the shortcut menu
for more information about the error.

status is TRUE (X) if an error occurred or FALSE
(checkmark) to indicate a warning or that no error occurred.

code is the error or warning code. If status is TRUE, code
Is a nonzero error code. If status is FALSE, code is O or a
warning code.

source describes the origin of the error or warning and is, in
most cases, the name of the VI or function that produced


lvctrldsgn.chm::/Get_Frequency_Response_Data.html
lverror.chm::/Error_Code_Ranges.html

the error or warning.



CD All Margins (Frequency Response Data)

=0 zain Margins

% E=Phase Margins
tFrequency Response Data

errar auk

Frequency Response
Frequency Vector =4
Magnitude Scale — H

Error in (no error)

Frequency Response specifies the frequency response for which
this VI calculates the margins.

frequency response. The Magnitude Scale parameter
defines the units of the Magnitude array.

frequency response.

Frequency Vector specifies information about the frequencies this
VI uses to excite the model.

5 Frequency specifies the frequencies this VI uses to excite
the model.

Frequency Unit specifies the unit of measurement of the
Frequency array.

0|Hz—Specifies that the frequency is measured in hertz.

1 |rad/s (default)—Specifies that the frequency is
measured in radians per second.

Magnitude Scale specifies how to scale the magnitude of the
frequency response.

O|linear (default)—Does not convert the magnitude of the
frequency response to decibels.

1|db—Converts the magnitude of the frequency response to
decibels.

error in describes error conditions that occur before this VI or
function runs. The default is no error. If an error occurred before
this VI or function runs, the VI or function passes the error in value
to error out. This VI or function runs normally only if no error
occurred before this VI or function runs. If an error occurs while



this VI or function runs, it runs normally and sets its own error
status in error out. Use the Simple Error Handler or General Error
Handler VIs to display the description of the error code. Use
exception control to treat what is normally an error as no error or to
treat a warning as an error. Use error in and error out to check
errors and to specify execution order by wiring error out from one
node to error in of the next node.

status is TRUE (X) if an error occurred before this VI or
function ran or FALSE (checkmark) to indicate a warning or
that no error occurred before this VI or function ran. The
default is FALSE.

code is the error or warning code. The default is O. If status
is TRUE, code is a honzero error code. If status is FALSE,
code is 0 or a warning code.

source specifies the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning. The default is an empty string.

Gain Margins returns information about the gain margins.

=] G.M. Frequency lists all the frequencies at which the
system phase crosses —180 degrees. The jth element of this
array corresponds to the jth gain margin value in the Gain
Margins array.

=] Gain Margins lists all the gain margins of the system.

Phase Margins returns information about the phase margins.

[2:0]  p.M. Frequency lists all the frequencies at which the system
magnitude crosses 0 decibels. The jth element of this array
corresponds to the jth phase margin value in the phase
Margins array.

=] Phase Margins lists all the phase margins of the system.
Frequency Response Data returns the data before this VI

parameterizes it. To access the frequency response data, use the
CD Get Frequency Response Data VI.

=] Frequency is a 1D-array of frequency values (in
radians/seconds) at which this VI calculates the magnitude
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and phase.

=] Magnitude is a 1D-array. For continuous-time systems H(s),
the jth element of the array is defined by the following
equation:

mag = il

For discrete-time systems, with sampling time T seconds,
the jth element of the array is defined by the following

equation:

mag = e’

Phase is a 1D-array. For continuous-time systems, the /"
element is defined as:

phase = ZH| juy)
For discrete-time systems, with sampling time T seconds,
the i element is defined as:

phase = A"-."[ejnﬁ

error out contains error information. If error in indicates that an
error occurred before this VI or function ran, error out contains the
same error information. Otherwise, it describes the error status
that this VI or function produces. Right-click the error out front
panel indicator and select Explain Error from the shortcut menu
for more information about the error.

status is TRUE (X) if an error occurred or FALSE
(checkmark) to indicate a warning or that no error occurred.

code is the error or warning code. If status is TRUE, code
is a nonzero error code. If status is FALSE, code is O or a
warning code.

source describes the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning.
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CD All Margins Details

This VI supports delays. Refer to the LabVIEW Control Design User
Manual for more information about delays.
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CD Bandwidth VI

Owning Palette: Frequency Response VIs
Installed With: Control Design and Simulation Module

Calculates the frequency, relative to the DC gain, at which the magnitude
of the frequency response drops below Magnitude Drop (dB). You can
use the CD Bandwidth VI only with single-input single-output (SISO)
systems. The data type you wire to the State-Space Model input
determines the polymorphic instance to use.

This VI converts state-space and zero-pole-gain models into transfer
function models before calculating the bandwidth.

Details
Use the pull-down menu to select an instance of this VI.

Select an instance -

u Place on the block diagram i Find on the Functions palette
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CD Bandwidth (State-Space)

State-Space Model Ewr
Magnitude Drop {dE) —'—I_ }: -------- i

Bandwidth

Frequency nit H s error ouk
Error in (no error)

State-Space Model contains a mathematical representation of
and information about the system for which this VI determines
bandwidth.

Magnitude Drop (dB) is the magnitude in decibels that defines the
level up to which this VI calculates the bandwidth frequency. The
default value is —3 dB.

Frequency Unit specifies the units of frequency, either in Hertz or
radians/seconds, to use in calculating the bandwidth.

O|Hz
1|rad/s (default)

error in describes error conditions that occur before this VI or
function runs. The default is no error. If an error occurred before
this VI or function runs, the VI or function passes the error in value
to error out. This VI or function runs normally only if no error
occurred before this VI or function runs. If an error occurs while
this VI or function runs, it runs normally and sets its own error
status in error out. Use the Simple Error Handler or General Error
Handler VIs to display the description of the error code. Use
exception control to treat what is normally an error as no error or to
treat a warning as an error. Use error in and error out to check
errors and to specify execution order by wiring error out from one
node to error in of the next node.

status is TRUE (X) if an error occurred before this VI or
function ran or FALSE (checkmark) to indicate a warning or
that no error occurred before this VI or function ran. The
default is FALSE.

code is the error or warning code. The default is O. If status
is TRUE, code is a honzero error code. If status is FALSE,
code is 0 or a warning code.
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source specifies the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning. The default is an empty string.

i Bandwidth is the frequency, relative to the DC gain, at which the
magnitude of the frequency response of the system falls below
Magnitude Drop.

error out contains error information. If error in indicates that an
error occurred before this VI or function ran, error out contains the
same error information. Otherwise, it describes the error status
that this VI or function produces. Right-click the error out front
panel indicator and select Explain Error from the shortcut menu
for more information about the error.

status is TRUE (X) if an error occurred or FALSE
(checkmark) to indicate a warning or that no error occurred.

code is the error or warning code. If status is TRUE, code
is a nonzero error code. If status is FALSE, code is O or a
warning code.

source describes the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning.
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CD Bandwidth (Transfer Function)
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Transfer Function Model contains a mathematical representation
of and information about the system for which this VI determines
bandwidth.

Magnitude Drop (dB) is the magnitude in decibels that defines the
level up to which this VI calculates the bandwidth frequency. The
default value is —3 dB.

Frequency Unit specifies the units of frequency, either in Hertz or
radians/seconds, to use in calculating the bandwidth.

O|Hz
1|rad/s (default)

error in describes error conditions that occur before this VI or
function runs. The default is no error. If an error occurred before
this VI or function runs, the VI or function passes the error in value
to error out. This VI or function runs normally only if no error
occurred before this VI or function runs. If an error occurs while
this VI or function runs, it runs normally and sets its own error
status in error out. Use the Simple Error Handler or General Error
Handler VIs to display the description of the error code. Use
exception control to treat what is normally an error as no error or to
treat a warning as an error. Use error in and error out to check
errors and to specify execution order by wiring error out from one
node to error in of the next node.

status is TRUE (X) if an error occurred before this VI or
function ran or FALSE (checkmark) to indicate a warning or
that no error occurred before this VI or function ran. The
default is FALSE.

code is the error or warning code. The default is O. If status
is TRUE, code is a honzero error code. If status is FALSE,
code is 0 or a warning code.



lvcdsimshrd.chm::/model_definitions.html
lvctrldsgn.chm::/model_info_vis.html
glang.chm::/Simple_Error_Handler.html
glang.chm::/General_Error_Handler.html
lvhowto.chm::/Controlling_Error_Notifica.html
lverror.chm::/Error_Code_Ranges.html

source specifies the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning. The default is an empty string.

i Bandwidth is the frequency, relative to the DC gain, at which the
magnitude of the frequency response of the system falls below
Magnitude Drop.

error out contains error information. If error in indicates that an
error occurred before this VI or function ran, error out contains the
same error information. Otherwise, it describes the error status
that this VI or function produces. Right-click the error out front
panel indicator and select Explain Error from the shortcut menu
for more information about the error.

status is TRUE (X) if an error occurred or FALSE
(checkmark) to indicate a warning or that no error occurred.

code is the error or warning code. If status is TRUE, code
is a nonzero error code. If status is FALSE, code is O or a
warning code.

source describes the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning.
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CD Bandwidth (Zero-Pole-Gain)
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Zero-Pole-Gain Model contains a mathematical representation of
and information about the system for which this VI determines
bandwidth.

Magnitude Drop (dB) is the magnitude in decibels that defines the
level up to which this VI calculates the bandwidth frequency. The
default value is —3 dB.

Frequency Unit specifies the units of frequency, either in Hertz or
radians/seconds, to use in calculating the bandwidth.

O|Hz
1|rad/s (default)

error in describes error conditions that occur before this VI or
function runs. The default is no error. If an error occurred before
this VI or function runs, the VI or function passes the error in value
to error out. This VI or function runs normally only if no error
occurred before this VI or function runs. If an error occurs while
this VI or function runs, it runs normally and sets its own error
status in error out. Use the Simple Error Handler or General Error
Handler VIs to display the description of the error code. Use
exception control to treat what is normally an error as no error or to
treat a warning as an error. Use error in and error out to check
errors and to specify execution order by wiring error out from one
node to error in of the next node.

status is TRUE (X) if an error occurred before this VI or
function ran or FALSE (checkmark) to indicate a warning or
that no error occurred before this VI or function ran. The
default is FALSE.

code is the error or warning code. The default is O. If status
is TRUE, code is a honzero error code. If status is FALSE,
code is 0 or a warning code.
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source specifies the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning. The default is an empty string.

i Bandwidth is the frequency, relative to the DC gain, at which the
magnitude of the frequency response of the system falls below
Magnitude Drop.

error out contains error information. If error in indicates that an
error occurred before this VI or function ran, error out contains the
same error information. Otherwise, it describes the error status
that this VI or function produces. Right-click the error out front
panel indicator and select Explain Error from the shortcut menu
for more information about the error.

status is TRUE (X) if an error occurred or FALSE
(checkmark) to indicate a warning or that no error occurred.

code is the error or warning code. If status is TRUE, code
is a nonzero error code. If status is FALSE, code is O or a
warning code.

source describes the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning.
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CD Bandwidth Details

This VI supports delays. Refer to the LabVIEW Control Design User
Manual for more information about delays.
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CD Bode VI

Owning Palette: Frequency Response VIs
Installed With: Control Design and Simulation Module

Produces the Bode magnitude and Bode phase plots of the system
model on an XY graph. The data types you wire to the State-Space
Model and Frequency Info inputs determine the polymorphic instance to
use.

This VI converts state-space and zero-pole-gain models to transfer
function models before calculating the frequency response.

Details
Use the pull-down menu to select an instance of this VI.

Select an instance -

u Place on the block diagram i Find on the Functions palette
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CD Bode (Frequency Range, State-Space)
W el fle

State-Space Model S Bode Magnitude
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Phase Graph Reference is a reference to the Bode Phase plot
on an XY graph. Phase Graph Reference automatically
configures the x-scale, y-scale, and legend properties. If you want
to use the default settings or customize the settings for these
properties, do not wire a value to this input.

Magnitude Graph Reference is a reference to the Bode
Magnitude plot on an XY graph. Magnitude Graph Reference
automatically configures the x-scale, y-scale, and legend
properties. If you want to use the default settings or customize the
settings for these properties, do not wire a value to this input.

State-Space Model contains a mathematical representation of
and information about the system of which this VI produces Bode
plots.

Frequency Range contains the frequency information of the
model.

[ Initial frequency is the minimum frequency this VI uses in
calculating the frequency response and producing the plots.
The default is 1.

[ Final frequency is the maximum frequency this VI uses in
calculating the frequency response and producing the plots.
The default is 1.

Minimum number of points is the minimum number of
points this VI uses in calculating the frequency response
and producing the plots. The default is 100 points.

Frequency Unit specifies the units of frequency, either in
Hertz or radians/seconds, to use in calculating the
frequency response and producing the plots.

O|Hz



lvcdsimshrd.chm::/model_definitions.html
lvctrldsgn.chm::/model_info_vis.html

‘ 1 ‘ rad/s (default) ‘

Magnitude Scale specifies how to scale the magnitude of the
frequency response.

O|linear—Does not convert the magnitude of the frequency
response to decibels.

1|db (default)—Converts the magnitude of the frequency
response to decibels.

error in describes error conditions that occur before this VI or
function runs. The default is no error. If an error occurred before
this VI or function runs, the VI or function passes the error in value
to error out. This VI or function runs normally only if no error
occurred before this VI or function runs. If an error occurs while
this VI or function runs, it runs normally and sets its own error
status in error out. Use the Simple Error Handler or General Error
Handler VIs to display the description of the error code. Use
exception control to treat what is normally an error as no error or to
treat a warning as an error. Use error in and error out to check
errors and to specify execution order by wiring error out from one
node to error in of the next node.

status is TRUE (X) if an error occurred before this VI or
function ran or FALSE (checkmark) to indicate a warning or
that no error occurred before this VI or function ran. The
default is FALSE.

code is the error or warning code. The default is O. If status
is TRUE, code is a honzero error code. If status is FALSE,
code is 0 or a warning code.

source specifies the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning. The default is an empty string.

Plots Index specifies which input and which output to plot. If you
do not specify the input #, this VI plots all the inputs.

input # is the index number of the specific input to the
system. This VI displays the response to this input on the
Bode Magnitude and Bode Phase plots on XY graphs. The
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index is zero-based.

output # is the index number of the specific output of the
system that this VI displays in the Bode Magnitude and
Bode Phase plots on XY graphs. The index is zero-based.

Bode Magnitude is a plot on an XY graph that plots the linear or

decibel magnitude of the given model against a set of frequencies.
The Plots Index array determines the plots on this XY graph.

Bode Phase is a plot on an XY graph that plots the phase (in
degrees) of the model against a set of frequency values. The Plots
Index array determines the plots on this XY graph.

Bode Data returns information about the Bode plot. To access the

Bode Data, use the CD Get Freqguency Response Data VI.

=] Frequency is a 1D-array of frequency values at which this
VI calculates the magnitude and phase.

=01 Magnitude is a 3D-array. The jt column in the pth page of
the array is the magnitude of the transfer function between
the jth output and the pth input. For example, the first two
columns of the 0th page will be magnitudes of transfer
functions between outputs y, and y; and the first input u,.

0] phase is a 3D-array. The jth column in the pth page of the
array is the phase of the transfer function between the jth
output and the pth input. For example, the first two columns
of the 0th page will be the phase of transfer functions
between outputs y, and y; and the first input u,,.

error out contains error information. If error in indicates that an
error occurred before this VI or function ran, error out contains the
same error information. Otherwise, it describes the error status
that this VI or function produces. Right-click the error out front
panel indicator and select Explain Error from the shortcut menu
for more information about the error.

status is TRUE (X) if an error occurred or FALSE
(checkmark) to indicate a warning or that no error occurred.

code is the error or warning code. If status is TRUE, code
is a nonzero error code. If status is FALSE, code is O or a
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warning code.

source describes the origin of the error or warning and is, in

most cases, the name of the VI or function that produced
the error or warning.

Frequency Info Out returns the frequency information of the
model.
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Phase Graph Reference is a reference to the Bode Phase plot
on an XY graph. Phase Graph Reference automatically
configures the x-scale, y-scale, and legend properties. If you want
to use the default settings or customize the settings for these
properties, do not wire a value to this input.

Magnitude Graph Reference is a reference to the Bode
Magnitude plot on an XY graph. Magnitude Graph Reference
automatically configures the x-scale, y-scale, and legend
properties. If you want to use the default settings or customize the
settings for these properties, do not wire a value to this input.

Transfer Function Model contains a mathematical representation
of and information about the system of which this VI produces
Bode plots.

Frequency Range contains the frequency information of the
model.

[ Initial frequency is the minimum frequency this VI uses in
calculating the frequency response and producing the plots.
The default is 1.

[ Final frequency is the maximum frequency this VI uses in
calculating the frequency response and producing the plots.
The default is 1.

Minimum number of points is the minimum number of
points this VI uses in calculating the frequency response
and producing the plots. The default is 100 points.

Frequency Unit specifies the units of frequency, either in
Hertz or radians/seconds, to use in calculating the
frequency response and producing the plots.

O|Hz
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‘ 1 ‘ rad/s (default) ‘

Magnitude Scale specifies how to scale the magnitude of the
frequency response.

O|linear—Does not convert the magnitude of the frequency
response to decibels.

1|db (default)—Converts the magnitude of the frequency
response to decibels.

error in describes error conditions that occur before this VI or
function runs. The default is no error. If an error occurred before
this VI or function runs, the VI or function passes the error in value
to error out. This VI or function runs normally only if no error
occurred before this VI or function runs. If an error occurs while
this VI or function runs, it runs normally and sets its own error
status in error out. Use the Simple Error Handler or General Error
Handler VIs to display the description of the error code. Use
exception control to treat what is normally an error as no error or to
treat a warning as an error. Use error in and error out to check
errors and to specify execution order by wiring error out from one
node to error in of the next node.

status is TRUE (X) if an error occurred before this VI or
function ran or FALSE (checkmark) to indicate a warning or
that no error occurred before this VI or function ran. The
default is FALSE.

code is the error or warning code. The default is O. If status
is TRUE, code is a honzero error code. If status is FALSE,
code is 0 or a warning code.

source specifies the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning. The default is an empty string.

Plots Index specifies which input and which output to plot. If you
do not specify the input #, this VI plots all the inputs.

input # is the index number of the specific input to the
system. This VI displays the response to this input on the
Bode Magnitude and Bode Phase plots on XY graphs. The
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index is zero-based.

output # is the index number of the specific output of the
system that this VI displays in the Bode Magnitude and
Bode Phase plots on XY graphs. The index is zero-based.

Bode Magnitude is a plot on an XY graph that plots the linear or

decibel magnitude of the given model against a set of frequencies.
The Plots Index array determines the plots on this XY graph.

Bode Phase is a plot on an XY graph that plots the phase (in
degrees) of the model against a set of frequency values. The Plots
Index array determines the plots on this XY graph.

Bode Data returns information about the Bode plot. To access the

Bode Data, use the CD Get Freqguency Response Data VI.

=] Frequency is a 1D-array of frequency values at which this
VI calculates the magnitude and phase.

=01 Magnitude is a 3D-array. The jt column in the pth page of
the array is the magnitude of the transfer function between
the jth output and the pth input. For example, the first two
columns of the 0th page will be magnitudes of transfer
functions between outputs y, and y; and the first input u,.

0] phase is a 3D-array. The jth column in the pth page of the
array is the phase of the transfer function between the jth
output and the pth input. For example, the first two columns
of the 0th page will be the phase of transfer functions
between outputs y, and y; and the first input u,,.

error out contains error information. If error in indicates that an
error occurred before this VI or function ran, error out contains the
same error information. Otherwise, it describes the error status
that this VI or function produces. Right-click the error out front
panel indicator and select Explain Error from the shortcut menu
for more information about the error.

status is TRUE (X) if an error occurred or FALSE
(checkmark) to indicate a warning or that no error occurred.

code is the error or warning code. If status is TRUE, code
is a nonzero error code. If status is FALSE, code is O or a
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warning code.

source describes the origin of the error or warning and is, in

most cases, the name of the VI or function that produced
the error or warning.

Frequency Info Out returns the frequency information of the
model.
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Phase Graph Reference is a reference to the Bode Phase plot
on an XY graph. Phase Graph Reference automatically
configures the x-scale, y-scale, and legend properties. If you want
to use the default settings or customize the settings for these
properties, do not wire a value to this input.

Magnitude Graph Reference is a reference to the Bode
Magnitude plot on an XY graph. Magnitude Graph Reference
automatically configures the x-scale, y-scale, and legend
properties. If you want to use the default settings or customize the
settings for these properties, do not wire a value to this input.

Zero-Pole-Gain Model contains a mathematical representation of
and information about the system of which this VI produces Bode
plots.

Frequency Range contains the frequency information of the
model.

[ Initial frequency is the minimum frequency this VI uses in
calculating the frequency response and producing the plots.
The default is 1.

[ Final frequency is the maximum frequency this VI uses in
calculating the frequency response and producing the plots.
The default is 1.

Minimum number of points is the minimum number of
points this VI uses in calculating the frequency response
and producing the plots. The default is 100 points.

Frequency Unit specifies the units of frequency, either in
Hertz or radians/seconds, to use in calculating the
frequency response and producing the plots.

O|Hz
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‘ 1 ‘ rad/s (default) ‘

Magnitude Scale specifies how to scale the magnitude of the
frequency response.

O|linear—Does not convert the magnitude of the frequency
response to decibels.

1|db (default)—Converts the magnitude of the frequency
response to decibels.

error in describes error conditions that occur before this VI or
function runs. The default is no error. If an error occurred before
this VI or function runs, the VI or function passes the error in value
to error out. This VI or function runs normally only if no error
occurred before this VI or function runs. If an error occurs while
this VI or function runs, it runs normally and sets its own error
status in error out. Use the Simple Error Handler or General Error
Handler VIs to display the description of the error code. Use
exception control to treat what is normally an error as no error or to
treat a warning as an error. Use error in and error out to check
errors and to specify execution order by wiring error out from one
node to error in of the next node.

status is TRUE (X) if an error occurred before this VI or
function ran or FALSE (checkmark) to indicate a warning or
that no error occurred before this VI or function ran. The
default is FALSE.

code is the error or warning code. The default is O. If status
is TRUE, code is a honzero error code. If status is FALSE,
code is 0 or a warning code.

source specifies the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning. The default is an empty string.

Plots Index specifies which input and which output to plot. If you
do not specify the input #, this VI plots all the inputs.

input # is the index number of the specific input to the
system. This VI displays the response to this input on the
Bode Magnitude and Bode Phase plots on XY graphs. The
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index is zero-based.

output # is the index number of the specific output of the
system that this VI displays in the Bode Magnitude and
Bode Phase plots on XY graphs. The index is zero-based.

Bode Magnitude is a plot on an XY graph that plots the linear or

decibel magnitude of the given model against a set of frequencies.
The Plots Index array determines the plots on this XY graph.

Bode Phase is a plot on an XY graph that plots the phase (in
degrees) of the model against a set of frequency values. The Plots
Index array determines the plots on this XY graph.

Bode Data returns information about the Bode plot. To access the

Bode Data, use the CD Get Freqguency Response Data VI.

=] Frequency is a 1D-array of frequency values at which this
VI calculates the magnitude and phase.

=01 Magnitude is a 3D-array. The jt column in the pth page of
the array is the magnitude of the transfer function between
the jth output and the pth input. For example, the first two
columns of the 0th page will be magnitudes of transfer
functions between outputs y, and y; and the first input u,.

0] phase is a 3D-array. The jth column in the pth page of the
array is the phase of the transfer function between the jth
output and the pth input. For example, the first two columns
of the 0th page will be the phase of transfer functions
between outputs y, and y; and the first input u,,.

error out contains error information. If error in indicates that an
error occurred before this VI or function ran, error out contains the
same error information. Otherwise, it describes the error status
that this VI or function produces. Right-click the error out front
panel indicator and select Explain Error from the shortcut menu
for more information about the error.

status is TRUE (X) if an error occurred or FALSE
(checkmark) to indicate a warning or that no error occurred.

code is the error or warning code. If status is TRUE, code
is a nonzero error code. If status is FALSE, code is O or a
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warning code.

source describes the origin of the error or warning and is, in

most cases, the name of the VI or function that produced
the error or warning.

Frequency Info Out returns the frequency information of the
model.
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Phase Graph Reference is a reference to the Bode Phase plot
on an XY graph. Phase Graph Reference automatically
configures the x-scale, y-scale, and legend properties. If you want
to use the default settings or customize the settings for these
properties, do not wire a value to this input.

Magnitude Graph Reference is a reference to the Bode
Magnitude plot on an XY graph. Magnitude Graph Reference
automatically configures the x-scale, y-scale, and legend
properties. If you want to use the default settings or customize the
settings for these properties, do not wire a value to this input.

State-Space Model contains a mathematical representation of
and information about the system of which this VI produces Bode
plots.

Frequency Vector specifies information about the frequencies this
VI uses to excite the model.

[ Frequency specifies the frequencies this VI uses to excite
the model.

Frequency Unit specifies the unit of measurement of the
Frequency array.

0|Hz—Specifies that the frequency is measured in hertz.

1 |rad/s (default)—Specifies that the frequency is
measured in radians per second.

Magnitude Scale specifies how to scale the magnitude of the
frequency response.

O|linear—Does not convert the magnitude of the frequency
response to decibels.
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1|db (default)—Converts the magnitude of the frequency

response to decibels.

error in describes error conditions that occur before this VI or
function runs. The default is no error. If an error occurred before
this VI or function runs, the VI or function passes the error in value
to error out. This VI or function runs normally only if no error
occurred before this VI or function runs. If an error occurs while
this VI or function runs, it runs normally and sets its own error
status in error out. Use the Simple Error Handler or General Error
Handler VIs to display the description of the error code. Use
exception control to treat what is normally an error as no error or to
treat a warning as an error. Use error in and error out to check
errors and to specify execution order by wiring error out from one
node to error in of the next node.

status is TRUE (X) if an error occurred before this VI or
function ran or FALSE (checkmark) to indicate a warning or
that no error occurred before this VI or function ran. The
default is FALSE.

code is the error or warning code. The default is 0. If status
is TRUE, code is a honzero error code. If status is FALSE,
code is 0 or a warning code.

source specifies the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning. The default is an empty string.

Plots Index specifies which input and which output to plot. If you
do not specify the input #, this VI plots all the inputs.

input # is the index number of the specific input to the
system. This VI displays the response to this input on the
Bode Magnitude and Bode Phase plots on XY graphs. The
index is zero-based.

output # is the index number of the specific output of the
system that this VI displays in the Bode Magnitude and
Bode Phase plots on XY graphs. The index is zero-based.

Bode Magnitude is a plot on an XY graph that plots the linear or
decibel magnitude of the given model against a set of frequencies.
The Plots Index array determines the plots on this XY graph.
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Bode Phase is a plot on an XY graph that plots the phase (in
degrees) of the model against a set of frequency values. The Plots
Index array determines the plots on this XY graph.

Bode Data returns information about the Bode plot. To access the
Bode Data, use the CD Get Freqguency Response Data VI.
=] Frequency is a 1D-array of frequency values at which this
VI calculates the magnitude and phase.

[ |

ol Magnitude is a 3D-array. The jth column in the nth page of
the array is the magnitude of the transfer function between
the jth output and the pth input. For example, the first two
columns of the 0th page will be magnitudes of transfer
functions between outputs y, and y; and the first input u,.

[ |

5l phase is a 3D-array. The jth column in the pth page of the
array is the phase of the transfer function between the jth
output and the pth input. For example, the first two columns
of the 0th page will be the phase of transfer functions
between outputs y, and y; and the first input u,,.

error out contains error information. If error in indicates that an
error occurred before this VI or function ran, error out contains the
same error information. Otherwise, it describes the error status
that this VI or function produces. Right-click the error out front
panel indicator and select Explain Error from the shortcut menu
for more information about the error.

status is TRUE (X) if an error occurred or FALSE
(checkmark) to indicate a warning or that no error occurred.

code is the error or warning code. If status is TRUE, code
is a nonzero error code. If status is FALSE, code is O or a
warning code.

source describes the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning.

Frequency Info Out returns the frequency information of the
model.
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CD Bode (Frequency Vector, Transfer Function)

Phase Graph Reference
Magnitude Graph Reference —|
Transfer Function Model Bode Magnitude
Frequency Wector '=" —“— & Bode Phase
Magnitude Su:ale mj gl tﬁude Diaka
Error in (no error) error ouk
Plots Index Frequency Info Out
Phase Graph Reference is a reference to the Bode Phase plot

on an XY graph. Phase Graph Reference automatically
configures the x-scale, y-scale, and legend properties. If you want
to use the default settings or customize the settings for these
properties, do not wire a value to this input.

Magnitude Graph Reference is a reference to the Bode
Magnitude plot on an XY graph. Magnitude Graph Reference
automatically configures the x-scale, y-scale, and legend
properties. If you want to use the default settings or customize the
settings for these properties, do not wire a value to this input.

Transfer Function Model contains a mathematical representation
of and information about the system of which this VI produces
Bode plots.

Frequency Vector specifies information about the frequencies this
VI uses to excite the model.

e

the model.

Frequency Unit specifies the unit of measurement of the
Frequency array.

0|Hz—Specifies that the frequency is measured in hertz.

1 |rad/s (default)—Specifies that the frequency is
measured in radians per second.

Magnitude Scale specifies how to scale the magnitude of the

frequency response.

O|linear—Does not convert the magnitude of the frequency
response to decibels.
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1|db (default)—Converts the magnitude of the frequency

response to decibels.

error in describes error conditions that occur before this VI or
function runs. The default is no error. If an error occurred before
this VI or function runs, the VI or function passes the error in value
to error out. This VI or function runs normally only if no error
occurred before this VI or function runs. If an error occurs while
this VI or function runs, it runs normally and sets its own error
status in error out. Use the Simple Error Handler or General Error
Handler VIs to display the description of the error code. Use
exception control to treat what is normally an error as no error or to
treat a warning as an error. Use error in and error out to check
errors and to specify execution order by wiring error out from one
node to error in of the next node.

status is TRUE (X) if an error occurred before this VI or
function ran or FALSE (checkmark) to indicate a warning or
that no error occurred before this VI or function ran. The
default is FALSE.

code is the error or warning code. The default is 0. If status
is TRUE, code is a honzero error code. If status is FALSE,
code is 0 or a warning code.

source specifies the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning. The default is an empty string.

Plots Index specifies which input and which output to plot. If you
do not specify the input #, this VI plots all the inputs.

input # is the index number of the specific input to the
system. This VI displays the response to this input on the
Bode Magnitude and Bode Phase plots on XY graphs. The
index is zero-based.

output # is the index number of the specific output of the
system that this VI displays in the Bode Magnitude and
Bode Phase plots on XY graphs. The index is zero-based.

Bode Magnitude is a plot on an XY graph that plots the linear or
decibel magnitude of the given model against a set of frequencies.
The Plots Index array determines the plots on this XY graph.
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Bode Phase is a plot on an XY graph that plots the phase (in
degrees) of the model against a set of frequency values. The Plots
Index array determines the plots on this XY graph.

Bode Data returns information about the Bode plot. To access the
Bode Data, use the CD Get Freqguency Response Data VI.
=] Frequency is a 1D-array of frequency values at which this
VI calculates the magnitude and phase.

[ |

ol Magnitude is a 3D-array. The jth column in the nth page of
the array is the magnitude of the transfer function between
the jth output and the pth input. For example, the first two
columns of the 0th page will be magnitudes of transfer
functions between outputs y, and y; and the first input u,.

[ |

5l phase is a 3D-array. The jth column in the pth page of the
array is the phase of the transfer function between the jth
output and the pth input. For example, the first two columns
of the 0th page will be the phase of transfer functions
between outputs y, and y; and the first input u,,.

error out contains error information. If error in indicates that an
error occurred before this VI or function ran, error out contains the
same error information. Otherwise, it describes the error status
that this VI or function produces. Right-click the error out front
panel indicator and select Explain Error from the shortcut menu
for more information about the error.

status is TRUE (X) if an error occurred or FALSE
(checkmark) to indicate a warning or that no error occurred.

code is the error or warning code. If status is TRUE, code
is a nonzero error code. If status is FALSE, code is O or a
warning code.

source describes the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning.

Frequency Info Out returns the frequency information of the
model.


lvctrldsgn.chm::/Get_Frequency_Response_Data.html
lverror.chm::/Error_Code_Ranges.html

CD Bode (Frequency Vector, Zero-Pole-Gain)

Phase Graph Reference
Magnitude Graph Reference —|
Zero-Pole-Gain Model Bode Magnitude
Frequency Wector '=" —“— E1Bode Phase
Magnitude Su:ale mj = tﬁude Draka
Error in (no error) error ouk
Plots Inde:x Frequency Info Qo
Phase Graph Reference is a reference to the Bode Phase plot

on an XY graph. Phase Graph Reference automatically
configures the x-scale, y-scale, and legend properties. If you want
to use the default settings or customize the settings for these
properties, do not wire a value to this input.

Magnitude Graph Reference is a reference to the Bode
Magnitude plot on an XY graph. Magnitude Graph Reference
automatically configures the x-scale, y-scale, and legend
properties. If you want to use the default settings or customize the
settings for these properties, do not wire a value to this input.

Zero-Pole-Gain Model contains a mathematical representation of
and information about the system of which this VI produces Bode
plots.

Frequency Vector specifies information about the frequencies this
VI uses to excite the model.

e

the model.

Frequency Unit specifies the unit of measurement of the
Frequency array.

0|Hz—Specifies that the frequency is measured in hertz.

1 |rad/s (default)—Specifies that the frequency is
measured in radians per second.

Magnitude Scale specifies how to scale the magnitude of the
frequency response.

O|linear—Does not convert the magnitude of the frequency
response to decibels.
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1|db (default)—Converts the magnitude of the frequency

response to decibels.

error in describes error conditions that occur before this VI or
function runs. The default is no error. If an error occurred before
this VI or function runs, the VI or function passes the error in value
to error out. This VI or function runs normally only if no error
occurred before this VI or function runs. If an error occurs while
this VI or function runs, it runs normally and sets its own error
status in error out. Use the Simple Error Handler or General Error
Handler VIs to display the description of the error code. Use
exception control to treat what is normally an error as no error or to
treat a warning as an error. Use error in and error out to check
errors and to specify execution order by wiring error out from one
node to error in of the next node.

status is TRUE (X) if an error occurred before this VI or
function ran or FALSE (checkmark) to indicate a warning or
that no error occurred before this VI or function ran. The
default is FALSE.

code is the error or warning code. The default is 0. If status
is TRUE, code is a honzero error code. If status is FALSE,
code is 0 or a warning code.

source specifies the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning. The default is an empty string.

Plots Index specifies which input and which output to plot. If you
do not specify the input #, this VI plots all the inputs.

input # is the index number of the specific input to the
system. This VI displays the response to this input on the
Bode Magnitude and Bode Phase plots on XY graphs. The
index is zero-based.

output # is the index number of the specific output of the
system that this VI displays in the Bode Magnitude and
Bode Phase plots on XY graphs. The index is zero-based.

Bode Magnitude is a plot on an XY graph that plots the linear or
decibel magnitude of the given model against a set of frequencies.
The Plots Index array determines the plots on this XY graph.
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Bode Phase is a plot on an XY graph that plots the phase (in
degrees) of the model against a set of frequency values. The Plots
Index array determines the plots on this XY graph.

Bode Data returns information about the Bode plot. To access the
Bode Data, use the CD Get Freqguency Response Data VI.
=] Frequency is a 1D-array of frequency values at which this
VI calculates the magnitude and phase.

[ |

ol Magnitude is a 3D-array. The jth column in the nth page of
the array is the magnitude of the transfer function between
the jth output and the pth input. For example, the first two
columns of the 0th page will be magnitudes of transfer
functions between outputs y, and y; and the first input u,.

[ |

5l phase is a 3D-array. The jth column in the pth page of the
array is the phase of the transfer function between the jth
output and the pth input. For example, the first two columns
of the 0th page will be the phase of transfer functions
between outputs y, and y; and the first input u,,.

error out contains error information. If error in indicates that an
error occurred before this VI or function ran, error out contains the
same error information. Otherwise, it describes the error status
that this VI or function produces. Right-click the error out front
panel indicator and select Explain Error from the shortcut menu
for more information about the error.

status is TRUE (X) if an error occurred or FALSE
(checkmark) to indicate a warning or that no error occurred.

code is the error or warning code. If status is TRUE, code
is a nonzero error code. If status is FALSE, code is O or a
warning code.

source describes the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning.

Frequency Info Out returns the frequency information of the
model.
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CD Bode Details

This VI supports delays. Refer to the LabVIEW Control Design User
Manual for more information about delays.
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CD Evaluate at Frequency VI

Owning Palette: Frequency Response VIs
Installed With: Control Design and Simulation Module

Determines the magnitude and phase of the system at the given
frequency. The data type you wire to the State-Space Model input
determines the polymorphic instance to use.

Details
Use the pull-down menu to select an instance of this VI.

Select an instance ~

u Place on the block diagram i Find on the Functions palette
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CD Evaluate at Frequency (State-Space)

State-Space Model -Ei-* R esponse
F ¥ (rad;s) - Huai — = Magnitude
rEg:.:E:'IiE (N0 error) === H::Phase (deq)
errar auk
State-Space Model contains a mathematical representation of

[feon1]

)

and information about the system for which this VI determines
frequency response.

Frequency (rad/s) is the frequency at which this VI evaluates the
system to obtain the magnitude and phase. The default is O.

error in describes error conditions that occur before this VI or
function runs. The default is no error. If an error occurred before
this VI or function runs, the VI or function passes the error in value
to error out. This VI or function runs normally only if no error
occurred before this VI or function runs. If an error occurs while
this VI or function runs, it runs normally and sets its own error
status in error out. Use the Simple Error Handler or General Error
Handler VIs to display the description of the error code. Use
exception control to treat what is normally an error as no error or to
treat a warning as an error. Use error in and error out to check
errors and to specify execution order by wiring error out from one
node to error in of the next node.

status is TRUE (X) if an error occurred before this VI or
function ran or FALSE (checkmark) to indicate a warning or
that no error occurred before this VI or function ran. The
default is FALSE.

code is the error or warning code. The default is O. If status
is TRUE, code is a honzero error code. If status is FALSE,
code is 0 or a warning code.

source specifies the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning. The default is an empty string.

Response returns the complex number that this VI obtains by
evaluating the system at Frequency (rad/s).

Magnitude returns the magnitude of Response in decibels.
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211 Phase (deg) returns the phase in degrees of Response.

error out contains error information. If error in indicates that an
error occurred before this VI or function ran, error out contains the
same error information. Otherwise, it describes the error status
that this VI or function produces. Right-click the error out front
panel indicator and select Explain Error from the shortcut menu
for more information about the error.

status is TRUE (X) if an error occurred or FALSE
(checkmark) to indicate a warning or that no error occurred.

code is the error or warning code. If status is TRUE, code
Is a nonzero error code. If status is FALSE, code is 0 or a
warning code.

source describes the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning.
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CD Evaluate at Frequency (Transfer Function)

Transfer Function Model -Ei-* Response
Frequency {radss) - S, — = Magnitude
Error in (no error) === _t::Phase (deq)
errar auk
Transfer Function Model contains a mathematical representation

[feon1]

)

of and information about the system for which this VI determines
frequency response.

Frequency (rad/s) is the frequency at which this VI evaluates the
system to obtain the magnitude and phase. The default is O.

error in describes error conditions that occur before this VI or
function runs. The default is no error. If an error occurred before
this VI or function runs, the VI or function passes the error in value
to error out. This VI or function runs normally only if no error
occurred before this VI or function runs. If an error occurs while
this VI or function runs, it runs normally and sets its own error
status in error out. Use the Simple Error Handler or General Error
Handler VIs to display the description of the error code. Use
exception control to treat what is normally an error as no error or to
treat a warning as an error. Use error in and error out to check
errors and to specify execution order by wiring error out from one
node to error in of the next node.

status is TRUE (X) if an error occurred before this VI or
function ran or FALSE (checkmark) to indicate a warning or
that no error occurred before this VI or function ran. The
default is FALSE.

code is the error or warning code. The default is O. If status
is TRUE, code is a honzero error code. If status is FALSE,
code is 0 or a warning code.

source specifies the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning. The default is an empty string.

Response returns the complex number that this VI obtains by
evaluating the system at Frequency (rad/s).

Magnitude returns the magnitude of Response in decibels.
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211 Phase (deg) returns the phase in degrees of Response.

error out contains error information. If error in indicates that an
error occurred before this VI or function ran, error out contains the
same error information. Otherwise, it describes the error status
that this VI or function produces. Right-click the error out front
panel indicator and select Explain Error from the shortcut menu
for more information about the error.

status is TRUE (X) if an error occurred or FALSE
(checkmark) to indicate a warning or that no error occurred.

code is the error or warning code. If status is TRUE, code
Is a nonzero error code. If status is FALSE, code is 0 or a
warning code.

source describes the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning.
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CD Evaluate at Frequency (Zero-Pole-Gain)

Zero-Pole-Gain Model =) Response
Frequency {radss) - G[""]lm — =Magnitude
Error in (no error) === tPhase (deq)
errar auk
Zero-Pole-Gain Model contains a mathematical representation of

[feon1]

)

and information about the system for which this VI determines
frequency response.

Frequency (rad/s) is the frequency at which this VI evaluates the
system to obtain the magnitude and phase. The default is O.

error in describes error conditions that occur before this VI or
function runs. The default is no error. If an error occurred before
this VI or function runs, the VI or function passes the error in value
to error out. This VI or function runs normally only if no error
occurred before this VI or function runs. If an error occurs while
this VI or function runs, it runs normally and sets its own error
status in error out. Use the Simple Error Handler or General Error
Handler VIs to display the description of the error code. Use
exception control to treat what is normally an error as no error or to
treat a warning as an error. Use error in and error out to check
errors and to specify execution order by wiring error out from one
node to error in of the next node.

status is TRUE (X) if an error occurred before this VI or
function ran or FALSE (checkmark) to indicate a warning or
that no error occurred before this VI or function ran. The
default is FALSE.

code is the error or warning code. The default is O. If status
is TRUE, code is a honzero error code. If status is FALSE,
code is 0 or a warning code.

source specifies the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning. The default is an empty string.

Response returns the complex number that this VI obtains by
evaluating the system at Frequency (rad/s).

Magnitude returns the magnitude of Response in decibels.
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211 Phase (deg) returns the phase in degrees of Response.

error out contains error information. If error in indicates that an
error occurred before this VI or function ran, error out contains the
same error information. Otherwise, it describes the error status
that this VI or function produces. Right-click the error out front
panel indicator and select Explain Error from the shortcut menu
for more information about the error.

status is TRUE (X) if an error occurred or FALSE
(checkmark) to indicate a warning or that no error occurred.

code is the error or warning code. If status is TRUE, code
Is a nonzero error code. If status is FALSE, code is 0 or a
warning code.

source describes the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning.
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CD Evaluate at Frequency Details

This VI supports delays. Refer to the LabVIEW Control Design User
Manual for more information about delays.
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CD Gain and Phase Margin VI

Owning Palette: Frequency Response VIs
Installed With: Control Design and Simulation Module

Calculates the gain and phase margins. If a system has multiple
crossover frequencies, the CD Gain and Phase Margin VI returns the
smallest gain and phase margins. You can use the CD Gain and Phase
Margin VI only with single-input single-output (SISO) systems. The data
types you wire to the State-Space Model and Frequency Info inputs
determine the polymorphic instance to use.

This VI converts state-space and zero-pole-gain models into transfer
function models before calculating the margins.

Details
Use the pull-down menu to select an instance of this VI.

Select an instance -

u Place on the block diagram i Find on the Functions palette
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CD Gain and Phase Margin (State-Space)

Phase Plok Reference
Magnitude Plok Reference

State-Space Model =) Magnitude Plot

Frequency Range =
Magnitude Scale i H

Error in (no error)

% E1phase Plok

HﬂmGain and Phase Margins
errar auk

Phase Plot Reference is a reference to the Phase Plot. Phase
Plot Reference configures the x-scale, y-scale, and legend
properties. If you want to use the default settings or customize the
settings for these properties, do not wire a value to this input.

Magnitude Plot Reference is a reference to the Magnitude Plot.
Magnitude Plot Reference configures the x-scale, y-scale, and
legend properties. If you want to use the default settings or
customize the settings for these properties, do not wire a value to
this input.

State-Space Model contains a mathematical representation of
and information about the SISO system for which this VI
determines gain and phase margins.

Frequency Range contains the frequency information of the
model.

e

calculating the frequency response and producing the plots.
The default is 1.

224 Final frequency is the maximum frequency this VI uses in
calculating the frequency response and producing the plots.
The default is 1.

Minimum number of points is the minimum number of
points this VI uses in calculating the frequency response
and producing the plots. The default is 100 points.

Frequency Unit specifies the units of frequency, either in
Hertz or radians/seconds, to use in calculating the
frequency response and producing the plots.

O|Hz
1|rad/s (default)
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Magnitude Scale specifies how to scale the magnitude of the
frequency response.

O|linear—Does not convert the magnitude of the frequency
response to decibels.

1 |db (default)—Converts the magnitude of the frequency
response to decibels.

error in describes error conditions that occur before this VI or
function runs. The default is no error. If an error occurred before
this VI or function runs, the VI or function passes the error in value
to error out. This VI or function runs normally only if no error
occurred before this VI or function runs. If an error occurs while
this VI or function runs, it runs normally and sets its own error
status in error out. Use the Simple Error Handler or General Error
Handler VIs to display the description of the error code. Use
exception control to treat what is normally an error as no error or to
treat a warning as an error. Use error in and error out to check
errors and to specify execution order by wiring error out from one
node to error in of the next node.

status is TRUE (X) if an error occurred before this VI or
function ran or FALSE (checkmark) to indicate a warning or
that no error occurred before this VI or function ran. The
default is FALSE.

code is the error or warning code. The default is O. If status
is TRUE, code is a honzero error code. If status is FALSE,
code is 0 or a warning code.

source specifies the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning. The default is an empty string.

5] Magnitude Plot shows the magnitude of the frequency response
of the system this VI plots against the frequency.

1] Phase Plot shows the phase of the frequency response of the
system in degrees this VI plots against the frequency.

Gain and Phase Margins returns information about the gain and
phase margins. To access the Gain and Phase Margins, use the


glang.chm::/Simple_Error_Handler.html
glang.chm::/General_Error_Handler.html
lvhowto.chm::/Controlling_Error_Notifica.html
lverror.chm::/Error_Code_Ranges.html

CD Get Frequency Response Data VI.

»Ell P,M. Frequency is the 0 decibels crossover frequency that
corresponds to the smallest phase margin.

Ml Gain Margin is the smallest gain margin of the system.

2l G.M. Frequency is the —180 degrees crossover frequency
that corresponds to the smallest gain margin.

*il Phase Margin is the smallest phase margin of the system.

error out contains error information. If error in indicates that an
error occurred before this VI or function ran, error out contains the
same error information. Otherwise, it describes the error status
that this VI or function produces. Right-click the error out front
panel indicator and select Explain Error from the shortcut menu
for more information about the error.

status is TRUE (X) if an error occurred or FALSE
(checkmark) to indicate a warning or that no error occurred.

code is the error or warning code. If status is TRUE, code
is a nonzero error code. If status is FALSE, code is O or a
warning code.

source describes the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning.
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CD Gain and Phase Margin (Transfer Function)

Phase Plot Reference
Magnitude Plok Reference —|

Transfer Function Model Magnitude Plot
Frequency Range =1 T E1phase Plok
Magnitude Su:ale H % HﬂmGain and Phase Margins
errar auk

Error in (no error)

Phase Plot Reference is a reference to the Phase Plot. Phase
Plot Reference configures the x-scale, y-scale, and legend
properties. If you want to use the default settings or customize the
settings for these properties, do not wire a value to this input.

Magnitude Plot Reference is a reference to the Magnitude Plot.
Magnitude Plot Reference configures the x-scale, y-scale, and
legend properties. If you want to use the default settings or
customize the settings for these properties, do not wire a value to
this input.

Transfer Function Model contains a mathematical representation
of and information about the SISO system for which this VI
determines gain and phase margins.

Frequency Range contains the frequency information of the
model.

‘.--_.-“n.i

calculatlng the frequency response and producing the plots.
The default is 1.

224 Final frequency is the maximum frequency this VI uses in
calculating the frequency response and producing the plots.
The default is 1.

Minimum number of points is the minimum number of
points this VI uses in calculating the frequency response
and producing the plots. The default is 100 points.

Frequency Unit specifies the units of frequency, either in
Hertz or radians/seconds, to use in calculating the
frequency response and producing the plots.

O|Hz
1|rad/s (default)
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Magnitude Scale specifies how to scale the magnitude of the
frequency response.

O|linear—Does not convert the magnitude of the frequency
response to decibels.

1 |db (default)—Converts the magnitude of the frequency
response to decibels.

error in describes error conditions that occur before this VI or
function runs. The default is no error. If an error occurred before
this VI or function runs, the VI or function passes the error in value
to error out. This VI or function runs normally only if no error
occurred before this VI or function runs. If an error occurs while
this VI or function runs, it runs normally and sets its own error
status in error out. Use the Simple Error Handler or General Error
Handler VIs to display the description of the error code. Use
exception control to treat what is normally an error as no error or to
treat a warning as an error. Use error in and error out to check
errors and to specify execution order by wiring error out from one
node to error in of the next node.

status is TRUE (X) if an error occurred before this VI or
function ran or FALSE (checkmark) to indicate a warning or
that no error occurred before this VI or function ran. The
default is FALSE.

code is the error or warning code. The default is O. If status
is TRUE, code is a honzero error code. If status is FALSE,
code is 0 or a warning code.

source specifies the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning. The default is an empty string.

5] Magnitude Plot shows the magnitude of the frequency response
of the system this VI plots against the frequency.

1] Phase Plot shows the phase of the frequency response of the
system in degrees this VI plots against the frequency.

Gain and Phase Margins returns information about the gain and
phase margins. To access the Gain and Phase Margins, use the
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CD Get Frequency Response Data VI.

»Ell P,M. Frequency is the 0 decibels crossover frequency that
corresponds to the smallest phase margin.

Ml Gain Margin is the smallest gain margin of the system.

2l G.M. Frequency is the —180 degrees crossover frequency
that corresponds to the smallest gain margin.

*il Phase Margin is the smallest phase margin of the system.

error out contains error information. If error in indicates that an
error occurred before this VI or function ran, error out contains the
same error information. Otherwise, it describes the error status
that this VI or function produces. Right-click the error out front
panel indicator and select Explain Error from the shortcut menu
for more information about the error.

status is TRUE (X) if an error occurred or FALSE
(checkmark) to indicate a warning or that no error occurred.

code is the error or warning code. If status is TRUE, code
is a nonzero error code. If status is FALSE, code is O or a
warning code.

source describes the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning.
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CD Gain and Phase Margin (Zero-Pole-Gain)

Phase Plok Reference
Magnitude Plok Reference

Zero-Pole-Gain Model =) Magnitude Plot

Frequency Range =
Magnitude Scale i H

Error in (no error)

% E1phase Plok

HﬂmGain and Phase Margins
errar auk

Phase Plot Reference is a reference to the Phase Plot. Phase
Plot Reference configures the x-scale, y-scale, and legend
properties. If you want to use the default settings or customize the
settings for these properties, do not wire a value to this input.

Magnitude Plot Reference is a reference to the Magnitude Plot.
Magnitude Plot Reference configures the x-scale, y-scale, and
legend properties. If you want to use the default settings or
customize the settings for these properties, do not wire a value to
this input.

Zero-Pole-Gain Model contains a mathematical representation of
and information about the SISO system for which this VI
determines gain and phase margins.

Frequency Range contains the frequency information of the
model.

e

calculating the frequency response and producing the plots.
The default is 1.

224 Final frequency is the maximum frequency this VI uses in
calculating the frequency response and producing the plots.
The default is 1.

Minimum number of points is the minimum number of
points this VI uses in calculating the frequency response
and producing the plots. The default is 100 points.

Frequency Unit specifies the units of frequency, either in
Hertz or radians/seconds, to use in calculating the
frequency response and producing the plots.

O|Hz
1|rad/s (default)
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Magnitude Scale specifies how to scale the magnitude of the
frequency response.

O|linear—Does not convert the magnitude of the frequency
response to decibels.

1 |db (default)—Converts the magnitude of the frequency
response to decibels.

error in describes error conditions that occur before this VI or
function runs. The default is no error. If an error occurred before
this VI or function runs, the VI or function passes the error in value
to error out. This VI or function runs normally only if no error
occurred before this VI or function runs. If an error occurs while
this VI or function runs, it runs normally and sets its own error
status in error out. Use the Simple Error Handler or General Error
Handler VIs to display the description of the error code. Use
exception control to treat what is normally an error as no error or to
treat a warning as an error. Use error in and error out to check
errors and to specify execution order by wiring error out from one
node to error in of the next node.

status is TRUE (X) if an error occurred before this VI or
function ran or FALSE (checkmark) to indicate a warning or
that no error occurred before this VI or function ran. The
default is FALSE.

code is the error or warning code. The default is O. If status
is TRUE, code is a honzero error code. If status is FALSE,
code is 0 or a warning code.

source specifies the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning. The default is an empty string.

5] Magnitude Plot shows the magnitude of the frequency response
of the system this VI plots against the frequency.

1] Phase Plot shows the phase of the frequency response of the
system in degrees this VI plots against the frequency.

Gain and Phase Margins returns information about the gain and
phase margins. To access the Gain and Phase Margins, use the
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CD Get Frequency Response Data VI.

»Ell P,M. Frequency is the 0 decibels crossover frequency that
corresponds to the smallest phase margin.

Ml Gain Margin is the smallest gain margin of the system.

2l G.M. Frequency is the —180 degrees crossover frequency
that corresponds to the smallest gain margin.

*il Phase Margin is the smallest phase margin of the system.

error out contains error information. If error in indicates that an
error occurred before this VI or function ran, error out contains the
same error information. Otherwise, it describes the error status
that this VI or function produces. Right-click the error out front
panel indicator and select Explain Error from the shortcut menu
for more information about the error.

status is TRUE (X) if an error occurred or FALSE
(checkmark) to indicate a warning or that no error occurred.

code is the error or warning code. If status is TRUE, code
is a nonzero error code. If status is FALSE, code is O or a
warning code.

source describes the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning.
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CD Gain and Phase Margin (Frequency Response Data)

Phase Plot Reference
Magnitude Plok Reference —|
Frequency Response Magnitude Plot

Frequency Wector '=" @ E1phase Plok
Magnitude Su:ale H HﬂmGain and Phase Margins
Error in (no error) error ouk

Phase Plot Reference is a reference to the Phase Plot. Phase
Plot Reference configures the x-scale, y-scale, and legend
properties. If you want to use the default settings or customize the
settings for these properties, do not wire a value to this input.

Magnitude Plot Reference is a reference to the Magnitude Plot.
Magnitude Plot Reference configures the x-scale, y-scale, and
legend properties. If you want to use the default settings or
customize the settings for these properties, do not wire a value to
this input.

Frequency Response specifies the frequency response for which
this VI calculates the margins.

aaaaaaaaa

(= Magnitude specifies the magnitude component of the
frequency response. The Magnitude Scale parameter
defines the units of the Magnitude array.

aaaaaaaaa

(=Y Phase specifies the phase component, in degrees, of the
frequency response.

Frequency Vector specifies information about the frequencies this
VI uses to excite the model

aaaaaaaaa

the model.

Frequency Unit specifies the unit of measurement of the
Frequency array.

0|Hz—Specifies that the frequency is measured in hertz.

1 |rad/s (default)—Specifies that the frequency is
measured in radians per second.

Magnitude Scale specifies how to scale the magnitude of the
frequency response.



O|linear—Does not convert the magnitude of the frequency
response to decibels.

1 |db (default)—Converts the magnitude of the frequency
response to decibels.

error in describes error conditions that occur before this VI or

function runs. The default is no error. If an error occurred before
this VI or function runs, the VI or function passes the error in value
to error out. This VI or function runs normally only if no error
occurred before this VI or function runs. If an error occurs while
this VI or function runs, it runs normally and sets its own error
status in error out. Use the Simple Error Handler or General Error
Handler VIs to display the description of the error code. Use
exception control to treat what is normally an error as no error or to
treat a warning as an error. Use error in and error out to check
errors and to specify execution order by wiring error out from one
node to error in of the next node.

status is TRUE (X) if an error occurred before this VI or
function ran or FALSE (checkmark) to indicate a warning or
that no error occurred before this VI or function ran. The
default is FALSE.

code is the error or warning code. The default is O. If status
is TRUE, code is a honzero error code. If status is FALSE,
code is 0 or a warning code.

source specifies the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning. The default is an empty string.

Magnitude Plot shows the magnitude of the frequency response
of the system this VI plots against the frequency.

Phase Plot shows the phase of the frequency response of the
system in degrees this VI plots against the frequency.

Gain and Phase Margins returns information about the gain and
phase margins. To access the Gain and Phase Margins, use the
CD Get Frequency Response Data VI.

»Ell pP,M. Frequency is the 0 decibels crossover frequency that
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corresponds to the smallest phase margin.
bt Gain Margin is the smallest gain margin of the system.

b0 G.M. Frequency is the —180 degrees crossover frequency
that corresponds to the smallest gain margin.

il Phase Margin is the smallest phase margin of the system.

error out contains error information. If error in indicates that an
error occurred before this VI or function ran, error out contains the
same error information. Otherwise, it describes the error status
that this VI or function produces. Right-click the error out front
panel indicator and select Explain Error from the shortcut menu
for more information about the error.

status is TRUE (X) if an error occurred or FALSE
(checkmark) to indicate a warning or that no error occurred.

code is the error or warning code. If status is TRUE, code
is a nonzero error code. If status is FALSE, code is O or a
warning code.

source describes the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning.
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CD Gain and Phase Margin Details

This VI supports delays. Refer to the LabVIEW Control Design User
Manual for more information about delays.
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CD Get Frequency Response Data VI

Owning Palette: Frequency Response VIs
Installed With: Control Design and Simulation Module

Gives access to the frequency response information the Frequency
Response VIs return. The data types you wire to the Input and Output
inputs determine the polymorphic instance to use. To get the frequency
response data from all input-output pairs, you must manually select the
polymorphic instance to use.

Details
Use the pull-down menu to select an instance of this VI.

Select an instance -

u Place on the block diagram i Find on the Functions palette
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CD Get Frequency Response Data (Input-Output Pair)

Frequency Response Data B0 Frequency
Inpuk _I_I H % " Magnitude,l'ReaI,l’?pen-LDDp 13ain
Cutput L Phase/Imaginary/Open-Laop P...
Error in (no error) mﬂﬂ L_E”a;EDuTaglnaW PR
Type of Response Data
Frequency Response Data contains information about the

frequency response of a model. Refer to the Details section for
more information about the frequency response data.

—y

VI plots the real versus imaginary parts of the transfer
function H(w).

=¥ Magnitude/Real/Open-Loop Gain contains data about the
frequency response of the real part of the elements in the
matrix H(w).

[ Phasel/lmaginary/Open-Loop Phase contains data about
the frequency response of the imaginary part of the
elements in the matrix H(w).

Input determines the index number of each input for which you
want to obtain data.

Output determines the index number of each output for which you
want to obtain data.

error in describes error conditions that occur before this VI or
function runs. The default is no error. If an error occurred before
this VI or function runs, the VI or function passes the error in value
to error out. This VI or function runs normally only if no error
occurred before this VI or function runs. If an error occurs while
this VI or function runs, it runs normally and sets its own error
status in error out. Use the Simple Error Handler or General Error
Handler VIs to display the description of the error code. Use
exception control to treat what is normally an error as no error or to
treat a warning as an error. Use error in and error out to check
errors and to specify execution order by wiring error out from one
node to error in of the next node.

status is TRUE (X) if an error occurred before this VI or
function ran or FALSE (checkmark) to indicate a warning or
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that no error occurred before this VI or function ran. The
default is FALSE.

code is the error or warning code. The default is O. If status
is TRUE, code is a nonzero error code. If status is FALSE,
code is 0 or a warning code.

source specifies the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning. The default is an empty string.

Frequency returns the frequency response vector at which this VI
plots the real versus imaginary parts of the transfer function H(w).

Magnitude/Real/Open-Loop Gain returns the magnitude or real
part of the transfer function H(w). For the CD All Margins, CD
Bode, and CD Nichols VIs, Magnitude/ReallOpen-Loop Gain
returns the magnitude of the response. For the CD Nyquist VI,
Magnitude/Real/Open-Loop Gain returns the real part of the
response.

Phasel/lmaginary/Open-Loop Phase returns the phase or
imaginary part of the transfer function H(w). For the CD All
Margins, CD Bode, and CD Nichols VIs, Phasellmaginary/Open-
Loop Phase returns the phase of the response. For the CD
Nyquist VI, Phasellmaginary/Open-Loop Phase returns the
imaginary part of the response.

error out contains error information. If error in indicates that an
error occurred before this VI or function ran, error out contains the
same error information. Otherwise, it describes the error status
that this VI or function produces. Right-click the error out front
panel indicator and select Explain Error from the shortcut menu
for more information about the error.

status is TRUE (X) if an error occurred or FALSE
(checkmark) to indicate a warning or that no error occurred.

code is the error or warning code. If status is TRUE, code
is a nonzero error code. If status is FALSE, code is O or a
warning code.

source describes the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
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the error or warning.

Type of Response Data returns the type of response data.

bode-magnitude
bode-phase
nichols

nyquist
singular values (default)

step
impulse
initial

(N[O [W|IN|IFL|O

simulation




CD Get Frequency Response Data (Input-Output List)

Frequency Response Data =k | Frequency
Inputs -I_I H%u —— ="-*Mlllagniiude.fReal.f?pen-Lunp 3ain
Qukputs =p Imadqi Open-Loop P...
error in {no Erru:ur]lmﬂH L_E”a;EDuTaglnaW PR
Type of Response Data
Frequency Response Data contains information about the

frequency response of a model. Refer to the Details section for
more information about the frequency response data.

—y

VI plots the real versus imaginary parts of the transfer
function H(w).

=¥ Magnitude/Real/Open-Loop Gain contains data about the
frequency response of the real part of the elements in the
matrix H(w).

[ Phasel/lmaginary/Open-Loop Phase contains data about
the frequency response of the imaginary part of the
elements in the matrix H(w).

Inputs specifies a list of index numbers of the inputs for which you
want to obtain data. The index is zero-based.

Outputs specifies a list of index numbers of the outputs for which
you want to obtain data.

error in describes error conditions that occur before this VI or
function runs. The default is no error. If an error occurred before
this VI or function runs, the VI or function passes the error in value
to error out. This VI or function runs normally only if no error
occurred before this VI or function runs. If an error occurs while
this VI or function runs, it runs normally and sets its own error
status in error out. Use the Simple Error Handler or General Error
Handler VIs to display the description of the error code. Use
exception control to treat what is normally an error as no error or to
treat a warning as an error. Use error in and error out to check
errors and to specify execution order by wiring error out from one
node to error in of the next node.

status is TRUE (X) if an error occurred before this VI or
function ran or FALSE (checkmark) to indicate a warning or
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that no error occurred before this VI or function ran. The
default is FALSE.

code is the error or warning code. The default is O. If status
is TRUE, code is a nonzero error code. If status is FALSE,
code is 0 or a warning code.

source specifies the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning. The default is an empty string.

Frequency returns the frequency response vector at which this VI
plots the real versus imaginary parts of the transfer function H(w).

Magnitude/Real/Open-Loop Gain returns the magnitude or real
part of the transfer function H(w). For the CD All Margins, CD
Bode, and CD Nichols VIs, Magnitude/ReallOpen-Loop Gain
returns the magnitude of the response. For the CD Nyquist VI,
Magnitude/Real/Open-Loop Gain returns the real part of the
response.

Phasel/lmaginary/Open-Loop Phase returns the phase or
imaginary part of the transfer function H(w). For the CD All
Margins, CD Bode, and CD Nichols VIs, Phasellmaginary/Open-
Loop Phase returns the phase of the response. For the CD
Nyquist VI, Phasellmaginary/Open-Loop Phase returns the
imaginary part of the response.

error out contains error information. If error in indicates that an
error occurred before this VI or function ran, error out contains the
same error information. Otherwise, it describes the error status
that this VI or function produces. Right-click the error out front
panel indicator and select Explain Error from the shortcut menu
for more information about the error.

status is TRUE (X) if an error occurred or FALSE
(checkmark) to indicate a warning or that no error occurred.

code is the error or warning code. If status is TRUE, code
is a nonzero error code. If status is FALSE, code is O or a
warning code.

source describes the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
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the error or warning.

Type of Response Data returns the type of response data.

bode-magnitude
bode-phase
nichols

nyquist
singular values (default)

step
impulse
initial
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simulation




CD Get Frequency Response Data (All Input-Output)

Frequency Response Data ECEE- = Frequency

Hﬂtﬁ_ﬁﬁ"—' Magnitude/Real{Cpen-Loop Gain

errar in (no error) & H:::Phaseﬂmaginarwc:upen-mnp P...
errar auk

Type of Response Data

Frequency Response Data contains information about the
frequency response of a model. Refer to the Details section for
more information about the frequency response data.

—y

VI plots the real versus imaginary parts of the transfer
function H(w).

=¥ Magnitude/Real/Open-Loop Gain contains data about the
frequency response of the real part of the elements in the
matrix H(w).

[ Phasel/lmaginary/Open-Loop Phase contains data about
the frequency response of the imaginary part of the
elements in the matrix H(w).

error in describes error conditions that occur before this VI or
function runs. The default is no error. If an error occurred before
this VI or function runs, the VI or function passes the error in value
to error out. This VI or function runs normally only if no error
occurred before this VI or function runs. If an error occurs while
this VI or function runs, it runs normally and sets its own error
status in error out. Use the Simple Error Handler or General Error
Handler VIs to display the description of the error code. Use
exception control to treat what is normally an error as no error or to
treat a warning as an error. Use error in and error out to check
errors and to specify execution order by wiring error out from one
node to error in of the next node.

status is TRUE (X) if an error occurred before this VI or
function ran or FALSE (checkmark) to indicate a warning or
that no error occurred before this VI or function ran. The
default is FALSE.

code is the error or warning code. The default is O. If status
is TRUE, code is a honzero error code. If status is FALSE,
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code is 0 or a warning code.

source specifies the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning. The default is an empty string.

Frequency returns the frequency response vector at which this VI
plots the real versus imaginary parts of the transfer function H(w).

Magnitude/Real/Open-Loop Gain returns the magnitude or real
part of the transfer function H(w). For the CD All Margins, CD
Bode, and CD Nichols VIs, Magnitude/ReallOpen-Loop Gain
returns the magnitude of the response. For the CD Nyquist VI,
Magnitude/Real/Open-Loop Gain returns the real part of the
response. Refer to the Details section for more information about
the frequency response data.

Phasel/lmaginary/Open-Loop Phase returns the phase or
imaginary part of the transfer function H(w). For the CD All
Margins, CD Bode, and CD Nichols VIs, Phasellmaginary/Open-
Loop Phase returns the phase of the response. For the CD
Nyquist VI, Phasellmaginary/Open-Loop Phase returns the
imaginary part of the response. Refer to the Details section for
more information about the frequency response data.

error out contains error information. If error in indicates that an
error occurred before this VI or function ran, error out contains the
same error information. Otherwise, it describes the error status
that this VI or function produces. Right-click the error out front
panel indicator and select Explain Error from the shortcut menu
for more information about the error.

status is TRUE (X) if an error occurred or FALSE
(checkmark) to indicate a warning or that no error occurred.

code is the error or warning code. If status is TRUE, code
Is a nonzero error code. If status is FALSE, code is O or a
warning code.

source describes the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning.

Type of Response Data returns the type of response data.
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bode-magnitude

bode-phase

nichols

nyquist

singular values (default)

step

impulse

initial
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CD Get Frequency Response Data Details
Frequency Response Data

The Frequency Response Data data type contains information about
the frequency response of all the input-output pairs in the model. You can
use the CD Get Frequency Response VI to customize how you want to
view this information. The following explanation describes how to view
and understand the frequency response data.

The Frequency is an array of frequencies this VI records at a certain
interval. The Magnitude/Real/Open-Loop Gain and
Phasel/lmaginary/Open-Loop Phase arrays are three-dimensional
arrays with three index displays. The first index display is the index
number of the inputs. The third index display is the index number of the
outputs. The data this VI displays in Magnitude/Real/Open-Loop Gain
and Phasel/lmaginary/Open-Loop Phase depends on the input-output
pair these two index displays specify. The second index display is the
index number of the response data. This index display is relative to the
index display of the Frequency. The indexes are zero-based.

For example, consider the following Frequency Response Data.

Frequency Response Daka

Frequency

2 :
7 BN E

|

Magnitude/Real/Open-Loop Gain

_%]1 })FT{_.D.DD

i/ﬁ Fse__ 0.0

1}0_ FS_' .00

; Phase/Imaginary/Open-Loop Phase

_fj]l ‘DW Jo.00

F mz_ J0.00
J-_-

;]D 4 -249,90 | £80.00

i

.
i
i

If you want to know the frequency response at w = 1.10, set the index
displays for Magnitude/Real/lOpen-Loop Gain and
Phasel/lmaginary/Open-Loop Phase equal to the index display for
Frequency. In this example, the index display is equal to 50. The



Magnitude/Real/Open-Loop Gain indicates that for the input-output pair
(1, 0), the magnitude at that frequency is —1.43. The
Phasellmaginary/Open-Loop Phase indicates that for the input-output
pair (1, 0), the phase is —241.22.

The Frequency Response Data displays the frequency response in
terms of magnitude and phase when you use the CD Bode VI and CD
Nichols VI to analyze the frequency response. The Frequency
Response Data displays the frequency response in terms of real and
imaginary parts when you use the CD Nyquist VI to analyze the
frequency response.

Delay Support

This VI supports delays. Refer to the LabVIEW Control Design User
Manual for more information about delays.
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CD Nichols VI

Owning Palette: Frequency Response VIs
Installed With: Control Design and Simulation Module

Creates a Nichols plot of the input system for which this VI plots the
magnitude, in decibels, of the frequency response against the phase. You
can display this data in the CD Nichols Plot indicator. The data types you
wire to the State-Space Model and Frequency Info inputs determine the
polymorphic instance to use.

This VI converts state-space and zero-pole-gain models into transfer
function models before determining the frequency response.

Details
Use the pull-down menu to select an instance of this VI.

Select an instance -

u Place on the block diagram i Find on the Functions palette
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CD Nichols (Frequency Range, State-Space)

Michols Graph Reference —————
State-Space Model =) Michiols Plok
Frequency Range = / e [ichiols Data
eFrar in (no errop) === Lo arrar auk

Plots Inde:x

Nichols Graph Reference is a reference to the Nichols Plot on
an XY graph. Nichols Graph Reference configures the x-scale, y-
scale, and legend properties. If you want to use the default settings
or customize the settings for these properties, do not wire a value
to this input.

State-Space Model contains a mathematical representation of
and information about the system for which this VI produces a
Nichols plot.

Frequency Range contains the frequency information of the
model.

= Initial frequency is the minimum frequency this VI uses in
calculating the frequency response and producing the plots.
The default is 1.

[ Final frequency is the maximum frequency this VI uses in
calculating the frequency response and producing the plots.
The default is 1.

Minimum number of points is the minimum number of
points this VI uses in calculating the frequency response
and producing the plots. The default is 100 points.

Frequency Unit specifies the units of frequency, either in
Hertz or radians/seconds, to use in calculating the
frequency response and producing the plots.

O|Hz
1|rad/s (default)

error in describes error conditions that occur before this VI or
function runs. The default is no error. If an error occurred before
this VI or function runs, the VI or function passes the error in value
to error out. This VI or function runs normally only if no error
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occurred before this VI or function runs. If an error occurs while
this VI or function runs, it runs normally and sets its own error
status in error out. Use the Simple Error Handler or General Error
Handler VIs to display the description of the error code. Use
exception control to treat what is normally an error as no error or to
treat a warning as an error. Use error in and error out to check
errors and to specify execution order by wiring error out from one
node to error in of the next node.

status is TRUE (X) if an error occurred before this VI or
function ran or FALSE (checkmark) to indicate a warning or
that no error occurred before this VI or function ran. The
default is FALSE.

code is the error or warning code. The default is O. If status
is TRUE, code is a honzero error code. If status is FALSE,
code is 0 or a warning code.

source specifies the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning. The default is an empty string.

Plots Index is an array of clusters of the following two elements.

input # is the index number of the specific input to the
system. This VI displays the response to this input in the
Nichols Plot on an XY graph. The index is zero-based.

output # is the index number of the specific output of the
system that this VI displays in the Nichols Plot on an XY
graph. The index is zero-based.

Nichols Plot returns the magnitude (in decibels) of the frequency
response of the input system this VI plots against its phase (in
degrees). The Plots Index input determines which plots to display
on the XY graph. Right-click this terminal on the block diagram and
select Create»Indicator from the shortcut menu to display this
data in a CD Nichols Plot indicator.

Nichols Data returns information about the Nichols plot data. To
access the Nichols Data, use the CD Get Frequency Response
Data VI.

=] Frequency is a 1D-array of frequency values at which this
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VI calculates the magnitude and phase.

Magnitude (dB) is a 3D-array. The jth column in the pth

page of the array is the magnitude of the transfer function
between the jth output and the pth input. For example, the

first two columns of the Oth page will be magnitudes of
transfer functions between outputs y, and y; and the first
input up,.

Phase (deg) is a 3D-array. The jth column in the pth page of
the array is the phase of the transfer function between the jth
output and the pth input. For example, the first two columns
of the Oth page will be the phase of transfer functions
between outputs y, and y; and the first input u,,.

error out contains error information. If error in indicates that an
error occurred before this VI or function ran, error out contains the
same error information. Otherwise, it describes the error status
that this VI or function produces. Right-click the error out front
panel indicator and select Explain Error from the shortcut menu
for more information about the error.

status is TRUE (X) if an error occurred or FALSE

(checkmark) to indicate a warning or that no error occurred.

code is the error or warning code. If status is TRUE, code
is a nonzero error code. If status is FALSE, code is O or a
warning code.

source describes the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning.
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CD Nichols (Frequency Range, Transfer Function)

Michols Graph Reference ———
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Michiols Plok

Nichols Graph Reference is a reference to the Nichols Plot on
an XY graph. Nichols Graph Reference configures the x-scale, y-
scale, and legend properties. If you want to use the default settings
or customize the settings for these properties, do not wire a value
to this input.

Transfer Function Model contains a mathematical representation
of and information about the system for which this VI produces a
Nichols Plot.

Frequency Range contains the frequency information of the
model.

Initial frequency is the minimum frequency this VI uses in
calculating the frequency response and producing the plots.
The default is 1.

Final frequency is the maximum frequency this VI uses in
calculating the frequency response and producing the plots.
The default is 1.

Minimum number of points is the minimum number of
points this VI uses in calculating the frequency response
and producing the plots. The default is 100 points.

Frequency Unit specifies the units of frequency, either in
Hertz or radians/seconds, to use in calculating the
frequency response and producing the plots.

O|Hz
1|rad/s (default)

error in describes error conditions that occur before this VI or

function runs. The default is no error. If an error occurred before
this VI or function runs, the VI or function passes the error in value
to error out. This VI or function runs normally only if no error
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occurred before this VI or function runs. If an error occurs while
this VI or function runs, it runs normally and sets its own error
status in error out. Use the Simple Error Handler or General Error
Handler VIs to display the description of the error code. Use
exception control to treat what is normally an error as no error or to
treat a warning as an error. Use error in and error out to check
errors and to specify execution order by wiring error out from one
node to error in of the next node.

status is TRUE (X) if an error occurred before this VI or
function ran or FALSE (checkmark) to indicate a warning or
that no error occurred before this VI or function ran. The
default is FALSE.

code is the error or warning code. The default is O. If status
is TRUE, code is a honzero error code. If status is FALSE,
code is 0 or a warning code.

source specifies the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning. The default is an empty string.

Plots Index is an array of clusters of the following two elements.

input # is the index number of the specific input to the
system. This VI displays the response to this input in the
Nichols Plot on an XY graph. The index is zero-based.

output # is the index number of the specific output of the
system that this VI displays in the Nichols Plot on an XY
graph. The index is zero-based.

Nichols Plot returns the magnitude (in decibels) of the frequency
response of the input system this VI plots against its phase (in
degrees). The Plots Index input determines which plots to display
on the XY graph. Right-click this terminal on the block diagram and
select Create»Indicator from the shortcut menu to display this
data in a CD Nichols Plot indicator.

Nichols Data returns information about the Nichols plot data. To
access the Nichols Data, use the CD Get Frequency Response
Data VI.

=] Frequency is a 1D-array of frequency values at which this
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VI calculates the magnitude and phase.

Magnitude (dB) is a 3D-array. The jth column in the pth

page of the array is the magnitude of the transfer function
between the jth output and the pth input. For example, the

first two columns of the Oth page will be magnitudes of
transfer functions between outputs y, and y; and the first
input up,.

Phase (deg) is a 3D-array. The jth column in the pth page of
the array is the phase of the transfer function between the jth
output and the pth input. For example, the first two columns
of the Oth page will be the phase of transfer functions
between outputs y, and y; and the first input u,,.

error out contains error information. If error in indicates that an
error occurred before this VI or function ran, error out contains the
same error information. Otherwise, it describes the error status
that this VI or function produces. Right-click the error out front
panel indicator and select Explain Error from the shortcut menu
for more information about the error.

status is TRUE (X) if an error occurred or FALSE

(checkmark) to indicate a warning or that no error occurred.

code is the error or warning code. If status is TRUE, code
is a nonzero error code. If status is FALSE, code is O or a
warning code.

source describes the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning.
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Nichols Graph Reference is a reference to the Nichols Plot on
an XY graph. Nichols Graph Reference configures the x-scale, y-
scale, and legend properties. If you want to use the default settings
or customize the settings for these properties, do not wire a value
to this input.

Zero-Pole-Gain Modelcontains a mathematical representation of
and information about the system for which this VI produces a
Nichols plot.

Frequency Range contains the frequency information of the
model.

= Initial frequency is the minimum frequency this VI uses in
calculating the frequency response and producing the plots.
The default is 1.

[ Final frequency is the maximum frequency this VI uses in
calculating the frequency response and producing the plots.
The default is 1.

Minimum number of points is the minimum number of
points this VI uses in calculating the frequency response
and producing the plots. The default is 100 points.

Frequency Unit specifies the units of frequency, either in
Hertz or radians/seconds, to use in calculating the
frequency response and producing the plots.

O|Hz
1|rad/s (default)

error in describes error conditions that occur before this VI or
function runs. The default is no error. If an error occurred before
this VI or function runs, the VI or function passes the error in value
to error out. This VI or function runs normally only if no error
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occurred before this VI or function runs. If an error occurs while
this VI or function runs, it runs normally and sets its own error
status in error out. Use the Simple Error Handler or General Error
Handler VIs to display the description of the error code. Use
exception control to treat what is normally an error as no error or to
treat a warning as an error. Use error in and error out to check
errors and to specify execution order by wiring error out from one
node to error in of the next node.

status is TRUE (X) if an error occurred before this VI or
function ran or FALSE (checkmark) to indicate a warning or
that no error occurred before this VI or function ran. The
default is FALSE.

code is the error or warning code. The default is O. If status
is TRUE, code is a honzero error code. If status is FALSE,
code is 0 or a warning code.

source specifies the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning. The default is an empty string.

Plots Index is an array of clusters of the following two elements.

input # is the index number of the specific input to the
system. This VI displays the response to this input in the
Nichols Plot on an XY graph. The index is zero-based.

output # is the index number of the specific output of the
system that this VI displays in the Nichols Plot on an XY
graph. The index is zero-based.

Nichols Plot returns the magnitude (in decibels) of the frequency
response of the input system this VI plots against its phase (in
degrees). The Plots Index input determines which plots to display
on the XY graph. Right-click this terminal on the block diagram and
select Create»Indicator from the shortcut menu to display this
data in a CD Nichols Plot indicator.

Nichols Data returns information about the Nichols plot data. To
access the Nichols Data, use the CD Get Frequency Response
Data VI.

=] Frequency is a 1D-array of frequency values at which this
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VI calculates the magnitude and phase.

Magnitude (dB) is a 3D-array. The jth column in the pth

page of the array is the magnitude of the transfer function
between the jth output and the pth input. For example, the

first two columns of the Oth page will be magnitudes of
transfer functions between outputs y, and y; and the first
input up,.

Phase (deg) is a 3D-array. The jth column in the pth page of
the array is the phase of the transfer function between the jth
output and the pth input. For example, the first two columns
of the Oth page will be the phase of transfer functions
between outputs y, and y; and the first input u,,.

error out contains error information. If error in indicates that an
error occurred before this VI or function ran, error out contains the
same error information. Otherwise, it describes the error status
that this VI or function produces. Right-click the error out front
panel indicator and select Explain Error from the shortcut menu
for more information about the error.

status is TRUE (X) if an error occurred or FALSE

(checkmark) to indicate a warning or that no error occurred.

code is the error or warning code. If status is TRUE, code
is a nonzero error code. If status is FALSE, code is O or a
warning code.

source describes the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning.
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Nichols Graph Reference is a reference to the Nichols Plot on
an XY graph. Nichols Graph Reference configures the x-scale, y-
scale, and legend properties. If you want to use the default settings
or customize the settings for these properties, do not wire a value
to this input.

State-Space Model contains a mathematical representation of
and information about the system for which this VI produces a
Nichols plot.

Frequency Vector specifies information about the frequencies this
VI uses to excite the model.

Frequency specifies the frequencies this VI uses to excite
the model.

Frequency Unit specifies the unit of measurement of the
Frequency array.

0|Hz—Specifies that the frequency is measured in hertz.

1 |rad/s (default)—Specifies that the frequency is
measured in radians per second.

error in describes error conditions that occur before this VI or
function runs. The default is no error. If an error occurred before
this VI or function runs, the VI or function passes the error in value
to error out. This VI or function runs normally only if no error
occurred before this VI or function runs. If an error occurs while
this VI or function runs, it runs normally and sets its own error
status in error out. Use the Simple Error Handler or General Error
Handler VIs to display the description of the error code. Use
exception control to treat what is normally an error as no error or to
treat a warning as an error. Use error in and error out to check
errors and to specify execution order by wiring error out from one
node to error in of the next node.
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status is TRUE (X) if an error occurred before this VI or
function ran or FALSE (checkmark) to indicate a warning or
that no error occurred before this VI or function ran. The
default is FALSE.

code is the error or warning code. The default is O. If status
is TRUE, code is a honzero error code. If status is FALSE,
code is 0 or a warning code.

source specifies the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning. The default is an empty string.

Plots Index is an array of clusters of the following two elements.

input # is the index number of the specific input to the
system. This VI displays the response to this input in the
Nichols Plot on an XY graph. The index is zero-based.

output # is the index number of the specific output of the
system that this VI displays in the Nichols Plot on an XY
graph. The index is zero-based.

Nichols Plot returns the magnitude (in decibels) of the frequency

response of the input system this VI plots against its phase (in
degrees). The Plots Index input determines which plots to display
on the XY graph. Right-click this terminal on the block diagram and
select Create»Indicator from the shortcut menu to display this
data in a CD Nichols Plot indicator.

Nichols Data returns information about the Nichols plot data. To
access the Nichols Data, use the CD Get Frequency Response
Data VI.

=] Frequency is a 1D-array of frequency values at which this
VI calculates the magnitude and phase.

B0l Magnitude (dB) is @ 3D-array. The jth column in the pth
page of the array is the magnitude of the transfer function
between the jth output and the pth input. For example, the
first two columns of the Oth page will be magnitudes of
transfer functions between outputs y, and y; and the first
input uy,.

[ |

L=
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Phase (deg) is a 3D-array. The jth column in the pth page of
the array is the phase of the transfer function between the jth
output and the pth input. For example, the first two columns
of the Oth page will be the phase of transfer functions
between outputs y, and y; and the first input u,,.

error out contains error information. If error in indicates that an
error occurred before this VI or function ran, error out contains the
same error information. Otherwise, it describes the error status
that this VI or function produces. Right-click the error out front
panel indicator and select Explain Error from the shortcut menu
for more information about the error.

status is TRUE (X) if an error occurred or FALSE

(checkmark) to indicate a warning or that no error occurred.

code is the error or warning code. If status is TRUE, code
Is a nonzero error code. If status is FALSE, code is O or a
warning code.

source describes the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning.
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Nichols Graph Reference is a reference to the Nichols Plot on
an XY graph. Nichols Graph Reference configures the x-scale, y-
scale, and legend properties. If you want to use the default settings
or customize the settings for these properties, do not wire a value
to this input.

Transfer Function Model contains a mathematical representation
of and information about the system for which this VI produces a
Nichols Plot.

Frequency Vector specifies information about the frequencies this
VI uses to excite the model.

[ Frequency specifies the frequencies this VI uses to excite
the model.

Frequency Unit specifies the unit of measurement of the
Frequency array.

0|Hz—Specifies that the frequency is measured in hertz.

1 |rad/s (default)—Specifies that the frequency is
measured in radians per second.

error in describes error conditions that occur before this VI or
function runs. The default is no error. If an error occurred before
this VI or function runs, the VI or function passes the error in value
to error out. This VI or function runs normally only if no error
occurred before this VI or function runs. If an error occurs while
this VI or function runs, it runs normally and sets its own error
status in error out. Use the Simple Error Handler or General Error
Handler VIs to display the description of the error code. Use
exception control to treat what is normally an error as no error or to
treat a warning as an error. Use error in and error out to check
errors and to specify execution order by wiring error out from one
node to error in of the next node.
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status is TRUE (X) if an error occurred before this VI or
function ran or FALSE (checkmark) to indicate a warning or
that no error occurred before this VI or function ran. The
default is FALSE.

code is the error or warning code. The default is O. If status
is TRUE, code is a honzero error code. If status is FALSE,
code is 0 or a warning code.

source specifies the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning. The default is an empty string.

Plots Index is an array of clusters of the following two elements.

input # is the index number of the specific input to the
system. This VI displays the response to this input in the
Nichols Plot on an XY graph. The index is zero-based.

output # is the index number of the specific output of the
system that this VI displays in the Nichols Plot on an XY
graph. The index is zero-based.

Nichols Plot returns the magnitude (in decibels) of the frequency

response of the input system this VI plots against its phase (in
degrees). The Plots Index input determines which plots to display
on the XY graph. Right-click this terminal on the block diagram and
select Create»Indicator from the shortcut menu to display this
data in a CD Nichols Plot indicator.

Nichols Data returns information about the Nichols plot data. To
access the Nichols Data, use the CD Get Frequency Response
Data VI.

=] Frequency is a 1D-array of frequency values at which this
VI calculates the magnitude and phase.

B0l Magnitude (dB) is @ 3D-array. The jth column in the pth
page of the array is the magnitude of the transfer function
between the jth output and the pth input. For example, the
first two columns of the Oth page will be magnitudes of
transfer functions between outputs y, and y; and the first
input uy,.

[ |

L=
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Phase (deg) is a 3D-array. The jth column in the pth page of
the array is the phase of the transfer function between the jth
output and the pth input. For example, the first two columns
of the Oth page will be the phase of transfer functions
between outputs y, and y; and the first input u,,.

error out contains error information. If error in indicates that an
error occurred before this VI or function ran, error out contains the
same error information. Otherwise, it describes the error status
that this VI or function produces. Right-click the error out front
panel indicator and select Explain Error from the shortcut menu
for more information about the error.

status is TRUE (X) if an error occurred or FALSE

(checkmark) to indicate a warning or that no error occurred.

code is the error or warning code. If status is TRUE, code
Is a nonzero error code. If status is FALSE, code is O or a
warning code.

source describes the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning.
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Nichols Graph Reference is a reference to the Nichols Plot on
an XY graph. Nichols Graph Reference configures the x-scale, y-
scale, and legend properties. If you want to use the default settings
or customize the settings for these properties, do not wire a value
to this input.

Zero-Pole-Gain Modelcontains a mathematical representation of
and information about the system for which this VI produces a
Nichols plot.

Frequency Vector specifies information about the frequencies this
VI uses to excite the model.

[ Frequency specifies the frequencies this VI uses to excite
the model.

Frequency Unit specifies the unit of measurement of the
Frequency array.

0|Hz—Specifies that the frequency is measured in hertz.

1 |rad/s (default)—Specifies that the frequency is
measured in radians per second.

error in describes error conditions that occur before this VI or
function runs. The default is no error. If an error occurred before
this VI or function runs, the VI or function passes the error in value
to error out. This VI or function runs normally only if no error
occurred before this VI or function runs. If an error occurs while
this VI or function runs, it runs normally and sets its own error
status in error out. Use the Simple Error Handler or General Error
Handler VIs to display the description of the error code. Use
exception control to treat what is normally an error as no error or to
treat a warning as an error. Use error in and error out to check
errors and to specify execution order by wiring error out from one
node to error in of the next node.
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status is TRUE (X) if an error occurred before this VI or
function ran or FALSE (checkmark) to indicate a warning or
that no error occurred before this VI or function ran. The
default is FALSE.

code is the error or warning code. The default is O. If status
is TRUE, code is a honzero error code. If status is FALSE,
code is 0 or a warning code.

source specifies the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning. The default is an empty string.

Plots Index is an array of clusters of the following two elements.

input # is the index number of the specific input to the
system. This VI displays the response to this input in the
Nichols Plot on an XY graph. The index is zero-based.

output # is the index number of the specific output of the
system that this VI displays in the Nichols Plot on an XY
graph. The index is zero-based.

Nichols Plot returns the magnitude (in decibels) of the frequency

response of the input system this VI plots against its phase (in
degrees). The Plots Index input determines which plots to display
on the XY graph. Right-click this terminal on the block diagram and
select Create»Indicator from the shortcut menu to display this
data in a CD Nichols Plot indicator.

Nichols Data returns information about the Nichols plot data. To
access the Nichols Data, use the CD Get Frequency Response
Data VI.

=] Frequency is a 1D-array of frequency values at which this
VI calculates the magnitude and phase.

B0l Magnitude (dB) is @ 3D-array. The jth column in the pth
page of the array is the magnitude of the transfer function
between the jth output and the pth input. For example, the
first two columns of the Oth page will be magnitudes of
transfer functions between outputs y, and y; and the first
input uy,.

[ |
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Phase (deg) is a 3D-array. The jth column in the pth page of
the array is the phase of the transfer function between the jth
output and the pth input. For example, the first two columns
of the Oth page will be the phase of transfer functions
between outputs y, and y; and the first input u,,.

error out contains error information. If error in indicates that an
error occurred before this VI or function ran, error out contains the
same error information. Otherwise, it describes the error status
that this VI or function produces. Right-click the error out front
panel indicator and select Explain Error from the shortcut menu
for more information about the error.

status is TRUE (X) if an error occurred or FALSE

(checkmark) to indicate a warning or that no error occurred.

code is the error or warning code. If status is TRUE, code
Is a nonzero error code. If status is FALSE, code is O or a
warning code.

source describes the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning.
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CD Nichols Detalils

This VI supports delays. Refer to the LabVIEW Control Design User
Manual for more information about delays.
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CD Nyquist VI

Owning Palette: Frequency Response VIs
Installed With: Control Design and Simulation Module

Produces the Nyquist plot of the input system for which this VI plots the
imaginary part of the frequency response against its real part. You can
display this data in the CD Nyquist Plot indicator. The data types you wire
to the State-Space Model and Frequency Info inputs determine the
polymorphic instance to use.

This VI converts state-space and zero-pole-gain models into transfer
function models before determining the frequency response.

Details
Use the pull-down menu to select an instance of this VI.

Select an instance -

u Place on the block diagram i Find on the Functions palette
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CD Nyquist (Frequency Range, State-Space)

Myquist Graph Reference ———
State-Space Model =) Myquist Plot

Frequency Range =f -@- — T T B
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Nyquist Graph Reference is a reference to the Nyquist Plot on
an XY graph. Nyquist Graph Reference configures the x-scale, y-
scale, and legend properties. If you want to use the default settings
or customize the settings for these properties, do not wire a value
to this input.

State-Space Model contains a mathematical representation of
and information about the system for which this VI produces a
Nyquist plot.

Frequency Range contains the frequency information of the
model.

= Initial frequency is the minimum frequency this VI uses in
calculating the frequency response and producing the plots.
The default is 1.

[ Final frequency is the maximum frequency this VI uses in
calculating the frequency response and producing the plots.
The default is 1.

Minimum number of points is the minimum number of
points this VI uses in calculating the frequency response
and producing the plots. The default is 100 points.

Frequency Unit specifies the units of frequency, either in
Hertz or radians/seconds, to use in calculating the
frequency response and producing the plots.

O|Hz
1|rad/s (default)

error in describes error conditions that occur before this VI or
function runs. The default is no error. If an error occurred before
this VI or function runs, the VI or function passes the error in value
to error out. This VI or function runs normally only if no error
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occurred before this VI or function runs. If an error occurs while
this VI or function runs, it runs normally and sets its own error
status in error out. Use the Simple Error Handler or General Error
Handler VIs to display the description of the error code. Use
exception control to treat what is normally an error as no error or to
treat a warning as an error. Use error in and error out to check
errors and to specify execution order by wiring error out from one
node to error in of the next node.

status is TRUE (X) if an error occurred before this VI or
function ran or FALSE (checkmark) to indicate a warning or
that no error occurred before this VI or function ran. The
default is FALSE.

code is the error or warning code. The default is O. If status
is TRUE, code is a honzero error code. If status is FALSE,
code is 0 or a warning code.

source specifies the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning. The default is an empty string.

Plots Index is an array of clusters of the following two elements.

input # is the index number of the specific input to the
system. This VI displays the response to this input in the
Nyquist Plot on an XY graph. The index is zero-based.

output # is the index number of the specific output of the
system that this VI displays in the Nyquist Plot on an XY
graph. The index is zero-based.

Nyquist Plot returns the imaginary part of the complex frequency
response of the input system this VI plots against its real part. The
Plots Index input determines which plots to display on the XY
graph. Right-click this terminal on the block diagram and select
Create»Indicator from the shortcut menu to display this data in a
CD Nyquist Plot indicator.

Nyquist Data returns information about the Nyquist plot data. To
access the Nyquist Data, use the CD Get Frequency Response
Data VI.

=] Frequency is a 1D-array of frequency values at which this
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VI calculates the magnitude and phase.

=] Real returns data about the frequency response of the real
part of the elements in the matrix H(w). The jth column in the
nth page of the array is the real part of the frequency
response of the transfer function between the jth output and
the pth input. For example, the first two columns of the Oth

page are real parts of frequency response of transfer
functions between outputs y, and y; and the first input u,.

=] Imaginary returns data about the frequency response of the
imaginary part of the elements in the matrix H(w). The jth
column in the pth page of the array is the imaginary part of

the frequency response of the transfer function between the
jth output and the pth input. For example, the first two

columns of the Oth page are imaginary parts of frequency
response of transfer functions between outputs y, and y;
and the first input u,.

error out contains error information. If error in indicates that an
error occurred before this VI or function ran, error out contains the
same error information. Otherwise, it describes the error status
that this VI or function produces. Right-click the error out front
panel indicator and select Explain Error from the shortcut menu
for more information about the error.

status is TRUE (X) if an error occurred or FALSE
(checkmark) to indicate a warning or that no error occurred.

code is the error or warning code. If status is TRUE, code
Is a nonzero error code. If status is FALSE, code is O or a
warning code.

source describes the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning.
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CD Nyquist (Frequency Range, Transfer Function)

Myquist Graph Reference ————
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Nyquist Graph Reference is a reference to the Nyquist Plot on
an XY graph. Nyquist Graph Reference configures the x-scale, y-
scale, and legend properties. If you want to use the default settings
or customize the settings for these properties, do not wire a value
to this input.

Transfer Function Model contains a mathematical representation
of and information about the system for which this VI produces a
Nyquist plot.

Frequency Range contains the frequency information of the
model.

= Initial frequency is the minimum frequency this VI uses in
calculating the frequency response and producing the plots.
The default is 1.

[ Final frequency is the maximum frequency this VI uses in
calculating the frequency response and producing the plots.
The default is 1.

Minimum number of points is the minimum number of
points this VI uses in calculating the frequency response
and producing the plots. The default is 100 points.

Frequency Unit specifies the units of frequency, either in
Hertz or radians/seconds, to use in calculating the
frequency response and producing the plots.

O|Hz
1|rad/s (default)

error in describes error conditions that occur before this VI or
function runs. The default is no error. If an error occurred before
this VI or function runs, the VI or function passes the error in value
to error out. This VI or function runs normally only if no error
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occurred before this VI or function runs. If an error occurs while
this VI or function runs, it runs normally and sets its own error
status in error out. Use the Simple Error Handler or General Error
Handler VIs to display the description of the error code. Use
exception control to treat what is normally an error as no error or to
treat a warning as an error. Use error in and error out to check
errors and to specify execution order by wiring error out from one
node to error in of the next node.

status is TRUE (X) if an error occurred before this VI or
function ran or FALSE (checkmark) to indicate a warning or
that no error occurred before this VI or function ran. The
default is FALSE.

code is the error or warning code. The default is O. If status
is TRUE, code is a honzero error code. If status is FALSE,
code is 0 or a warning code.

source specifies the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning. The default is an empty string.

Plots Index is an array of clusters of the following two elements.

input # is the index number of the specific input to the
system. This VI displays the response to this input in the
Nyquist Plot on an XY graph. The index is zero-based.

output # is the index number of the specific output of the
system that this VI displays in the Nyquist Plot on an XY
graph. The index is zero-based.

Nyquist Plot returns the imaginary part of the complex frequency
response of the input system this VI plots against its real part. The
Plots Index input determines which plots to display on the XY
graph. Right-click this terminal on the block diagram and select
Create»Indicator from the shortcut menu to display this data in a
CD Nyquist Plot indicator.

Nyquist Data returns information about the Nyquist plot data. To
access the Nyquist Data, use the CD Get Frequency Response
Data VI.

=] Frequency is a 1D-array of frequency values at which this
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VI calculates the magnitude and phase.

=] Real returns data about the frequency response of the real
part of the elements in the matrix H(w). The jth column in the
nth page of the array is the real part of the frequency
response of the transfer function between the jth output and
the pth input. For example, the first two columns of the Oth

page are real parts of frequency response of transfer
functions between outputs y, and y; and the first input u,.

=] Imaginary returns data about the frequency response of the
imaginary part of the elements in the matrix H(w). The jth
column in the pth page of the array is the imaginary part of

the frequency response of the transfer function between the
jth output and the pth input. For example, the first two

columns of the Oth page are imaginary parts of frequency
response of transfer functions between outputs y, and y;
and the first input u,.

error out contains error information. If error in indicates that an
error occurred before this VI or function ran, error out contains the
same error information. Otherwise, it describes the error status
that this VI or function produces. Right-click the error out front
panel indicator and select Explain Error from the shortcut menu
for more information about the error.

status is TRUE (X) if an error occurred or FALSE
(checkmark) to indicate a warning or that no error occurred.

code is the error or warning code. If status is TRUE, code
Is a nonzero error code. If status is FALSE, code is O or a
warning code.

source describes the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning.
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Nyquist Graph Reference is a reference to the Nyquist Plot on
an XY graph. Nyquist Graph Reference configures the x-scale, y-
scale, and legend properties. If you want to use the default settings
or customize the settings for these properties, do not wire a value
to this input.

Zero-Pole-Gain Model contains a mathematical representation of
and information about the system for which this VI produces a
Nyquist plot.

Frequency Range contains the frequency information of the
model.

= Initial frequency is the minimum frequency this VI uses in
calculating the frequency response and producing the plots.
The default is 1.

[ Final frequency is the maximum frequency this VI uses in
calculating the frequency response and producing the plots.
The default is 1.

Minimum number of points is the minimum number of
points this VI uses in calculating the frequency response
and producing the plots. The default is 100 points.

Frequency Unit specifies the units of frequency, either in
Hertz or radians/seconds, to use in calculating the
frequency response and producing the plots.

O|Hz
1|rad/s (default)

error in describes error conditions that occur before this VI or
function runs. The default is no error. If an error occurred before
this VI or function runs, the VI or function passes the error in value
to error out. This VI or function runs normally only if no error
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occurred before this VI or function runs. If an error occurs while
this VI or function runs, it runs normally and sets its own error
status in error out. Use the Simple Error Handler or General Error
Handler VIs to display the description of the error code. Use
exception control to treat what is normally an error as no error or to
treat a warning as an error. Use error in and error out to check
errors and to specify execution order by wiring error out from one
node to error in of the next node.

status is TRUE (X) if an error occurred before this VI or
function ran or FALSE (checkmark) to indicate a warning or
that no error occurred before this VI or function ran. The
default is FALSE.

code is the error or warning code. The default is O. If status
is TRUE, code is a honzero error code. If status is FALSE,
code is 0 or a warning code.

source specifies the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning. The default is an empty string.

Plots Index is an array of clusters of the following two elements.

input # is the index number of the specific input to the
system. This VI displays the response to this input in the
Nyquist Plot on an XY graph. The index is zero-based.

output # is the index number of the specific output of the
system that this VI displays in the Nyquist Plot on an XY
graph. The index is zero-based.

Nyquist Plot returns the imaginary part of the complex frequency
response of the input system this VI plots against its real part. The
Plots Index input determines which plots to display on the XY
graph. Right-click this terminal on the block diagram and select
Create»Indicator from the shortcut menu to display this data in a
CD Nyquist Plot indicator.

Nyquist Data returns information about the Nyquist plot data. To
access the Nyquist Data, use the CD Get Frequency Response
Data VI.

=] Frequency is a 1D-array of frequency values at which this
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VI calculates the magnitude and phase.

=] Real returns data about the frequency response of the real
part of the elements in the matrix H(w). The jth column in the
nth page of the array is the real part of the frequency
response of the transfer function between the jth output and
the pth input. For example, the first two columns of the Oth

page are real parts of frequency response of transfer
functions between outputs y, and y; and the first input u,.

=] Imaginary returns data about the frequency response of the
imaginary part of the elements in the matrix H(w). The jth
column in the pth page of the array is the imaginary part of

the frequency response of the transfer function between the
jth output and the pth input. For example, the first two

columns of the Oth page are imaginary parts of frequency
response of transfer functions between outputs y, and y;
and the first input u,.

error out contains error information. If error in indicates that an
error occurred before this VI or function ran, error out contains the
same error information. Otherwise, it describes the error status
that this VI or function produces. Right-click the error out front
panel indicator and select Explain Error from the shortcut menu
for more information about the error.

status is TRUE (X) if an error occurred or FALSE
(checkmark) to indicate a warning or that no error occurred.

code is the error or warning code. If status is TRUE, code
Is a nonzero error code. If status is FALSE, code is O or a
warning code.

source describes the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning.
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Plots Index

Nyquist Graph Reference is a reference to the Nyquist Plot on
an XY graph. Nyquist Graph Reference configures the x-scale, y-
scale, and legend properties. If you want to use the default settings
or customize the settings for these properties, do not wire a value
to this input.

State-Space Model contains a mathematical representation of
and information about the system for which this VI produces a
Nyquist plot.

Frequency Vector specifies information about the frequencies this
VI uses to excite the model.

[ Frequency specifies the frequencies this VI uses to excite
the model.

Frequency Unit specifies the unit of measurement of the
Frequency array.

0|Hz—Specifies that the frequency is measured in hertz.

1 |rad/s (default)—Specifies that the frequency is
measured in radians per second.

error in describes error conditions that occur before this VI or
function runs. The default is no error. If an error occurred before
this VI or function runs, the VI or function passes the error in value
to error out. This VI or function runs normally only if no error
occurred before this VI or function runs. If an error occurs while
this VI or function runs, it runs normally and sets its own error
status in error out. Use the Simple Error Handler or General Error
Handler VIs to display the description of the error code. Use
exception control to treat what is normally an error as no error or to
treat a warning as an error. Use error in and error out to check
errors and to specify execution order by wiring error out from one
node to error in of the next node.
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status is TRUE (X) if an error occurred before this VI or
function ran or FALSE (checkmark) to indicate a warning or
that no error occurred before this VI or function ran. The
default is FALSE.

code is the error or warning code. The default is O. If status
is TRUE, code is a honzero error code. If status is FALSE,
code is 0 or a warning code.

source specifies the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning. The default is an empty string.

Plots Index is an array of clusters of the following two elements.

input # is the index number of the specific input to the
system. This VI displays the response to this input in the
Nyquist Plot on an XY graph. The index is zero-based.

output # is the index number of the specific output of the
system that this VI displays in the Nyquist Plot on an XY
graph. The index is zero-based.

Nyquist Plot returns the imaginary part of the complex frequency
response of the input system this VI plots against its real part. The
Plots Index input determines which plots to display on the XY
graph. Right-click this terminal on the block diagram and select
Create»Indicator from the shortcut menu to display this data in a
CD Nyquist Plot indicator.

Nyquist Data returns information about the Nyquist plot data. To
access the Nyquist Data, use the CD Get Frequency Response
Data VI.
=] Frequency is a 1D-array of frequency values at which this

VI calculates the magnitude and phase.

[ |

el Real returns data about the frequency response of the real
part of the elements in the matrix H(w). The jth column in the

nth page of the array is the real part of the frequency
response of the transfer function between the jth output and
the pth input. For example, the first two columns of the Oth

page are real parts of frequency response of transfer
functions between outputs y, and y; and the first input u,.
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=] Imaginary returns data about the frequency response of the
imaginary part of the elements in the matrix H(w). The jth
column in the pth page of the array is the imaginary part of

the frequency response of the transfer function between the
jth output and the pth input. For example, the first two

columns of the Oth page are imaginary parts of frequency
response of transfer functions between outputs y, and y;
and the first input u,.

error out contains error information. If error in indicates that an
error occurred before this VI or function ran, error out contains the
same error information. Otherwise, it describes the error status
that this VI or function produces. Right-click the error out front
panel indicator and select Explain Error from the shortcut menu
for more information about the error.

status is TRUE (X) if an error occurred or FALSE
(checkmark) to indicate a warning or that no error occurred.

code is the error or warning code. If status is TRUE, code
is a nonzero error code. If status is FALSE, code is O or a
warning code.

source describes the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning.
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Nyquist Graph Reference is a reference to the Nyquist Plot on
an XY graph. Nyquist Graph Reference configures the x-scale, y-
scale, and legend properties. If you want to use the default settings
or customize the settings for these properties, do not wire a value
to this input.

Transfer Function Model contains a mathematical representation
of and information about the system for which this VI produces a
Nyquist plot.

Frequency Vector specifies information about the frequencies this
VI uses to excite the model.

[ Frequency specifies the frequencies this VI uses to excite
the model.

Frequency Unit specifies the unit of measurement of the
Frequency array.

0|Hz—Specifies that the frequency is measured in hertz.

1 |rad/s (default)—Specifies that the frequency is
measured in radians per second.

error in describes error conditions that occur before this VI or
function runs. The default is no error. If an error occurred before
this VI or function runs, the VI or function passes the error in value
to error out. This VI or function runs normally only if no error
occurred before this VI or function runs. If an error occurs while
this VI or function runs, it runs normally and sets its own error
status in error out. Use the Simple Error Handler or General Error
Handler VIs to display the description of the error code. Use
exception control to treat what is normally an error as no error or to
treat a warning as an error. Use error in and error out to check
errors and to specify execution order by wiring error out from one
node to error in of the next node.
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status is TRUE (X) if an error occurred before this VI or
function ran or FALSE (checkmark) to indicate a warning or
that no error occurred before this VI or function ran. The
default is FALSE.

code is the error or warning code. The default is O. If status
is TRUE, code is a honzero error code. If status is FALSE,
code is 0 or a warning code.

source specifies the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning. The default is an empty string.

Plots Index is an array of clusters of the following two elements.

input # is the index number of the specific input to the
system. This VI displays the response to this input in the
Nyquist Plot on an XY graph. The index is zero-based.

output # is the index number of the specific output of the
system that this VI displays in the Nyquist Plot on an XY
graph. The index is zero-based.

Nyquist Plot returns the imaginary part of the complex frequency
response of the input system this VI plots against its real part. The
Plots Index input determines which plots to display on the XY
graph. Right-click this terminal on the block diagram and select
Create»Indicator from the shortcut menu to display this data in a
CD Nyquist Plot indicator.

Nyquist Data returns information about the Nyquist plot data. To
access the Nyquist Data, use the CD Get Frequency Response
Data VI.
=] Frequency is a 1D-array of frequency values at which this

VI calculates the magnitude and phase.

[ |

el Real returns data about the frequency response of the real
part of the elements in the matrix H(w). The jth column in the

nth page of the array is the real part of the frequency
response of the transfer function between the jth output and
the pth input. For example, the first two columns of the Oth

page are real parts of frequency response of transfer
functions between outputs y, and y; and the first input u,.
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=] Imaginary returns data about the frequency response of the
imaginary part of the elements in the matrix H(w). The jth
column in the pth page of the array is the imaginary part of

the frequency response of the transfer function between the
jth output and the pth input. For example, the first two

columns of the Oth page are imaginary parts of frequency
response of transfer functions between outputs y, and y;
and the first input u,.

error out contains error information. If error in indicates that an
error occurred before this VI or function ran, error out contains the
same error information. Otherwise, it describes the error status
that this VI or function produces. Right-click the error out front
panel indicator and select Explain Error from the shortcut menu
for more information about the error.

status is TRUE (X) if an error occurred or FALSE
(checkmark) to indicate a warning or that no error occurred.

code is the error or warning code. If status is TRUE, code
is a nonzero error code. If status is FALSE, code is O or a
warning code.

source describes the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning.
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Nyquist Graph Reference is a reference to the Nyquist Plot on
an XY graph. Nyquist Graph Reference configures the x-scale, y-
scale, and legend properties. If you want to use the default settings
or customize the settings for these properties, do not wire a value
to this input.

Zero-Pole-Gain Model contains a mathematical representation of
and information about the system for which this VI produces a
Nyquist plot.

Frequency Vector specifies information about the frequencies this
VI uses to excite the model.

[ Frequency specifies the frequencies this VI uses to excite
the model.

Frequency Unit specifies the unit of measurement of the
Frequency array.

0|Hz—Specifies that the frequency is measured in hertz.

1 |rad/s (default)—Specifies that the frequency is
measured in radians per second.

error in describes error conditions that occur before this VI or
function runs. The default is no error. If an error occurred before
this VI or function runs, the VI or function passes the error in value
to error out. This VI or function runs normally only if no error
occurred before this VI or function runs. If an error occurs while
this VI or function runs, it runs normally and sets its own error
status in error out. Use the Simple Error Handler or General Error
Handler VIs to display the description of the error code. Use
exception control to treat what is normally an error as no error or to
treat a warning as an error. Use error in and error out to check
errors and to specify execution order by wiring error out from one
node to error in of the next node.
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status is TRUE (X) if an error occurred before this VI or
function ran or FALSE (checkmark) to indicate a warning or
that no error occurred before this VI or function ran. The
default is FALSE.

code is the error or warning code. The default is O. If status
is TRUE, code is a honzero error code. If status is FALSE,
code is 0 or a warning code.

source specifies the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning. The default is an empty string.

Plots Index is an array of clusters of the following two elements.

input # is the index number of the specific input to the
system. This VI displays the response to this input in the
Nyquist Plot on an XY graph. The index is zero-based.

output # is the index number of the specific output of the
system that this VI displays in the Nyquist Plot on an XY
graph. The index is zero-based.

Nyquist Plot returns the imaginary part of the complex frequency
response of the input system this VI plots against its real part. The
Plots Index input determines which plots to display on the XY
graph. Right-click this terminal on the block diagram and select
Create»Indicator from the shortcut menu to display this data in a
CD Nyquist Plot indicator.

Nyquist Data returns information about the Nyquist plot data. To
access the Nyquist Data, use the CD Get Frequency Response
Data VI.
=] Frequency is a 1D-array of frequency values at which this

VI calculates the magnitude and phase.

[ |

el Real returns data about the frequency response of the real
part of the elements in the matrix H(w). The jth column in the

nth page of the array is the real part of the frequency
response of the transfer function between the jth output and
the pth input. For example, the first two columns of the Oth

page are real parts of frequency response of transfer
functions between outputs y, and y; and the first input u,.
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=] Imaginary returns data about the frequency response of the
imaginary part of the elements in the matrix H(w). The jth
column in the pth page of the array is the imaginary part of

the frequency response of the transfer function between the
jth output and the pth input. For example, the first two

columns of the Oth page are imaginary parts of frequency
response of transfer functions between outputs y, and y;
and the first input u,.

error out contains error information. If error in indicates that an
error occurred before this VI or function ran, error out contains the
same error information. Otherwise, it describes the error status
that this VI or function produces. Right-click the error out front
panel indicator and select Explain Error from the shortcut menu
for more information about the error.

status is TRUE (X) if an error occurred or FALSE
(checkmark) to indicate a warning or that no error occurred.

code is the error or warning code. If status is TRUE, code
is a nonzero error code. If status is FALSE, code is O or a
warning code.

source describes the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning.
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CD Nyquist Details

This VI supports delays. Refer to the LabVIEW Control Design User
Manual for more information about delays.
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CD Singular Values VI

Owning Palette: Frequency Response VIs
Installed With: Control Design and Simulation Module

Calculates the singular values of the frequency response of the input
model. The data types you wire to the State-Space Model and
Frequency Info inputs determine the polymorphic instance to use.

This VI converts transfer function and zero-pole-gain models into state-
space models before determining the singular values.

Details
Use the pull-down menu to select an instance of this VI.

Select an instance -~

u Place on the block diagram i Find on the Functions palette
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CD Singular Values (Frequency Range, State-Space)

Singular Yalues Plot Reference ————
State-Space Model =)

Frequency Range =f i% Singular Yalues Data

Error in (no error)

Singular Yalues Plok

Type ] H E=grror out

Singular Values Plot Reference is a reference to the Singular
Values Plot. Singular Values Plot Reference configures the x-
scale, y-scale, and legend properties. If you want to use the default
settings or customize the settings for these properties, do not wire
a value to this input.

State-Space Model contains a mathematical representation of
and information about the system for which this VI determines the
frequency response singular values.

Frequency Range contains the frequency information of the
model.

e

_

calculating the frequency response and producing the plots.
The default is 1.

Final frequency is the maximum frequency this VI uses in
calculating the frequency response and producing the plots.
The default is 1.

Minimum number of points is the minimum number of
points this VI uses in calculating the frequency response
and producing the plots. The default is 100 points.

Frequency Unit specifies the units of frequency, either in
Hertz or radians/seconds, to use in calculating the
frequency response and producing the plots.

O|Hz
1|rad/s (default)

Type specifies what type of singular value decomposition to
perform.

O|H (default)—Calculates the singular value decomposition of H
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1 |I+H—Calculates the singular value decomposition of I+H
2|inverse(H)—Calculates the singular value decomposition of H-1

3|1 + inverse(H)—Calculates the singular value decomposition of
l+H-1

error in describes error conditions that occur before this VI or

function runs. The default is no error. If an error occurred before
this VI or function runs, the VI or function passes the error in value
to error out. This VI or function runs normally only if no error
occurred before this VI or function runs. If an error occurs while
this VI or function runs, it runs normally and sets its own error
status in error out. Use the Simple Error Handler or General Error
Handler VIs to display the description of the error code. Use
exception control to treat what is normally an error as no error or to
treat a warning as an error. Use error in and error out to check
errors and to specify execution order by wiring error out from one
node to error in of the next node.

status is TRUE (X) if an error occurred before this VI or
function ran or FALSE (checkmark) to indicate a warning or
that no error occurred before this VI or function ran. The
default is FALSE.

code is the error or warning code. The default is O. If status
is TRUE, code is a honzero error code. If status is FALSE,
code is 0 or a warning code.

source specifies the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning. The default is an empty string.

Singular Values Plot plots the singular values (in decibels) of the
frequency response of the system against a set of frequencies.

Singular Values Data returns information about the singular
values data. To access the Singular Values Data, use the CD Get
Frequency Response Data VI.

=] Frequency is a 1D-array of frequency values at which this
VI determines the singular values.

[teoet | Singular Values is a 2D-array. The jt" column of this array
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contains the data for the jth singular value as a function of
frequency.

error out contains error information. If error in indicates that an
error occurred before this VI or function ran, error out contains the
same error information. Otherwise, it describes the error status
that this VI or function produces. Right-click the error out front
panel indicator and select Explain Error from the shortcut menu
for more information about the error.

status is TRUE (X) if an error occurred or FALSE
(checkmark) to indicate a warning or that no error occurred.

code is the error or warning code. If status is TRUE, code
Is a nonzero error code. If status is FALSE, code is O or a
warning code.

source describes the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning.
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CD Singular Values (Frequency Range, Transfer Function)

Singular Yalues Plok Reference —|
Transfer Function Model Singular Yalues Plok

Frequency REI'IEIE ok "Eu Singular Yalues Data

Error in (no error)

T’:-"F'E H E=grror out

Singular Values Plot Reference is a reference to the Singular
Values Plot. Singular Values Plot Reference configures the x-
scale, y-scale, and legend properties. If you want to use the default
settings or customize the settings for these properties, do not wire
a value to this input.

Transfer Function Model contains a mathematical representation
of and information about the system for which this VI determines
the frequency response singular values.

Frequency Range contains the frequency information of the
model.

‘.--_.-“n.i

_

calculatlng the frequency response and producing the plots.
The default is —1.

Final frequency is the maximum frequency this VI uses in
calculating the frequency response and producing the plots.
The default is 1.

Minimum number of points is the minimum number of
points this VI uses in calculating the frequency response
and producing the plots. The default is 100 points.

Frequency Unit specifies the units of frequency, either in
Hertz or radians/seconds, to use in calculating the
frequency response and producing the plots.

O|Hz
1|rad/s (default)

Type specifies what type of singular value decomposition to
perform.

O|H (default)—Calculates the singular value decomposition of H
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1 |I+H—Calculates the singular value decomposition of I+H
2|inverse(H)—Calculates the singular value decomposition of H-1

3|1 + inverse(H)—Calculates the singular value decomposition of
l+H-1

error in describes error conditions that occur before this VI or

function runs. The default is no error. If an error occurred before
this VI or function runs, the VI or function passes the error in value
to error out. This VI or function runs normally only if no error
occurred before this VI or function runs. If an error occurs while
this VI or function runs, it runs normally and sets its own error
status in error out. Use the Simple Error Handler or General Error
Handler VIs to display the description of the error code. Use
exception control to treat what is normally an error as no error or to
treat a warning as an error. Use error in and error out to check
errors and to specify execution order by wiring error out from one
node to error in of the next node.

status is TRUE (X) if an error occurred before this VI or
function ran or FALSE (checkmark) to indicate a warning or
that no error occurred before this VI or function ran. The
default is FALSE.

code is the error or warning code. The default is O. If status
is TRUE, code is a honzero error code. If status is FALSE,
code is 0 or a warning code.

source specifies the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning. The default is an empty string.

Singular Values Plot plots the singular values (in decibels) of the
frequency response of the system against a set of frequencies.

Singular Values Data returns information about the singular
values data. To access the Singular Values Data, use the CD Get
Frequency Response Data VI.

=] Frequency is a 1D-array of frequency values at which this
VI determines the singular values.

[teoet | Singular Values is a 2D-array. The jt" column of this array
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contains the data for the jth singular value as a function of
frequency.

error out contains error information. If error in indicates that an
error occurred before this VI or function ran, error out contains the
same error information. Otherwise, it describes the error status
that this VI or function produces. Right-click the error out front
panel indicator and select Explain Error from the shortcut menu
for more information about the error.

status is TRUE (X) if an error occurred or FALSE
(checkmark) to indicate a warning or that no error occurred.

code is the error or warning code. If status is TRUE, code
Is a nonzero error code. If status is FALSE, code is O or a
warning code.

source describes the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning.
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CD Singular Values (Frequency Range, Zero-Pole-Gain)

Singular Yalues Plok Reference —|
Zero-Pole-Gain Model Singular Yalues Plok

Frequency REI'IEIE ok "Eu Singular Yalues Data

Error in (no error)

T’:-"F'E H E=grror out

Singular Values Plot Reference is a reference to the Singular
Values Plot. Singular Values Plot Reference configures the x-
scale, y-scale, and legend properties. If you want to use the default
settings or customize the settings for these properties, do not wire
a value to this input.

Zero-Pole-Gain Model contains a mathematical representation of
and information about the system for which this VI determines the
frequency response singular values.

Frequency Range contains the frequency information of the
model.

‘.--_.-“n.i

_

calculatlng the frequency response and producing the plots.
The default is —1.

Final frequency is the maximum frequency this VI uses in
calculating the frequency response and producing the plots.
The default is 1.

Minimum number of points is the minimum number of
points this VI uses in calculating the frequency response
and producing the plots. The default is 100 points.

Frequency Unit specifies the units of frequency, either in
Hertz or radians/seconds, to use in calculating the
frequency response and producing the plots.

O|Hz
1|rad/s (default)

Type specifies what type of singular value decomposition to
perform.

O|H (default)—Calculates the singular value decomposition of H
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1 |I+H—Calculates the singular value decomposition of I+H
2|inverse(H)—Calculates the singular value decomposition of H-1

3|1 + inverse(H)—Calculates the singular value decomposition of
l+H-1

error in describes error conditions that occur before this VI or

function runs. The default is no error. If an error occurred before
this VI or function runs, the VI or function passes the error in value
to error out. This VI or function runs normally only if no error
occurred before this VI or function runs. If an error occurs while
this VI or function runs, it runs normally and sets its own error
status in error out. Use the Simple Error Handler or General Error
Handler VIs to display the description of the error code. Use
exception control to treat what is normally an error as no error or to
treat a warning as an error. Use error in and error out to check
errors and to specify execution order by wiring error out from one
node to error in of the next node.

status is TRUE (X) if an error occurred before this VI or
function ran or FALSE (checkmark) to indicate a warning or
that no error occurred before this VI or function ran. The
default is FALSE.

code is the error or warning code. The default is O. If status
is TRUE, code is a honzero error code. If status is FALSE,
code is 0 or a warning code.

source specifies the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning. The default is an empty string.

Singular Values Plot plots the singular values (in decibels) of the
frequency response of the system against a set of frequencies.

Singular Values Data returns information about the singular
values data. To access the Singular Values Data, use the CD Get
Frequency Response Data VI.

=] Frequency is a 1D-array of frequency values at which this
VI determines the singular values.

[teoet | Singular Values is a 2D-array. The jt" column of this array
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contains the data for the jth singular value as a function of
frequency.

error out contains error information. If error in indicates that an
error occurred before this VI or function ran, error out contains the
same error information. Otherwise, it describes the error status
that this VI or function produces. Right-click the error out front
panel indicator and select Explain Error from the shortcut menu
for more information about the error.

status is TRUE (X) if an error occurred or FALSE
(checkmark) to indicate a warning or that no error occurred.

code is the error or warning code. If status is TRUE, code
Is a nonzero error code. If status is FALSE, code is O or a
warning code.

source describes the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning.
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CD Singular Values (Frequency Vector, State-Space)

Singular Yalues Plok Reference —|

State-Space Model Singular Yalues Plok

Frequency Yeckor “I m% Singular Malues Data

T’:-"F'E H E=grror oot
Error in (no error)

Singular Values Plot Reference is a reference to the Singular
Values Plot. Singular Values Plot Reference configures the x-
scale, y-scale, and legend properties. If you want to use the default
settings or customize the settings for these properties, do not wire
a value to this input.

State-Space Model contains a mathematical representation of
and information about the system for which this VI determines the
frequency response singular values.

Frequency Vector specifies information about the frequencies this
VI uses to excite the model.

aaaaaaaaa

(=¥ Frequency specifies the frequencies this VI uses to excite
the model.

Frequency Unit specifies the unit of measurement of the
Frequency array.

0|Hz—Specifies that the frequency is measured in hertz.

1 |rad/s (default)—Specifies that the frequency is
measured in radians per second.

Type specifies what type of singular value decomposition to
perform.

H (default)}—Calculates the singular value decomposition of H
I+H—Calculates the singular value decomposition of I+H

0
1
2|inverse(H)—Calculates the singular value decomposition of H-1
3

I + inverse(H)—Calculates the singular value decomposition of
l+H-1

error in describes error conditions that occur before this VI or
function runs. The default is no error. If an error occurred before
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this VI or function runs, the VI or function passes the error in value
to error out. This VI or function runs normally only if no error
occurred before this VI or function runs. If an error occurs while
this VI or function runs, it runs normally and sets its own error
status in error out. Use the Simple Error Handler or General Error
Handler VIs to display the description of the error code. Use
exception control to treat what is normally an error as no error or to
treat a warning as an error. Use error in and error out to check
errors and to specify execution order by wiring error out from one
node to error in of the next node.

status is TRUE (X) if an error occurred before this VI or
function ran or FALSE (checkmark) to indicate a warning or
that no error occurred before this VI or function ran. The
default is FALSE.

code is the error or warning code. The default is O. If status
is TRUE, code is a honzero error code. If status is FALSE,
code is 0 or a warning code.

source specifies the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning. The default is an empty string.

Singular Values Plot plots the singular values (in decibels) of the
frequency response of the system against a set of frequencies.

Singular Values Data returns information about the singular
values data. To access the Singular Values Data, use the CD Get
Frequency Response Data VI.

=] Frequency is a 1D-array of frequency values at which this
VI determines the singular values.

[ZC1 Singular Values is a 2D-array. The jt" column of this array
contains the data for the jth singular value as a function of
frequency.

error out contains error information. If error in indicates that an
error occurred before this VI or function ran, error out contains the
same error information. Otherwise, it describes the error status
that this VI or function produces. Right-click the error out front
panel indicator and select Explain Error from the shortcut menu
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for more information about the error.

status is TRUE (X) if an error occurred or FALSE
(checkmark) to indicate a warning or that no error occurred.

code is the error or warning code. If status is TRUE, code
Is a nonzero error code. If status is FALSE, code is O or a
warning code.

source describes the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning.
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CD Singular Values (Frequency Vector, Transfer Function)

Singular Yalues Plok Reference —|
Transfer Function Model Singular Yalues Plok

Frequency Yeckor “I m% Singular Malues Data

T’:-"F'E H E=grror oot
Error in (no error)

Singular Values Plot Reference is a reference to the Singular
Values Plot. Singular Values Plot Reference configures the x-
scale, y-scale, and legend properties. If you want to use the default
settings or customize the settings for these properties, do not wire
a value to this input.

Transfer Function Model contains a mathematical representation
of and information about the system for which this VI determines
the frequency response singular values.

Frequency Vector specifies information about the frequencies this
VI uses to excite the model.

aaaaaaaaa

(=¥ Frequency specifies the frequencies this VI uses to excite
the model.

Frequency Unit specifies the unit of measurement of the
Frequency array.

0|Hz—Specifies that the frequency is measured in hertz.

1 |rad/s (default)—Specifies that the frequency is
measured in radians per second.

Type specifies what type of singular value decomposition to
perform.

O|H (default)—Calculates the singular value decomposition of H

1 |I+H—Calculates the singular value decomposition of I+H
2|inverse(H)—Calculates the singular value decomposition of H-1
3

I + inverse(H)—Calculates the singular value decomposition of
l+H-1

error in describes error conditions that occur before this VI or
function runs. The default is no error. If an error occurred before
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this VI or function runs, the VI or function passes the error in value
to error out. This VI or function runs normally only if no error
occurred before this VI or function runs. If an error occurs while
this VI or function runs, it runs normally and sets its own error
status in error out. Use the Simple Error Handler or General Error
Handler VIs to display the description of the error code. Use
exception control to treat what is normally an error as no error or to
treat a warning as an error. Use error in and error out to check
errors and to specify execution order by wiring error out from one
node to error in of the next node.

status is TRUE (X) if an error occurred before this VI or
function ran or FALSE (checkmark) to indicate a warning or
that no error occurred before this VI or function ran. The
default is FALSE.

code is the error or warning code. The default is O. If status
is TRUE, code is a honzero error code. If status is FALSE,
code is 0 or a warning code.

source specifies the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning. The default is an empty string.

Singular Values Plot plots the singular values (in decibels) of the
frequency response of the system against a set of frequencies.

Singular Values Data returns information about the singular
values data. To access the Singular Values Data, use the CD Get
Frequency Response Data VI.

=] Frequency is a 1D-array of frequency values at which this
VI determines the singular values.

[ZC1 Singular Values is a 2D-array. The jt" column of this array
contains the data for the jth singular value as a function of
frequency.

error out contains error information. If error in indicates that an
error occurred before this VI or function ran, error out contains the
same error information. Otherwise, it describes the error status
that this VI or function produces. Right-click the error out front
panel indicator and select Explain Error from the shortcut menu
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for more information about the error.

status is TRUE (X) if an error occurred or FALSE
(checkmark) to indicate a warning or that no error occurred.

code is the error or warning code. If status is TRUE, code
Is a nonzero error code. If status is FALSE, code is O or a
warning code.

source describes the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning.
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CD Singular Values (Frequency Vector, Zero-Pole-Gain)

Singular Yalues Plok Reference —|
Zero-Pole-Gain Model Singular Yalues Plok

Frequency Yeckor “I m% Singular Malues Data

T’:-"F'E H E=grror oot
Error in (no error)

Singular Values Plot Reference is a reference to the Singular
Values Plot. Singular Values Plot Reference configures the x-
scale, y-scale, and legend properties. If you want to use the default
settings or customize the settings for these properties, do not wire
a value to this input.

Zero-Pole-Gain Model contains a mathematical representation of
and information about the system for which this VI determines the
frequency response singular values.

Frequency Vector specifies information about the frequencies this
VI uses to excite the model.

aaaaaaaaa

(=¥ Frequency specifies the frequencies this VI uses to excite
the model.

Frequency Unit specifies the unit of measurement of the
Frequency array.

0|Hz—Specifies that the frequency is measured in hertz.

1 |rad/s (default)—Specifies that the frequency is
measured in radians per second.

Type specifies what type of singular value decomposition to
perform.

H (default)}—Calculates the singular value decomposition of H
I+H—Calculates the singular value decomposition of I+H

0
1
2|inverse(H)—Calculates the singular value decomposition of H-1
3

I + inverse(H)—Calculates the singular value decomposition of
l+H-1

error in describes error conditions that occur before this VI or
function runs. The default is no error. If an error occurred before
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this VI or function runs, the VI or function passes the error in value
to error out. This VI or function runs normally only if no error
occurred before this VI or function runs. If an error occurs while
this VI or function runs, it runs normally and sets its own error
status in error out. Use the Simple Error Handler or General Error
Handler VIs to display the description of the error code. Use
exception control to treat what is normally an error as no error or to
treat a warning as an error. Use error in and error out to check
errors and to specify execution order by wiring error out from one
node to error in of the next node.

status is TRUE (X) if an error occurred before this VI or
function ran or FALSE (checkmark) to indicate a warning or
that no error occurred before this VI or function ran. The
default is FALSE.

code is the error or warning code. The default is O. If status
is TRUE, code is a honzero error code. If status is FALSE,
code is 0 or a warning code.

source specifies the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning. The default is an empty string.

Singular Values Plot plots the singular values (in decibels) of the
frequency response of the system against a set of frequencies.

Singular Values Data returns information about the singular
values data. To access the Singular Values Data, use the CD Get
Frequency Response Data VI.

=] Frequency is a 1D-array of frequency values at which this
VI determines the singular values.

[ZC1 Singular Values is a 2D-array. The jt" column of this array
contains the data for the jth singular value as a function of
frequency.

error out contains error information. If error in indicates that an
error occurred before this VI or function ran, error out contains the
same error information. Otherwise, it describes the error status
that this VI or function produces. Right-click the error out front
panel indicator and select Explain Error from the shortcut menu
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for more information about the error.

status is TRUE (X) if an error occurred or FALSE
(checkmark) to indicate a warning or that no error occurred.

code is the error or warning code. If status is TRUE, code
Is a nonzero error code. If status is FALSE, code is O or a
warning code.

source describes the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning.
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CD Singular Values Details

This VI supports delays. Refer to the LabVIEW Control Design User
Manual for more information about delays.
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Implementation Vis and Functions

Owning Palette: Control Design VIs and Functions

Installed With: Control Design and Simulation Module. This topic might
not match its corresponding palette in LabVIEW depending on your
operating system, licensed product(s), and target.

Use the Implementation VIs and functions to simulate the dynamic
response of a discrete system model, deploy a discrete model to a real-

time target, implement a discrete Kalman filter, and implement current

and predictive observers.

g?oljzt:: Description

CD Implements a discrete-time, linear time-variant, recursive

Discrete |Kalman filter. You define the system by specifying the

Kalman |[stochastic state-space model and noise model as well as the

Filter inputs and outputs to the system. The CD Discrete Kalman
Filter function calculates the predicted state estimates
xhat(k+1|k), the corrected state estimates xhat(k|k), the
corresponding gains used to calculate these estimates, and
the associated estimation error covariances corresponding to
these estimates. This function also calculates the estimated
output yhat(k).

CD Implements a discrete-time observer for a linear state-space

Discrete |system model.

Observer

CD Implements a system model in discrete state-space form.

Discrete |You define the system model by specifying the input, output,

State- state, and direct transmission matrices.

Space

CD Implements a discrete-time, linear, stochastic state-space

Discrete |system. You define the system model by specifying the input,

Stochastic|output, state, and direct transmission matrices. You also

State- specify the matrices relating the process noise to the system

Space states and outputs.

CD Implements a system model in discrete transfer function

Discrete |form. You define the system model by specifying the



lvctrldsgn.chm::/control_design_VIs.html
lvctrldsgn.chm::/CD_DiscKalmanFilter.html
lvctrldsgn.chm::/CD_DiscObserver.html
lvctrldsgn.chm::/CD_DiscSS.html
lvctrldsgn.chm::/CD_DiscStochSS.html
lvctrldsgn.chm::/CD_DiscTransFunc.html

Transfer |Numerator and Denominator of the transfer function
Function |equation.

CD Implements a system model in discrete zero-pole-gain form.
Discrete |You define the system model by specifying the Zeros, Poles,
Zero- and Gain of the zero-pole-gain equation.

Pole-Gain

CD State |Implements a state-space controller where the Controller
Feedback |Action equals —Controller Gain * States.
Controller
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CD Discrete Kalman Filter Function
Owning Palette: Implementation VIs and Functions

Installed With: Control Design and Simulation Module

Implements a discrete-time, linear time-variant, recursive Kalman filter.
You define the system by specifying the stochastic state-space model
and noise model as well as the inputs and outputs to the system. The CD
Discrete Kalman Filter function calculates the predicted state estimates
xhat(k+1|k), the corrected state estimates xhat(k|k), the corresponding
gains used to calculate these estimates, and the associated estimation
error covariances corresponding to these estimates. This function also
calculates the estimated output yhat(k).

Refer to Chapter 16, Using Stochastic System Models, of the LabVIEW
Control Design User Manual for information about using this function.

Details

Dialog Box Options

Block Diagram Inputs

Block Diagram Qutputs

u Place on the block diagram i Find on the Functions palette
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Dialog Box Options

Parameter

Description

Polymorphic
instance

Specifies the behavior of this function:

¢ Pred gain, w/ check—(Default) Performs
prediction and correction with prediction gain;
checks the model parameters.

e Pred gain, wlo check—Performs prediction and
correction with prediction gain; does not check
the model parameters.

¢ No pred gain, w/ check—Performs prediction
and correction without prediction gain; checks the
model parameters.

¢ No pred gain, w/o check—Performs prediction
and correction without prediction gain; does not
check the model parameters.

e No corr, wl check—Performs only prediction with
prediction gain; checks the model parameters.

¢ No corr, wlo check—Performs only prediction
with prediction gain; does not check the model
parameters.
Refer to the Details section for a description of the

equations this function uses to calculate the outputs for
each of these polymorphic instances.

Feedthrough

Configures the function to be either a Direct or Indirect
feedthrough function. Enable this control by selecting
Stochastic State-Space Model from the Parameters list
and then selecting Terminal from the Parameter source
pull-down menu. If you select Configuration Dialog Box
from the Parameter source pull-down menu, LabVIEW
disables this control and calculates the feedthrough
behavior automatically.

If you specify Direct feedthrough, the transmission matrix
D in the Stochastic State-Space Model is non-zero. If

you specify Indirect feedthrough, the transmission matrix
D in the Stochastic State-Space Model is zero. You can




use the Corrected State Estimate xhat(k|k) to design
the input u(k) only if you specify Indirect feedthrough.

Refer to the Details section for a description of the
parameters that determine the feedthrough behavior of
this function.

Parameters

Lists all the parameters associated with this function.
Select a parameter from this list to configure the
parameter. When you select a parameter, the parameter
and its associated Parameter source control appear in
the Parameter Information section of the configuration
dialog box.

Preview

Displays a graphical preview, if available, of the function
output or configuration.

Parameter
Information

Contains the parameters you can configure for this
function. You must select a parameter from the
Parameters list to make that parameter and its
associated Parameter source control visible in the
Parameter Information section of the configuration
dialog box.

Parameter
source

Specifies whether you configure this parameter using the
Configuration Dialog Box or a Terminal on the
simulation diagram. The default value is Configuration
Dialog Box. If you select Terminal, LabVIEW displays an
input for that parameter on the simulation diagram, and
you can wire values to that input to configure this function
programmatically. If you select Configuration Dialog
Box, LabVIEW removes that input from the simulation
diagram. You then must set the value for this parameter
inside the configuration dialog box.

Initial State
Estimate
xhat(0]|-1)

Specifies the initial states from which this function begins
estimating the model states. If you do not specify a value
for this parameter and you select one of the wl check
instances of this function, Initial State Estimate
xhat(0]-1) is a vector of zeros.

Initial
Estimation

Specifies the initial covariance matrix of the estimation
error. If you do not specify a value for this parameter and




Error
Covariance
P(0]-1)

you select one of the wl check instances of this function,
Initial Estimation Error Covariance P(0]-1) is the
identity matrix. Initial Estimation Error Covariance
P(0]-1) must be symmetric and positive semi-definite
such that p (0|-1) = pT (0]-1) = 0.

Initialize?

Specifies whether to restart the calculation from any initial
values you provide. The default is FALSE.

Second-
Order
Statistics
Noise Model

Specifies a mathematical representation of the noise
model of a stochastic state-space model. You can create
a noise model using the CD Construct Noise Model VI.

o E{w}—Specifies the expected value or mean of
the process noise vector. The default is O.

e Q—Specifies the covariance matrix of the
process noise vector. The default is 0.01.

o E{v}—Specifies the expected value or mean of
the measurement noise vector. The default is O.

e R—Specifies the covariance matrix of the
measurement noise vector. The default is 0.1.

e N—Specifies the cross-covariance matrix
between the process noise vector and the
measurement noise vector. If these noise vectors
are uncorrelated, N is a matrix of zeros. The
default is 0.

Stochastic
State-Space
Model

Specifies a mathematical representation of a stochastic
system. You can construct a stochastic state-space
model using the CD Construct Stochastic Model VI.

e A—Specifies the system matrix that describes the
dynamics of the states of the system.

o B—Specifies the input matrix that relates the
inputs to the states.

o G—Specifies the matrix that relates the process
noise vector to the model states.

e C—Specifies the output matrix that relates the
outputs to the states.

e D—Specifies the transmission matrix that relates
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the inputs to the outputs.

H—Specifies the matrix that relates the process
noise vector to the model outputs.

Sampling Time (s)—Specifies the sampling time
of the system model and determines whether the
model represents a continuous-time or discrete-
time system. If the model represents a
continuous-time system, Sampling Time (s) must
equal zero. If the model represents a discrete-
time system, Sampling Time (s) must be greater
than zero and equal to the sampling rate, in
seconds, of the discrete system. The default is O.

@ Note If you use the inputs to create a
continuous-time system, setting the
Sampling Time (s) to a value greater than
zero does not yield the discrete-time
equivalent of the system. You must use the
CD Convert Continuous Stochastic to
Discrete VI to convert the continuous-time
system to the discrete-time equivalent of
the system.
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Block Diagram Inputs

Parameter |Description
Initial State |Specifies the initial states from which this function begins
Estimate |estimating the model states. If you do not specify a value
xhat(0]-1) |for this parameter and you select one of the wl check
instances of this function, Initial State Estimate xhat(0]-1)
IS a vector of zeros.
Initial Specifies the initial covariance matrix of the estimation
Estimation |error. If you do not specify a value for this parameter and
Error you select one of the wl check instances of this function,
Covariance |Initial Estimation Error Covariance P(0]-1) is the identity
P(0]|-1) matrix. Initial Estimation Error Covariance P(0]-1) must
be symmetric and positive semi-definite such that P (0|-1) =
PT (O]-1) = 0.
Initialize? |Specifies whether to restart the calculation from any initial
values you provide. The default is FALSE.
Second- Specifies a mathematical representation of the noise model
Order of a stochastic state-space model. You can create a noise
Statistics |model using the CD Construct Noise Model VI.
Noise o E{w}—Specifies the expected value or mean of the
Model process noise vector. The default is 0.
¢ Q—Specifies the covariance matrix of the process
noise vector. The default is 0.01.
e E{v}—Specifies the expected value or mean of the
measurement noise vector. The default is 0.
¢ R—Specifies the covariance matrix of the
measurement noise vector. The default is 0.1.
¢ N—Specifies the cross-covariance matrix between
the process noise vector and the measurement
noise vector. If these noise vectors are
uncorrelated, N is a matrix of zeros. The default is
0.
Stochastic |Specifies a mathematical representation of a stochastic
State- system. You can construct a stochastic state-space model

Space

using the CD Construct Stochastic Model VI.
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Model

e A—Specifies the system matrix that describes the
dynamics of the states of the system.

e B—Specifies the input matrix that relates the inputs
to the states.

e G—Specifies the matrix that relates the process
noise vector to the model states.

e C—Specifies the output matrix that relates the
outputs to the states.

e D—Specifies the transmission matrix that relates
the inputs to the outputs.

e H—Specifies the matrix that relates the process
noise vector to the model outputs.

e Sampling Time (s)—Specifies the sampling time of
the system model and determines whether the
model represents a continuous-time or discrete-
time system. If the model represents a continuous-
time system, Sampling Time (s) must equal zero.
If the model represents a discrete-time system,
Sampling Time (s) must be greater than zero and
equal to the sampling rate, in seconds, of the
discrete system. The default is 0.

@ Note If you use the inputs to create a
continuous-time system, setting the
Sampling Time (s) to a value greater than
zero does not yield the discrete-time
equivalent of the system. You must use the
CD Convert Continuous Stochastic to
Discrete VI to convert the continuous-time
system to the discrete-time equivalent of the
system.

error in

Describes error conditions that occur before this VI or
function runs. The default is no error. If an error occurred
before this VI or function runs, the VI or function passes the
error in value to error out. If an error occurs while this VI
or function runs, it runs normally and sets its own error
status in error out. Use the Simple Error Handler or
General Error Handler Vls to display the description of the
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error code. Use error in and error out to check errors and
to specify execution order by wiring error out from one
node to error in of the next node.

Output y(k) |Specifies measurements made on the Stochastic State-
Space Model. You can use the Discrete Stochastic State-
Space function to simulate the model and obtain this
parameter. You also can wire in measurements made from
a hardware sensor.

input u(k) |Specifies the control action this function applies to the
model.
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Block Diagram Outputs

Parameter |Description

Estimated |Returns the estimated model output at time k.

Output

yhat(k)

Corrected |Returns the corrected Kalman state estimate at time k,

State given all measurements up to and including time k. The

Estimate |length of this vector is equal to the number of model states.

xhat(k|k) |This parameter is not available if you select one of the No
corr instances of this function.

Predicted |Returns the predicted state estimate for the next time step

State k + 1, given all measurements up to and including time k.

Estimate |The length of this vector is equal to the number of model

xhat(k+1|k) |states.

Kalman Returns the Kalman filtered gain matrix this function uses

Filter Gain |to calculate the Corrected State Estimate xhat(k|k). This

M(K) parameter is not available if you select one of the No corr
instances of this function.

Kalman Returns the gain matrix this function uses to calculate the

Predictor |Predicted State Estimate xhat(k+1|k). This parameter is

Gain L(k) [not available if you select one of the No pred gain
instances of this function.

error out |Contains error information. If error in indicates that an
error occurred before this VI or function ran, error out
contains the same error information. Otherwise, it
describes the error status that this VI or function produces.
Right-click the error out front panel indicator and select
Explain Error from the shortcut menu for more information
about the error.

Filter Error |Returns the covariance matrix of the estimation error

Covariance |associated with the Corrected State Estimate xhat(k|k).

P(k|k) This parameter is not available if you select one of the No
corr instances of this function.

Prediction |Returns the covariance matrix of the estimation error

Error associated with the Predicted State Estimate xhat(k+1]|k),




given all measurements up to and including time k.

Covariance
P(k+1]k)




CD Discrete Kalman Filter Details

This function adapts to changes in the Stochastic State-Space Model
and the Second-Order Statistics Noise Model as long as the model
dimensions do not change. Therefore, you can use this function with
linear time-variant (LTV) models.

This function uses the Second-Order Statistics Noise Model to obtain
the values of E{w(k)}, E{v(k)}, Q(k), R(k), and N(k). The following
equations define these terms:

Q)i = E{wik) w0} -E{wik]}-E{ wil)

RIK)8 = Ew(K]) v (1]} -E{w(k]) -ET{w]/))

N k)8 = E{wik]) v [0} -E{w(k)} ET{w(A)}

where §,, is the Kronecker delta function. The following equations
defines this function: §,; = 1 when k = [; 3, = 0 when k # I.
w(k) is the process noise vector.
v(k) is the measurement noise vector.
Q(k) is the covariance matrix of w(k).
R(k) is the covariance matrix of v(k).

N(k) is the cross-covariance matrix between w(k) and v(k). If
these noise vectors are uncorrelated, N(k) is a matrix of zeros.

E{} denotes the expected value or the mean of the enclosed
term(s).

The noise covariance matrices must satisfy the following conditions:

Q(kk)=Q'(k) =0
R(K) = RT(k) > 0

£1Q k)6 (k)
KIN () + 6 k)0 V)

5 5



Bik) = CllWP k-1 ]CT[k] + R+ H[k]Q[k]H[k]T+ kN )+ NT[k]HT[k] =0

This function assumes the process noise and measurement noise
vectors to be temporally uncorrelated between time steps. This function
also assumes the Initial State Estimate xhat(0|-1) to be uncorrelated
with the noise vectors. If the noise vectors are Gaussian-distributed, this
function is an optimal minimum mean square error (MMSE) estimator.
However, if these vectors are not Gaussian-distributed, this function is an
optimal affine MMSE estimator.



Feedthrough Behavior

The value you specify for the D matrix of the Stochastic State-Space
Model parameter determines the feedthrough behavior of this function.

¢ |f the D matrix is nonzero, all input/output pairs have direct
feedthrough behavior.

e |f the D matrix is zero, the following input/output pairs have
indirect feedthrough behavior.

- Input u(k) — Corrected State Estimate xhat(k|k)
- Input u(k) — Predicted State Estimate xhat(k|k-1)

The remaining input/output pairs have direct feedthrough
behavior.

When you use the configuration dialog box to configure the D matrix,
LabVIEW verifies that the feedthrough behavior is correct. For example, if
you set the Feedthrough parameter to Indirect, and you set the D matrix
to nonzero, LabVIEW changes the Feedthrough parameter to Direct.

If you specify the value of the D matrix programmatically by wiring a
value to the parameter terminal, LabVIEW does not adjust the
feedthrough behavior for you. You must ensure that you specify the
proper feedthrough behavior for the value of the D matrix that you

specify.



Kalman Filter Structures

This function uses the following equations to calculate the outputs for
each of the polymorphic instances.

Pred Gain Instances—Correction Stage

xhat(k|k) = xhat(k|k—=1) + M(K) - [y(k) — yhat(k)]

yhat(k) = C(k) - xhat(k|k—1) + D(k) - u(k)

M(k) = P(k|k=1) - CT(k) - [C(k) - P(k|k-1) - CT(k) + H(K)Q(K)HT (k) +
H(K)N(k) + NT(k)HT (k) + R(k)]™2

P(klk) = P(k|lk=1) — M(K) - C(k) - P(k|k-1)

Pred Gain Instances—Prediction Stage

xhat(k+1]k) = A(k) - xhat(klk=1) + B(k) - u(k) + L(k) - [y(k) — yhat(k)]
yhat(k) = C(k) - xhat(k|k—1) + D(k) - u(k)

L(k) = [A(k) - P(k|k=1) - CT(k) + G(K)Q(K)H' (k) + G(K)N(K)] - [C(K) - P(klk—
1) - CT(k) + H(K)Q(K)HT (k) + H(k)N(k) + NT(k)HT (k) + R(K)]™*

P(k+1|k) = [A(k) - P(k]k=1) - AT(k) + G(K)Q(K)GT(K)] — L(k) - [A(k) - P(k|k—
1) - CT(k) + G(K)Q(K)H' (k) + G(K)N(K)]"

No Pred Gain Instances—Correction Stage

xhat(k|k) = xhat(k|k=1) + M(K) - [y(k) — yhat(k)]

yhat(k) = C(k) - xhat(k|k—1) + D(k) - u(k)

M(k) = P(k|k=1) - CT(k) - [C(k) - P(k|k-1) - CT(k) + H(K)Q(K)HT (k) +
H(K)N(k) + NT(k)HT (k) + R(k)]™2

P(klk) = P(k|lk=1) — M(K) - C(k) - P(k|k-1)

No Pred Gain Instances—Prediction Stage

xhat(k+1|k) = A(k)xhat(k|k—1) + B(k)u(k)

No Corr Instances—Prediction Stage

xhat(k+1]k) = A(k) - xhat(klk=1) + B(k) - u(k) + L(k) - [y(k) — yhat(k)]
yhat(k) = C(k) - xhat(k|k—1) + D(k) - u(k)

L(k) = [A(k) - P(k|k=1) - CT(k) + G(K)Q(K)H' (k) + G(K)N(K)] - [C(K) - P(klk—
1) - CT(k) + H(k)Q(K)HT (k) + H(k)N(k) + NT(k)HT (k) + R(K)]™*



P(k+1]K) = [A(K) - P(klk-1) - AT(k) + G(KIQKGT(K)] — L(K) - [A(K) - P(k|k—
1) - CT(k) + G(KQ(KH' (k) + G(KN(K)]"



CD Discrete Observer Function
Owning Palette: Implementation VIs and Functions
Installed With: Control Design and Simulation Module

Implements a discrete-time observer for a linear state-space system
model.

Details

Dialog Box Options

Block Diagram Inputs

Block Diagram Outputs

d Place on the block diagram a1 Find on the Functions palette
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Dialog Box Options

Parameter

Description

Polymorphic
instance

Specifies whether this function implements a current
observer and corrects state estimates made at a previous
time step, or whether this function implements a
predictive observer and calculates the estimated states
for the next time step k + 1. This option also specifies
whether the observer checks the model parameters. The
default is Current, w/ check. Refer to Chapter 15,
Estimating Model States, of the LabVIEW Control Design
User Manual for information about using current and
predictive observers.

Feedthrough

Configures the function to be either a Direct or Indirect
feedthrough function. Enable this control by selecting
State-Space Model from the Parameters list and then
selecting Terminal from the Parameter source pull-down
menu. If you select Configuration Dialog Box from the
Parameter source pull-down menu, LabVIEW disables
this control and calculates the feedthrough behavior
automatically.

You can use the Corrected State Estimate xhat(k|k) to
design the Input u(k) only if you specify Indirect
feedthrough.

Refer to the Details section for a description of the
parameters that determine the feedthrough behavior of
this function.

Parameters

Lists all the parameters associated with this function.
Select a parameter from this list to configure the
parameter. When you select a parameter, the parameter
and its associated Parameter source control appear in
the Parameter Information section of the configuration
dialog box.

Preview

Displays a graphical preview, if available, of the function
output or configuration.
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Parameter
Information

Contains the parameters you can configure for this
function. You must select a parameter from the
Parameters list to make that parameter and its
associated Parameter source control visible in the
Parameter Information section of the configuration
dialog box.

Parameter
source

Specifies whether you configure this parameter using the
Configuration Dialog Box or a Terminal on the
simulation diagram. The default value is Configuration
Dialog Box. If you select Terminal, LabVIEW displays an
input for that parameter on the simulation diagram, and
you can wire values to that input to configure this function
programmatically. If you select Configuration Dialog
Box, LabVIEW removes that input from the simulation
diagram. You then must set the value for this parameter
inside the configuration dialog box.

Initial State
Estimate
xhat(0]-1)

Specifies the initial states from which this function begins
estimating the model states. If you do not specify a value
for this parameter and you select one of the wl check
instances of this function, Initial State Estimate xhat(0]-
1) is a vector of zeros.

Observer
Gain

Specifies the estimator gain matrix this VI applies to the
difference between the observed output and the
estimated output, which is Output y(k) — Estimated
Output yhat(k). You can use the CD Pole Placement VI
or the CD Ackermann VI to calculate the Observer Gain.

The Observer Gain for a current observer relates to the
Observer Gain for a predictive observer through the
following relationship:

Observer Gain (Current) = A~1 - Observer Gain
(Predictive), where A is the state matrix of the State-
Space Model.

State-Space
Model

Specifies the mathematical representation of and
information about the system for which this function
implements the observer.
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¢ Model name—Specifies the name of the state-
space model.

e Sampling Time—Specifies the sampling time of
the system model and determines whether the
model represents a continuous-time or discrete-
time system. If the model represents a
continuous-time system, Sampling Time must
equal zero. If the model represents a discrete-
time system, Sampling Time must be greater
than zero and equal to the sampling rate, in
seconds, of the discrete system. The default is O.

@ Note If you use the inputs to create a
continuous-time system, setting the
Sampling Time to a value greater than
zero does not yield the discrete-time
equivalent of the system. You must use the
CD Convert Continuous Stochastic to
Discrete VI to convert the continuous-time
system to the discrete-time equivalent of
the system.

e A—Specifies the n x n state matrix of the given
system.

e B—Specifies the n x m input matrix of the given
system.

e C—Specifies the r x n output matrix of the given
system.

o D—Specifies the r x m direct transmission matrix
of the given system.

where m is the number of inputs
n is the number of states
r is the number of outputs
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Block Diagram Inputs

Parameter Description

Initial Specifies the initial states from which this function begins

State estimating the model states. If you do not specify a value for

Estimate [this parameter and you select one of the wl check instances

xhat(0]-1) |of this function, Initial State Estimate xhat(0]-1) is a vector
of zeros.

Observer |Specifies the estimator gain matrix this VI applies to the

Gain difference between the observed output and the estimated
output, which is Output y(k) — Estimated Output yhat(k).
You can use the CD Pole Placement VI or the CD
Ackermann VI to calculate the Observer Gain.
The Observer Gain for a current observer relates to the
Observer Gain for a predictive observer through the
following relationship:
Observer Gain (Current) = A~1 - Observer Gain
(Predictive), where A is the state matrix of the State-Space
Model.

Output Specifies the measurements a sensor makes on the State-

y(Kk) Space Model. You also can use the Discrete State-Space
function to simulate the behavior of a state-space model.

Initialize |Specifies whether to restart the calculation from any initial
values you provide. The default is FALSE.

Input u(k) |Specifies the control action this VI applies to the model.

State- Specifies the mathematical representation of and

Space information about the system for which this function

Model calculates the estimated states.

error in  |Describes error conditions that occur before this VI or

function runs. The default is no error. If an error occurred
before this VI or function runs, the VI or function passes the
error in value to error out. If an error occurs while this VI or
function runs, it runs normally and sets its own error status
in error out. Use the Simple Error Handler or General Error
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Handler VIs to display the description of the error code. Use
error in and error out to check errors and to specify
execution order by wiring error out from one node to error
in of the next node.




Block Diagram Outputs

Parameter Description

Estimated |Returns the estimated output of the State-Space Model.

Output

yhat(k)

Predicted |Returns the predicted state estimates of the State-Space

State Model for the next time step k + 1. The length of this vector

Estimate |is equal to the number of model states.

xhat(k+1|k)

Corrected |Returns the corrected state estimates at time k. The length

State of this vector is equal to the number of model states. This

Estimate |output appears only if you select Current, w/ check or

xhat(k|k) |Current, w/o check from the Polymorphic instance pull-
down menu.

Predicted |Returns the estimated states of the State-Space Model

State estimated at the previous time step. This output appears

Estimate |only if you select Predictive, w/ check or Predictive, w/o

xhat(k|k-1) |check from the Polymorphic instance pull-down menu.

error out |Contains error information. If error in indicates that an error

occurred before this VI or function ran, error out contains
the same error information. Otherwise, it describes the error
status that this VI or function produces. Right-click the error
out front panel indicator and select Explain Error from the
shortcut menu for more information about the error.




CD Discrete Observer Details

Current Observer

At each time step k, this function calculates the Corrected State
Estimate xhat(k|k) using the Estimated Output yhat(k), any control
action Input u(k), and the Predicted State Estimate xhat(k|k-1)
calculated at the previous time step. This function also calculates the
estimated states for the next time step k + 1, Predicted State Estimate
xhat(k+1]k).

This VI uses the following equations to calculate the outputs.
yhat(k) = C(k) - xhat(k|k—1) + D(k) - u(k)

where C and D are the output and direct feedthrough matrices,
respectively, of the State-Space Model.

xhat(k|k) = xhat(k|k—1) + Lc [y(k) — yhat(k)]
where Lc is the Observer Gain.
xhat(k+1|k) = A(k) - xhat(k|k) + B(k) - u(k)

where A and B are the state and input matrices, respectively, of the
State-Space Model.



Predictive Observer

At each time step k, this function calculates the Predicted State
Estimate xhat(k+1]k) using the Estimated Output yhat(k) and the
Predicted State Estimate xhat(k|k-1).

The following equations define the outputs of this function:
yhat(k) = C(k) - xhat(k|k-1) + D(k) - u(k)

xhat(k+1|k) = A(k) - xhat(k|k—=1) + B(k) - u(k) + Lp[y(k) — yhat(k)]
where Lp is the Observer Gain.



Feedthrough Behavior

The value you specify for the D matrix of the Stochastic State-Space
Model parameter determines the feedthrough behavior of this function.

¢ |f the D matrix is nonzero, all input/output pairs have direct
feedthrough behavior.

e |f the D matrix is zero, the following input/output pairs have
indirect feedthrough behavior.

- Input u(k) — Corrected State Estimate xhat(k|k)
- Input u(k) — Predicted State Estimate xhat(k|k-1)

The remaining input/output pairs have direct feedthrough
behavior.

When you use the configuration dialog box to configure the D matrix,
LabVIEW verifies that the feedthrough behavior is correct. For example, if
you set the Feedthrough parameter to Indirect, and you set the D matrix
to nonzero, LabVIEW changes the Feedthrough parameter to Direct.

If you specify the value of the D matrix programmatically by wiring a
value to the parameter terminal, LabVIEW does not adjust the
feedthrough behavior for you. You must ensure that you specify the
proper feedthrough behavior for the value of the D matrix that you

specify.



CD Discrete State-Space Function
Owning Palette: Implementation VIs and Functions
Installed With: Control Design and Simulation Module

Implements a system model in discrete state-space form. You define the

system model by specifying the input, output, state, and direct
transmission matrices.

Details

Dialog Box Options
Block Diagram Inputs

Block Diagram Qutputs

u Place on the block diagram i Find on the Functions palette


lvctrldsgn.chm::/CD_Implementation_pal.html
javascript:placeObject(object4204);
javascript:findObject(object4204);

Dialog Box Options

Parameter

Description

Polymorphic
instance

Specifies whether this function is single-input single-
output (SISO) or multiple-input multiple-output (MIMO).
The default value is SISO.

Feedthrough

Configures the function to be either a Direct or Indirect
feedthrough function. Enable this control by selecting a
parameter from the Parameters list and then selecting
Terminal from the Parameter source pull-down menu. If
you select Configuration Dialog Box from the
Parameter source pull-down menu, LabVIEW disables
this control and calculates the feedthrough behavior
automatically.

Refer to the Details section for a description of the
parameters that determine the feedthrough behavior of
this function.

Parameters

Lists all the parameters associated with this function.
Select a parameter from this list to configure the
parameter. When you select a parameter, the parameter
and its associated Parameter source control appear in
the Parameter Information section of the configuration
dialog box.

Preview

Displays a graphical preview, if available, of the function
output or configuration.

Parameter
Information

Contains the parameters you can configure for this
function. You must select a parameter from the
Parameters list to make that parameter and its
associated Parameter source control visible in the
Parameter Information section of the configuration
dialog box.

Parameter
source

Specifies whether you configure this parameter using the
Configuration Dialog Box or a Terminal on the
simulation diagram. The default value is Configuration
Dialog Box. If you select Terminal, LabVIEW displays an
input for that parameter on the simulation diagram, and




you can wire values to that input to configure this function
programmatically. If you select Configuration Dialog
Box, LabVIEW removes that input from the simulation
diagram. You then must set the value for this parameter
inside the configuration dialog box.

State-Space

Specifies the state-space model.

Load Model—Loads model information from a
data file.

Save Model—Saves model information to a data
file. This file is compatible with the Control Design
VIs and functions.

Copy to Clipboard—Copies the current model
definition to the clipboard. From the clipboard,
you can paste the model on the block diagram or
into another configuration dialog box of the same
model form.

Paste from Clipboard—Pastes model
information from the clipboard to the configuration
dialog box.

Model Dimensions—Use this section to specify
the number of inputs, states, and outputs of the
system model.

- Inputs—Specifies the number of model

inputs.

- States—Specifies the number of model
states.

- Outputs—Specifies the number of model
outputs.

®—Specifies the n x n state matrix of the given
system.

—Specifies the n x m input matrix of the given
system.

C—Specifies the r x n output matrix of the given
system.

D—Specifies the r x m direct transmission matrix
of the given system.
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where m is the number of inputs

n is the number of states
r is the number of outputs

initial state
(x0)

Specifies a vector of initial states for the system. This
vector must be of length n, where n is the number of

states.




Block Diagram Inputs

Parameter

Description

initial

Specifies a vector of initial states for the system. This vector

state (x0) |must be of length n, where n is the number of states.

initialize |Sets the model state(s) to 0, when TRUE.

input u(k) [Specifies the input to the system. input u(k) must be a
vector of length m, where m is the number of inputs.

State- Specifies a state-space model. This input accepts either a

Space block diagram constant or a model you created using the
Control Design VIs and functions.

error in  |Describes error conditions that occur before this VI or

function runs. The default is no error. If an error occurred
before this VI or function runs, the VI or function passes the
error in value to error out. If an error occurs while this VI or
function runs, it runs normally and sets its own error status
in error out. Use the Simple Error Handler or General Error
Handler VIs to display the description of the error code. Use
error in and error out to check errors and to specify
execution order by wiring error out from one node to error
in of the next node.
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Block Diagram Outputs

Parameter Description

output Returns the current output of the system. This vector must

y(Kk) be of length r, where r is the number of outputs.

state Returns the values of the model state(s) at time k + 1. The

x(k+1) length of this vector is equal to the number of model states.

state x(k) |Returns a one-dimensional array that specifies the internal
states. This array must be of length n, where n is the
number of states. Each element of the array represents x[n].

error out |Contains error information. If error in indicates that an error

occurred before this VI or function ran, error out contains
the same error information. Otherwise, it describes the error
status that this VI or function produces. Right-click the error
out front panel indicator and select Explain Error from the
shortcut menu for more information about the error.




CD Discrete State-Space Details
The following equations define the state-space system.

xlty , q] = Pxlzy] + Tulz]
!,l"[fl,:c.] = Cx[tk] +Du[tk]
where u is the input vector
y is the output vector
X is the state vector

®, I, C, D are the state-space matrices. Refer to the State-
Space parameter help for more information about these
matrices.

If you place this function outside a Simulation Loop, t, = k * Sampling
Time (s), fork=0,1, 2, ....

If you place this function inside a Simulation Loop, t, = initial time +
sample skew (s) + k * sample period (s), fork=0, 1, 2, ...



Feedthrough Behavior

The value you specify for the D matrix of the State-Space parameter
determines the feedthrough behavior of this function.

e |f the D matrix is nonzero, all input/output pairs have direct
feedthrough behavior.

e |f the D matrix is zero, the following input/output pairs have
indirect feedthrough behavior.

- input u(k) — output y(k)

- input u(k) — state x(k)
The remaining input/output pairs have direct feedthrough
behavior.

When you use the configuration dialog box to configure the D matrix,
LabVIEW verifies that the feedthrough behavior is correct. For example, if
you set the Feedthrough parameter to Indirect, and you set the D matrix
to nonzero, LabVIEW changes the Feedthrough parameter to Direct.

If you specify the value of the D matrix programmatically by wiring a
value to the parameter terminal, LabVIEW does not adjust the
feedthrough behavior for you. You must ensure that you specify the
proper feedthrough behavior for the value of the D matrix that you

specify.



CD Discrete Stochastic State-Space Function

Owning Palette: Implementation VIs and Functions
Installed With: Control Design and Simulation Module

Implements a discrete-time, linear, stochastic state-space system. You
define the system model by specifying the input, output, state, and direct
transmission matrices. You also specify the matrices relating the process
noise to the system states and outputs.

If you use the Internal Noise instance of this function, this function
generates samples of the noise vectors using the model you wire to the
Second-Order Statistics Noise Model input. If you use the External
Noise instance of this function, you can use the CD Correlated Gaussian
Random Noise VI to generate samples of the noise vectors. You also can
generate samples of the noise vectors using other Vs or specify the
noise vectors to be deterministic disturbances.

Details

Dialog Box Options

Block Diagram Inputs

Block Diagram Qutputs

u Place on the block diagram i Find on the Functions palette
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Dialog Box Options

Parameter

Description

Polymorphic
instance

Specifies whether this function uses internally-generated
random samples of Gaussian-distributed noise vectors or
externally-generated noise or disturbances. The default is
Internal Noise.

Feedthrough

Configures the function to be either a Direct or Indirect
feedthrough function. Enable this control by selecting
Stochastic State-Space Model from the Parameters list
and then selecting Terminal from the Parameter source
pull-down menu. If you select Configuration Dialog Box
from the Parameter source pull-down menu, LabVIEW
disables this control and calculates the feedthrough
behavior automatically.

Refer to the Details section for a description of the
parameters that determine the feedthrough behavior of
this function.

Parameters

Lists all the parameters associated with this function.
Select a parameter from this list to configure the
parameter. When you select a parameter, the parameter
and its associated Parameter source control appear in
the Parameter Information section of the configuration
dialog box.

Preview

Displays a graphical preview, if available, of the function
output or configuration.

Parameter
Information

Contains the parameters you can configure for this
function. You must select a parameter from the
Parameters list to make that parameter and its
associated Parameter source control visible in the
Parameter Information section of the configuration
dialog box.

Parameter
source

Specifies whether you configure this parameter using the
Configuration Dialog Box or a Terminal on the
simulation diagram. The default value is Configuration
Dialog Box. If you select Terminal, LabVIEW displays an




input for that parameter on the simulation diagram, and
you can wire values to that input to configure this function
programmatically. If you select Configuration Dialog
Box, LabVIEW removes that input from the simulation
diagram. You then must set the value for this parameter
inside the configuration dialog box.

Stochastic
State-Space
Model

Specifies a mathematical representation of a stochastic
system. You can construct a stochastic state-space
model using the CD Construct Stochastic Model VI.

A—Specifies the system matrix that describes the
dynamics of the states of the system.

B—Specifies the input matrix that relates the
inputs to the states.

G—Specifies the matrix that relates the process
noise vector to the model states.

C—Specifies the output matrix that relates the
outputs to the states.

D—Specifies the transmission matrix that relates
the inputs to the outputs.

H—Specifies the matrix that relates the process
noise vector to the model outputs.

Sampling Time (s)—Specifies the sampling time
of the system model and determines whether the
model represents a continuous-time or discrete-
time system. If the model represents a
continuous-time system, Sampling Time (s) must
equal zero. If the model represents a discrete-
time system, Sampling Time (s) must be greater
than zero and equal to the sampling rate, in
seconds, of the discrete system. The default is O.

@ Note If you use the inputs to create a
continuous-time system, setting the
Sampling Time (s) to a value greater than
zero does not yield the discrete-time
equivalent of the system. You must use the
CD Convert Continuous Stochastic to
Discrete VI to convert the continuous-time
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system to the discrete-time equivalent of
the system.

Second-
Order
Statistics
Noise Model

Specifies a mathematical representation of the noise
model of a stochastic state-space model. You can create
a noise model using the CD Construct Noise Model VI.
This option is available only if you select Internal Noise
from the Polymorphic instance pull-down menu.

E{w}—Specifies the expected value or mean of
the process noise vector. The default is O.

Q—Specifies the covariance matrix of the
process noise vector. The default is 0.01.

E{v}—Specifies the expected value or mean of
the measurement noise vector. The default is O.

R—Specifies the covariance matrix of the
measurement noise vector. The default is 0.1.

N—Specifies the cross-covariance matrix
between the process noise vector and the
measurement noise vector. If these noise vectors
are uncorrelated, N is a matrix of zeros. The
default is 0.

Initial State
x(0)

Specifies the initial state of the model. If you do not
specify a value for this parameter, this function assumes
an initial state of 0.
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Block Diagram Inputs

Parameter

Description

Stochastic
State-Space
Model

Specifies a mathematical representation of a stochastic
system. You can construct a stochastic state-space
model using the CD Construct Stochastic Model VI.

e A—Specifies the system matrix that describes
the dynamics of the states of the system.

e B—Specifies the input matrix that relates the
inputs to the states.

e G—Specifies the matrix that relates the process
noise vector to the model states.

e C—Specifies the output matrix that relates the
outputs to the states.

e D—Specifies the transmission matrix that relates
the inputs to the outputs.

e H—Specifies the matrix that relates the process
noise vector to the model outputs.

e Sampling Time (s)—Specifies the sampling time
of the system model and determines whether the
model represents a continuous-time or discrete-
time system. If the model represents a
continuous-time system, Sampling Time (s)
must equal zero. If the model represents a
discrete-time system, Sampling Time (s) must
be greater than zero and equal to the sampling
rate, in seconds, of the discrete system. The
default is O.

@ Note If you use the inputs to create a
continuous-time system, setting the
Sampling Time (s) to a value greater than
zero does not yield the discrete-time
equivalent of the system. You must use
the CD Convert Continuous Stochastic to
Discrete VI to convert the continuous-time
system to the discrete-time equivalent of
the system.
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Second-
Order
Statistics
Noise Model

Specifies a mathematical representation of the noise
model of a stochastic state-space model. You can create
a noise model using the CD Construct Noise Model VI.
This option is available only if you select Internal Noise
from the Polymorphic instance pull-down menu.

o E{w}—Specifies the expected value or mean of
the process noise vector. The default is O.

¢ Q—Specifies the covariance matrix of the
process noise vector. The default is 0.01.

o E{v}—Specifies the expected value or mean of
the measurement noise vector. The default is O.

e R—Specifies the covariance matrix of the
measurement noise vector. The default is 0.1.

e N—Specifies the cross-covariance matrix
between the process noise vector and the
measurement noise vector. If these noise vectors
are uncorrelated, N is a matrix of zeros. The
default is 0.

Initial State
x(0)

Specifies the initial state of the model. If you do not
specify a value for this parameter, this function assumes
an initial state of 0.

Initialize

Specifies whether to restart the calculation from any
initial values you provide. The default is FALSE.

Input u(k)

Specifies the control action this function applies to the
model. If you specify a vector of zeros for Input u(k), this
function does not apply a control action.

error in

Describes error conditions that occur before this VI or
function runs. The default is no error. If an error occurred
before this VI or function runs, the VI or function passes
the error in value to error out. If an error occurs while
this VI or function runs, it runs normally and sets its own
error status in error out. Use the Simple Error Handler
or General Error Handler VIs to display the description of
the error code. Use error in and error out to check
errors and to specify execution order by wiring error out
from one node to error in of the next node.
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Process Specifies the process noise vector. This input is available
Noise w(k) only if you select External Noise from the Polymorphic
instance pull-down menu.

Measurement|Specifies the measurement noise vector. This input is
Noise v(k) available only if you select External Noise from the
Polymorphic instance pull-down menu.




Block Diagram Outputs

Parameter Description
Output Returns the values of the model output(s) at time k. The
y(Kk) length of this vector is equal to the number of model outputs.
State Returns the values of the model state(s) at time k + 1. The
x(k+1) length of this vector is equal to the number of model states.
State x(k) |Returns the values of the model state(s) at time k. The
length of this vector is equal to the number of model states.
error out |Contains error information. If error in indicates that an error

occurred before this VI or function ran, error out contains
the same error information. Otherwise, it describes the error
status that this VI or function produces. Right-click the error
out front panel indicator and select Explain Error from the
shortcut menu for more information about the error.




CD Discrete Stochastic State-Space Details

Internal Noise

This function adapts to changes in the Stochastic State-Space Model
and the Second-Order Statistics Noise Model, as long as the model
dimensions do not change. Therefore, you can use this function to
simulate linear time-variant (LTV) stochastic state-space models.

If you set the Parameter source to Terminal for the Second-Order
Statistics Noise Model input, this function uses the Second-Order
Statistics Noise Model to obtain the values of E{w(k)}, E{v(k)}, Q(k),
R(k), and N(k). The following equations define these terms:

Q)i = E{wik) w0} -E{wik]}-E{ wil)

RIK)8 = Ew(K]) v (1]} -E{w(k]) -ET{w]/))

N k)8 = E{wik]) v [0} -E{w(k)} ET{w(A)}

where §,, is the Kronecker delta function. The following equations
defines this function: §,; = 1 when k = [; 3, = 0 when k # I.
w(k) is the process noise vector.
v(k) is the measurement noise vector.
Q(k) is the covariance matrix of w(k).
R(k) is the covariance matrix of v(k).

N(k) is the cross-covariance matrix between w(k) and v(k). If
these noise vectors are uncorrelated, N(k) is a matrix of zeros.

E{} denotes the expected mean of the enclosed term(s).
This function also uses the Second-Order Statistics Noise Model to

generate Gaussian-distributed temporally-uncorrelated random samples
of w(k) and v(k) at each time step.



External Noise

This function adapts to changes in the Stochastic State-Space Model,
as long as the model dimensions do not change. Therefore, you can use
this function to simulate linear time-variant (LTV) stochastic state-space
models.

You can use the CD Correlated Gaussian Random Noise VI to generate
external random samples of Gaussian-distributed noise vectors. You can
use this VI and the Process Noise w(k) and Measurement Noise v(k)
inputs of the Discrete Stochastic State-Space function to simulate the
following conditions:

e Deterministic systems excited by deterministic disturbance
vectors w(k) and v(k).

e Stochastic systems excited by stochastic noise vectors w(k) and
v(k). These stochastic noise vectors can be zero-mean or
nonzero-mean, stationary or nonstationary, and can have any
density distribution.

e Deterministic or stochastic systems excited by w(k) and v(k),
where one of these vectors is a deterministic disturbance and the
other is a stochastic noise.



Feedthrough Behavior

The value you specify for the D matrix of the Stochastic State-Space
Model parameter determines the feedthrough behavior of this function.

¢ |f the D matrix is nonzero, all input/output pairs have direct
feedthrough behavior.

e |f the D matrix is zero, the following input/output pairs have
indirect feedthrough behavior.

- Input u(k) — Output y(k)

- Input u(k) — State x(k)
The remaining input/output pairs have direct feedthrough
behavior.

When you use the configuration dialog box to configure the D matrix,
LabVIEW verifies that the feedthrough behavior is correct. For example, if
you set the Feedthrough parameter to Indirect, and you set the D matrix
to nonzero, LabVIEW changes the Feedthrough parameter to Direct.

If you specify the value of the D matrix programmatically by wiring a
value to the parameter terminal, LabVIEW does not adjust the
feedthrough behavior for you. You must ensure that you specify the
proper feedthrough behavior for the value of the D matrix that you

specify.



CD Discrete Transfer Function Function
Owning Palette: Implementation VIs and Functions
Installed With: Control Design and Simulation Module

Implements a system model in discrete transfer function form. You define
the system model by specifying the Numerator and Denominator of the
transfer function equation.

Details

Dialog Box Options
Block Diagram Inputs

Block Diagram Qutputs

u Place on the block diagram i Find on the Functions palette
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Dialog Box Options

Parameter

Description

Polymorphic
instance

Specifies whether this function is single-input single-
output (SISO) or multiple-input multiple-output (MIMO).
The default value is SISO.

Feedthrough

Configures the function to be either a Direct or Indirect
feedthrough function. Enable this control by selecting a
parameter from the Parameters list and then selecting
Terminal from the Parameter source pull-down menu. If
you select Configuration Dialog Box from the
Parameter source pull-down menu, LabVIEW disables
this control and calculates the feedthrough behavior
automatically.

Refer to the Details section for a description of the
parameters that determine the feedthrough behavior of
this function.

Parameters

Lists all the parameters associated with this function.
Select a parameter from this list to configure the
parameter. When you select a parameter, the parameter
and its associated Parameter source control appear in
the Parameter Information section of the configuration
dialog box.

Preview

Displays a graphical preview, if available, of the function
output or configuration.

Parameter
Information

Contains the parameters you can configure for this
function. You must select a parameter from the
Parameters list to make that parameter and its
associated Parameter source control visible in the
Parameter Information section of the configuration
dialog box.

Parameter
source

Specifies whether you configure this parameter using the
Configuration Dialog Box or a Terminal on the
simulation diagram. The default value is Configuration
Dialog Box. If you select Terminal, LabVIEW displays an
input for that parameter on the simulation diagram, and




you can wire values to that input to configure this function
programmatically. If you select Configuration Dialog
Box, LabVIEW removes that input from the simulation
diagram. You then must set the value for this parameter
inside the configuration dialog box.

Transfer
Function

Specifies the transfer function in terms of numerator and
denominator polynomial functions.

Load Model—Loads model information from a
data file.

Save Model—Saves model information to a data
file. This file is compatible with the Control Design
VIs and functions.

Copy to Clipboard—Copies the current model
definition to the clipboard. From the clipboard,
you can paste the model on the block diagram or
into another configuration dialog box of the same
model form.

Paste from Clipboard—Pastes model
information from the clipboard to the configuration
dialog box.

Model Dimensions—Use this section to specify
the number of inputs and outputs of the system
model. You also use this section to specify the
input-output location of the equation you want to
edit. This section is available only if you select
MIMO from the Polymorphic instance pull-down
menu.

- Inputs—Specifies the number of model
inputs.

- Outputs—Specifies the number of model
outputs.

Current Input—Specifies the current column of
the Input-Output Model.

Current Output—Specifies the current row of the
Input-Output Model.

Input-Output Model—Displays a graphical
representation of the MIMO model. Click a cell to
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edit the equation at that input-output location. You
also can use the Current Input and Current
Output controls to specify the location of the
equation you want to edit.

Numerator—Specifies the coefficients of the
numerator polynomial function in ascending
powers of z, where z is the z-transform variable.
For MIMO models, Numerator applies to the
equation that the Current Input and Current
Output parameters specify.

Denominator—Specifies the coefficients of the
denominator polynomial function in ascending
powers of z, where z is the z-transform variable.
For MIMO models, Denominator applies to the
equation that the Current Input and Current
Output parameters specify. For each equation,
the order of the Denominator must be greater
than or equal to the order of the Numerator.




Block Diagram Inputs

Parameter

Description

initialize

Sets the model state(s) to 0, when TRUE.

input u(k)

Specifies the input to the system. input u(k) must be a
vector of length m, where m is the number of inputs.

Transfer |Specifies a transfer function model. This input accepts either

Function |a block diagram constant or a model you created using
Control Design VIs and functions.

errorin  |Describes error conditions that occur before this VI or

function runs. The default is no error. If an error occurred
before this VI or function runs, the VI or function passes the
error in value to error out. If an error occurs while this VI or
function runs, it runs normally and sets its own error status
in error out. Use the Simple Error Handler or General Error
Handler VIs to display the description of the error code. Use
error in and error out to check errors and to specify
execution order by wiring error out from one node to error
in of the next node.
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Block Diagram Outputs

Parameter Description

output Returns the current output of the system. This vector must
y(Kk) be of length r, where r is the number of outputs.

error out |[Contains error information. If error in indicates that an error
occurred before this VI or function ran, error out contains
the same error information. Otherwise, it describes the error
status that this VI or function produces. Right-click the error
out front panel indicator and select Explain Error from the
shortcut menu for more information about the error.




CD Discrete Transfer Function Detalils

For SISO models, this function uses the following equation to calculate
the output:

m=-1 "
_bptbyz . Aby, 47 +b, 2

Hiz}
z”_1+anz”

FptaE+.ta,

For MIMO models, this function calculates the output as H = [H;].

where bg...b,, are the coefficients of the numerator polynomial
ay...a, are the coefficients of the denominator polynomial

m is the order of the numerator

n is the order of the denominator
z is the z-transform variable

I is the index number of the input
J is the index number of the output



Feedthrough Behavior

The values you specify for the Numerator and Denominator
subparameters determine the feedthrough behavior of this function.
Given m as the order of the Numerator and n as the order of the
Denominator:

e If n = m, all input/output pairs have direct feedthrough behavior.

e If n > m, the input u(k) input has indirect feedthrough to the
output y(k) output.

e If n<m, LabVIEW returns an error.

When you use the configuration dialog box to configure n and m,
LabVIEW verifies that the feedthrough behavior is correct. For example, if
you set the Execution Mode parameter to Indirect, and you set n equal
to m, LabVIEW changes the Execution Mode parameter to Direct.

If you define the transfer function programmatically, LabVIEW does not
adjust the feedthrough behavior for you. You must ensure that you
specify the proper feedthrough behavior for the orders of n and m you

specify.



CD Discrete Zero-Pole-Gain Function

Owning Palette: Implementation VIs and Functions

Installed With: Control Design and Simulation Module

Implements a system model in discrete zero-pole-gain form. You define
the system model by specifying the Zeros, Poles, and Gain of the zero-
pole-gain equation.

Details

Dialog Box Options
Block Diagram Inputs

Block Diagram Qutputs

u Place on the block diagram i Find on the Functions palette
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Dialog Box Options

Parameter

Description

Polymorphic
instance

Specifies whether this function is single-input single-
output (SISO) or multiple-input multiple-output (MIMO).
The default value is SISO.

Feedthrough

Configures the function to be either a Direct or Indirect
feedthrough function. Enable this control by selecting a
parameter from the Parameters list and then selecting
Terminal from the Parameter source pull-down menu. If
you select Configuration Dialog Box from the
Parameter source pull-down menu, LabVIEW disables
this control and calculates the feedthrough behavior
automatically.

Refer to the Details section for a description of the
parameters that determine the feedthrough behavior of
this function.

Parameters

Lists all the parameters associated with this function.
Select a parameter from this list to configure the
parameter. When you select a parameter, the parameter
and its associated Parameter source control appear in
the Parameter Information section of the configuration
dialog box.

Preview

Displays a graphical preview, if available, of the function
output or configuration.

Parameter
Information

Contains the parameters you can configure for this
function. You must select a parameter from the
Parameters list to make that parameter and its
associated Parameter source control visible in the
Parameter Information section of the configuration
dialog box.

Parameter
source

Specifies whether you configure this parameter using the
Configuration Dialog Box or a Terminal on the
simulation diagram. The default value is Configuration
Dialog Box. If you select Terminal, LabVIEW displays an
input for that parameter on the simulation diagram, and




you can wire values to that input to configure this function
programmatically. If you select Configuration Dialog
Box, LabVIEW removes that input from the simulation
diagram. You then must set the value for this parameter
inside the configuration dialog box.

Zeros-Poles-
Gain

Specifies the zero-pole-gain model.

Load Model—Loads model information from a
data file.

Save Model—Saves model information to a data
file. This file is compatible with the Control Design
VIs and functions.

Copy to Clipboard—Copies the current model
definition to the clipboard. From the clipboard,
you can paste the model on the block diagram or
into another configuration dialog box of the same
model form.

Paste from Clipboard—Pastes model
information from the clipboard to the configuration
dialog box.

Model Dimensions—Use this section to specify
the number of inputs and outputs of the system
model. You also use this section to specify the
input-output location of the equation you want to
edit. This section is available only if you select
MIMO from the Polymorphic instance pull-down
menu.

- Inputs—Specifies the number of model
inputs.
- Outputs—Specifies the number of model
outputs.
Current Input—Specifies the current column of
the Input-Output Model.
Current Output—Specifies the current row of the
Input-Output Model.
Input-Output Model—Displays a graphical
representation of the MIMO model. Click a cell to
edit the equation at that input-output location. You
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also can use the Current Input and Current
Output controls to specify the location of the
equation you want to edit.

Gain—Specifies a real value representing the
common gain of the zero-pole-gain model. For
MIMO models, Gain applies to the equation that
the Current Input and Current Output
parameters specify.

Zeros—Specifies zeros of the zero-pole-gain
model. For all zeros with an imaginary part, the
conjugate complex number also must belong to
this array. For MIMO models, Zeros applies to the
equation that the Current Input and Current
Output parameters specify.

Poles—Specifies the poles of the zero-pole-gain
model. For all poles with an imaginary part, the
conjugate complex number also must belong to
this array. For MIMO models, Poles applies to the
equation that the Current Input and Current
Output parameters specify.




Block Diagram Inputs

Parameter

Description

initialize

Sets the model state(s) to 0, when TRUE.

input u(k)

Specifies the input to the system. input u(k) must be a
vector of length m, where m is the number of inputs.

Zeros- Specifies a zero-pole-gain model. This input accepts either a
Poles- block diagram constant or a model you created using the
Gain Control Design VIs and functions.

error in  |Describes error conditions that occur before this VI or

function runs. The default is no error. If an error occurred
before this VI or function runs, the VI or function passes the
error in value to error out. If an error occurs while this VI or
function runs, it runs normally and sets its own error status
in error out. Use the Simple Error Handler or General Error
Handler VIs to display the description of the error code. Use
error in and error out to check errors and to specify
execution order by wiring error out from one node to error
in of the next node.



glang.chm::/Simple_Error_Handler.html
glang.chm::/General_Error_Handler.html

Block Diagram Outputs

Parameter Description

output Returns the current output of the system. This vector must
y(Kk) be of length r, where r is the number of outputs.

error out |[Contains error information. If error in indicates that an error
occurred before this VI or function ran, error out contains
the same error information. Otherwise, it describes the error
status that this VI or function produces. Right-click the error
out front panel indicator and select Explain Error from the
shortcut menu for more information about the error.




CD Discrete Zero-Pole-Gain Details

For SISO models, this function uses the following equation to calculate
the output:

T P M E R
Hizy =
E = e -y 2P,

For MIMO models, this function calculates the output as H = [H;].

where k is the gain
Z[m] is the array of zeros
P[n] is the array of poles
m is the order of the numerator
n is the order of the denominator
Z is the z-transform variable
I is the index number of the input
J is the index number of the output

The function is based on the CD Discrete Transfer Function function,
which is represented in zero-pole-gain notation.
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Feedthrough Behavior

The values you specify for the Zeros and Poles subparameters
determine the feedthrough behavior of this function. Given Z as the
Zeros subparameter and P as the Poles subparameter:

¢ |f the order of Z = the order of P, the function has direct
feedthrough behavior.

e |f the order of Z < the order of P, the input u(k) input has indirect
feedthrough to the output y(k) output. All other input/output pairs
have direct feedthrough behavior.

¢ |f the order of Z > the order of P, LabVIEW returns an error.

When you use the configuration dialog box to configure Z and P,
LabVIEW verifies that the feedthrough behavior is correct. For example, if
you set the Execution Mode parameter to Indirect, and you set the
order of Z equal to the order of P, LabVIEW changes the Execution
Mode parameter to Direct.

If you define the zero-pole-gain equation programmatically, LabVIEW
does not adjust the feedthrough behavior for you. You must ensure that
you specify the proper feedthrough behavior for the orders of Z and P

you specify.



CD State Feedback Controller VI

Owning Palette: Implementation VIs and Functions
Installed With: Control Design and Simulation Module

Implements a state-space controller where the Controller Action equals
—Controller Gain * States.

Use the pull-down menu to select an instance of this VI.

Select an instance -

u Place on the block diagram i Find on the Functions palette
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CD State Feedback Controller (Single Output)

Controller Gain
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----------

States specifies the initial states of the controller.

Controller Gain specifies the gains that premultiply the States to
calculate the manipulated input to drive the system towards or
back to a reference.

error in describes error conditions that occur before this VI or
function runs. The default is no error. If an error occurred before
this VI or function runs, the VI or function passes the error in value
to error out. This VI or function runs normally only if no error
occurred before this VI or function runs. If an error occurs while
this VI or function runs, it runs normally and sets its own error
status in error out. Use the Simple Error Handler or General Error
Handler VIs to display the description of the error code. Use
exception control to treat what is normally an error as no error or to
treat a warning as an error. Use error in and error out to check
errors and to specify execution order by wiring error out from one
node to error in of the next node.

status is TRUE (X) if an error occurred before this VI or
function ran or FALSE (checkmark) to indicate a warning or
that no error occurred before this VI or function ran. The
default is FALSE.

code is the error or warning code. The default is O. If status
is TRUE, code is a honzero error code. If status is FALSE,
code is 0 or a warning code.

source specifies the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning. The default is an empty string.

Controller Action returns the current value of the control action.

error out contains error information. If error in indicates that an
error occurred before this VI or function ran, error out contains the
same error information. Otherwise, it describes the error status
that this VI or function produces. Right-click the error out front
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panel indicator and select Explain Error from the shortcut menu
for more information about the error.

status is TRUE (X) if an error occurred or FALSE
(checkmark) to indicate a warning or that no error occurred.

code is the error or warning code. If status is TRUE, code
Is a nonzero error code. If status is FALSE, code is O or a
warning code.

source describes the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning.
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CD State Feedback Controller (Multiple Outputs)
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Initialize specifies whether to restart the calculation from any initial
values you provide. The default is FALSE.

States specifies the initial states of the controller.

Controller Gain specifies the gains that premultiply the States to
calculate the manipulated inputs to drive the system towards or
back to a reference.

error in describes error conditions that occur before this VI or
function runs. The default is no error. If an error occurred before
this VI or function runs, the VI or function passes the error in value
to error out. This VI or function runs normally only if no error
occurred before this VI or function runs. If an error occurs while
this VI or function runs, it runs normally and sets its own error
status in error out. Use the Simple Error Handler or General Error
Handler VIs to display the description of the error code. Use
exception control to treat what is normally an error as no error or to
treat a warning as an error. Use error in and error out to check
errors and to specify execution order by wiring error out from one
node to error in of the next node.

status is TRUE (X) if an error occurred before this VI or
function ran or FALSE (checkmark) to indicate a warning or
that no error occurred before this VI or function ran. The
default is FALSE.

code is the error or warning code. The default is O. If status
is TRUE, code is a honzero error code. If status is FALSE,
code is 0 or a warning code.

source specifies the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning. The default is an empty string.

Controller Action returns the current values of the control action.

error out contains error information. If error in indicates that an
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error occurred before this VI or function ran, error out contains the
same error information. Otherwise, it describes the error status
that this VI or function produces. Right-click the error out front
panel indicator and select Explain Error from the shortcut menu
for more information about the error.

status is TRUE (X) if an error occurred or FALSE
(checkmark) to indicate a warning or that no error occurred.

code is the error or warning code. If status is TRUE, code
Is a nonzero error code. If status is FALSE, code is 0 or a
warning code.

source describes the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning.
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Model Construction Vs

Owning Palette: Control Design VIs and Functions

Installed With: Control Design and Simulation Module. This topic might
not match its corresponding palette in LabVIEW depending on your
operating system, licensed product(s), and target.

Use the Model Construction VIs to create linear system models and
modify the properties of a system model. You also can use the Model
Construction VIs to save a system model to a file, read a system model

from a file,

or obtain a visual representation of a model.

The Vis on this palette can return general LabVIEW error codes or
specific control design error codes.

g%ljit:f Description

CD Constructs a digital filter model. You must manually select the

Construct |polymorphic instance to use.

Filter

Model

CD Constructs a phase-lead or a phase-lag controller model in

Construct [transfer function form. You must manually select the

Lead-Lag |polymorphic instance to use.

Controller

CD Constructs a PID model in transfer function form. You must

Construct |manually select the polymorphic instance to use.

PID

Model

CD Creates a random model in state-space, transfer function, or

Construct |zero-pole-gain representation. You can specify the sampling

Random |time, location of uncontrollable or unobservable states (for

Model state-space), and location of poles and zeros in the different
regions of the complex plane. You must manually select the
polymorphic instance to use.

CD Creates commonly used transfer function models. You must

Construct |manually select the polymorphic instance to use.

Special

TF Model
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CD
Construct
State-
Space
Model

T’

Creates a deterministic state-space representation of a
system using the matrices A, B, C, and D, and the Sampling
Time (s) You must manually select the polymorphic instance
to use.

CD
Construct
Transfer
Function
Model

Creates a transfer function representation of a system using
the Sampling Time (s), Numerator, Denominator, and
Delay. This VI also produces a transfer function model which
specifies the data in symbolic form. You must manually select
the polymorphic instance to use.

CD
Construct
Zero-
Pole-
Gain
Model

Creates a zero-pole-gain representation of a system using the
Zeros, Poles, Gain, Delay, and Sampling Time (s). This VI
also produces a zero-pole-gain model which specifies the
data in symbolic form. You must manually select the
polymorphic instance to use.

Displays the state-space equation of the State-Space Model.

Function
Equation

Displays the transfer function equation of the model. The data
type you wire to the State-Space Model input determines the
polymorphic instance to use.

CD Draw
Zero-
Pole-
Gain

Equation

Displays the zero-pole-gain equation of the model. The data
type you wire to the State-Space Model input determines the
polymorphic instance to use.

CD Read
Model
from File

Opens a file the Write Model to File VI created and reads all
the records in the file. Each record contains a separate
model. To retrieve all records in the file, all the models must
be in the same model representation. You must manually
select the polymorphic instance to use.

CD Write
Model to

Creates a new file or appends to an existing file, writes the
specified number of records to the file, then closes the file
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and checks for errors. Each record is a model. The data type
you wire to the State-Space Model input determines the
polymorphic instance to use.




CD Construct Filter Model VI

Owning Palette: Model Construction VIs

Installed With: Control Design and Simulation Module

Constructs a digital filter model. You must manually select the
polymorphic instance to use.

Use the pull-down menu to select an instance of this VI.

Select an instance -

u Place on the block diagram i Find on the Functions palette
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CD Construct Filter Model (Coefficients)
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Frequency (Hz) specifies the frequency, in hertz, of the digital filter
this VI creates. The default value is 1 Hz.

Reverse Coefficients (Denominator) specifies the reverse
coefficients of the digital filter this VI creates. The reverse
coefficients also are the coefficients of the denominator polynomial
function of the Transfer Function Model.

Forward Coefficients (Numerator) specifies the forward
coefficients of the digital filter this VI creates. The forward
coefficients also are the coefficients of the numerator polynomial
function of the Transfer Function Model.

error in describes error conditions that occur before this VI or
function runs. The default is no error. If an error occurred before
this VI or function runs, the VI or function passes the error in value
to error out. This VI or function runs normally only if no error
occurred before this VI or function runs. If an error occurs while
this VI or function runs, it runs normally and sets its own error
status in error out. Use the Simple Error Handler or General Error
Handler VIs to display the description of the error code. Use
exception control to treat what is normally an error as no error or to
treat a warning as an error. Use error in and error out to check
errors and to specify execution order by wiring error out from one
node to error in of the next node.

status is TRUE (X) if an error occurred before this VI or
function ran or FALSE (checkmark) to indicate a warning or
that no error occurred before this VI or function ran. The
default is FALSE.

code is the error or warning code. The default is 0. If status
is TRUE, code is a honzero error code. If status is FALSE,
code is 0 or a warning code.

source specifies the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
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the error or warning. The default is an empty string.

Transfer Function Model returns the transfer function this VI
constructs based on the inputs. To access and modify the data in
the model, use the Model Information VIs.

error out contains error information. If error in indicates that an
error occurred before this VI or function ran, error out contains the
same error information. Otherwise, it describes the error status
that this VI or function produces. Right-click the error out front
panel indicator and select Explain Error from the shortcut menu
for more information about the error.

status is TRUE (X) if an error occurred or FALSE
(checkmark) to indicate a warning or that no error occurred.

code is the error or warning code. If status is TRUE, code

IS a nonzero error code. If status is FALSE, code is 0 or a
warning code.

source describes the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning.
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CD Construct Filter Model (Specifications)

Specification
Sampling Frequency (Hz)
Coefficients Type *"_Ei Zero-Pole-Gain Model
Filter Type e
Crder L] iiFi errar ouk

Error in (no error) mﬂﬂ
High Cutaff Frequency (Hz)
Low Cuboff Frequency (Hz)

Specification specifies the passband ripple and stopband
attenuation of the filter.
[ passband ripple specifies the passband ripple, in decibels.
The default value is 0.1 dB.

[  stopband attenuation specifies the stopband attenuation,
in decibels. This parameter is valid only if you specify
Elliptic for the Coefficients Type parameter. The default
value of stopband attenuation is 60 dB.

[ sampling Frequency specifies the sampling frequency, in hertz,
of the filter. The value of this parameter must be greater 0, or
LabVIEW returns an error. The default value is 10 Hz.

Coefficients Type specifies the type of coefficients this VI
generates to create the filter. You also can specify the Order of
these coefficients.

0|Butterworth
1|Chebyshev
2 |Elliptic (default)

Filter Type specifies the type of filter this VI creates.

O|Lowpass
1 |Highpass
2|Bandpass
3|Bandstop (default)

Order specifies the order of the coefficients this VI generates to
create the filter. The default value is 2.



error in describes error conditions that occur before this VI or
function runs. The default is no error. If an error occurred before
this VI or function runs, the VI or function passes the error in value
to error out. This VI or function runs normally only if no error
occurred before this VI or function runs. If an error occurs while
this VI or function runs, it runs normally and sets its own error
status in error out. Use the Simple Error Handler or General Error
Handler VIs to display the description of the error code. Use
exception control to treat what is normally an error as no error or to
treat a warning as an error. Use error in and error out to check
errors and to specify execution order by wiring error out from one
node to error in of the next node.

status is TRUE (X) if an error occurred before this VI or
function ran or FALSE (checkmark) to indicate a warning or
that no error occurred before this VI or function ran. The
default is FALSE.

code is the error or warning code. The default is O. If status
is TRUE, code is a honzero error code. If status is FALSE,
code is 0 or a warning code.

source specifies the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning. The default is an empty string.

e

528 High Cutoff Frequency specifies the upper cutoff frequency, in
hertz, of the filter. The default value is 2 Hz. This parameter is valid
only if you specify Bandpass or Bandstop for the Filter Type
parameter. The value of the High Cutoff Frequency must be
greater than the value of the Low Cutoff Frequency and observe
the Nyquist criterion.

e

Lzt | ow Cutoff Frequency specifies the lower cutoff frequency, in
hertz, of the filter. The default value is 0.01 Hz. This parameter is
valid only if you specify Bandpass or Bandstop for the Filter
Type parameter. The value of the Low Cutoff Frequency must be
less than the value of the High Cutoff Frequency and observe the
Nyquist criterion.

@ Note If the Low Cutoff Frequency is less than or equal to
0 or is greater than half the Sampling Frequency, this VI
returns an error.
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Zero-Pole-Gain Model returns the zero-pole-gain form of the
digital filter this VI creates.

error out contains error information. If error in indicates that an
error occurred before this VI or function ran, error out contains the
same error information. Otherwise, it describes the error status
that this VI or function produces. Right-click the error out front
panel indicator and select Explain Error from the shortcut menu
for more information about the error.

status is TRUE (X) if an error occurred or FALSE
(checkmark) to indicate a warning or that no error occurred.

code is the error or warning code. If status is TRUE, code
is a nonzero error code. If status is FALSE, code is O or a
warning code.

source describes the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning.
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CD Construct Lead-Lag Controller Vi

Owning Palette: Model Construction VIs
Installed With: Control Design and Simulation Module

Constructs a phase-lead or a phase-lag controller model in transfer
function form. You must manually select the polymorphic instance to use.

Details

Use the pull-down menu to select an instance of this VI.

'Select an instance -

u Place on the block diagram i Find on the Functions palette
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CD Construct Phase-Lag Controller
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Gain (k)
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Unit Gain Normalization specifies the type of lead or lag
controller model you want to construct.

O|Below 0 dB
1{Above 0 dB

Gain (K) specifies the gain of the controller model equation.

Parameter (tau) specifies the tau parameter of the controller
model equation.

Beta specifies the beta parameter of the phase-lag controller
model equation. The value of this parameter must be greater than
1. If you enter a value less than 1, LabVIEW coerces the value to
be 1.

error in describes error conditions that occur before this VI or
function runs. The default is no error. If an error occurred before
this VI or function runs, the VI or function passes the error in value
to error out. This VI or function runs normally only if no error
occurred before this VI or function runs. If an error occurs while
this VI or function runs, it runs normally and sets its own error
status in error out. Use the Simple Error Handler or General Error
Handler VIs to display the description of the error code. Use
exception control to treat what is normally an error as no error or to
treat a warning as an error. Use error in and error out to check
errors and to specify execution order by wiring error out from one
node to error in of the next node.

status is TRUE (X) if an error occurred before this VI or
function ran or FALSE (checkmark) to indicate a warning or
that no error occurred before this VI or function ran. The
default is FALSE.

code is the error or warning code. The default is O. If status
is TRUE, code is a honzero error code. If status is FALSE,
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----------

----------

code is 0 or a warning code.

source specifies the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning. The default is an empty string.

Transfer Function Model returns the mathematical representation
of the phase-lag or phase-lead controller.

)l wn returns the frequency, in rad/s, at which the Max Phase of the

Transfer Function Model occurs.

Max Phase returns the maximum phase, in degrees, of the
Transfer Function Model.

error out contains error information. If error in indicates that an
error occurred before this VI or function ran, error out contains the
same error information. Otherwise, it describes the error status
that this VI or function produces. Right-click the error out front
panel indicator and select Explain Error from the shortcut menu
for more information about the error.

status is TRUE (X) if an error occurred or FALSE
(checkmark) to indicate a warning or that no error occurred.

code is the error or warning code. If status is TRUE, code
Is a nonzero error code. If status is FALSE, code is O or a
warning code.

source describes the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning.
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CD Construct Phase-Lead Controller

Init Gain Mormalization
Time Conskank (kau) — |

Error in (no error)

Gain (k) = Transfer Funckion Model
. = Maximum Phase-Lead Frequenc. ..

alpha —l — Mazxirmum Phase-Lead (deq)
—J e
errar auk

Unit Gain Normalization specifies the type of lead or lag
controller model you want to construct.

O|Below 0 dB
1{Above 0 dB

Gain (K) specifies the gain of the controller model equation.

Parameter (tau) specifies the tau parameter of the controller
model equation.

Alpha specifies the alpha parameter of the phase-lead controller
model.

error in describes error conditions that occur before this VI or
function runs. The default is no error. If an error occurred before
this VI or function runs, the VI or function passes the error in value
to error out. This VI or function runs normally only if no error
occurred before this VI or function runs. If an error occurs while
this VI or function runs, it runs normally and sets its own error
status in error out. Use the Simple Error Handler or General Error
Handler VIs to display the description of the error code. Use
exception control to treat what is normally an error as no error or to
treat a warning as an error. Use error in and error out to check
errors and to specify execution order by wiring error out from one
node to error in of the next node.

status is TRUE (X) if an error occurred before this VI or
function ran or FALSE (checkmark) to indicate a warning or
that no error occurred before this VI or function ran. The
default is FALSE.

code is the error or warning code. The default is O. If status
is TRUE, code is a honzero error code. If status is FALSE,
code is 0 or a warning code.
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source specifies the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning. The default is an empty string.

Transfer Function Model returns the mathematical representation
of the phase-lag or phase-lead controller.

)l wn returns the frequency, in rad/s, at which the Max Phase of the

Transfer Function Model occurs.

Max Phase returns the maximum phase, in degrees, of the
Transfer Function Model.

error out contains error information. If error in indicates that an
error occurred before this VI or function ran, error out contains the
same error information. Otherwise, it describes the error status
that this VI or function produces. Right-click the error out front
panel indicator and select Explain Error from the shortcut menu
for more information about the error.

status is TRUE (X) if an error occurred or FALSE
(checkmark) to indicate a warning or that no error occurred.

code is the error or warning code. If status is TRUE, code
Is a nonzero error code. If status is FALSE, code is 0 or a
warning code.

source describes the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning.
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CD Construct Lead-Lag Controller Details
This VI uses the following equations to calculate the outputs:

Phase-Lag | Phase-Lead
Controller Controller
Transfer Function Model, if Unit Gain K.ﬁ.(ﬁ) pr1| & (ZEL) 0ceca
Normalization is Below 0dB
Transfer Function Model, if Unit Gain (;js—trll) g1 | & -(ﬁ) 0<adl
Normalization is Above 0dB
El il
wn ol i
Max Phase % : asin(j‘—;%) %- asin(j:_l'__i_':;)




CD Construct PID Model VI

Owning Palette: Model Construction VIs
Installed With: Control Design and Simulation Module

Constructs a PID model in transfer function form. You must manually
select the polymorphic instance to use.

Details
Use the pull-down menu to select an instance of this VI.

Select an instance M

u Place on the block diagram i Find on the Functions palette
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CD Construct PID Model (Academic)

High Frequency Time Constan. ..

Proportional Gain (ko) = Transfer Funckion Model
: i ST
Inteqgral time [5] (Ti)

Derivative time [s] (Td) mr“ i error out
errar in

e
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([oELY

(e

(e

Proportional Gain (Kc) represents the proportional gain of the
controller. In the equation that defines the PID Academic form, K,

represents the proportional gain. The default is 1.

Integral Time [s] (Ti) is the controller parameter that adjusts the
effect of the error integral term E(s)/s on the controller output U(s).
In the equation that defines the PID Academic form, T; represents

the integral time. The default is O.

Derivative Time [s] (Td) is the controller parameter that adjusts
the effect of the error derivative term sE(s) on the controller output
U(s). In the equation that defines the PID Academic form, T,

represents the derivative time. The default is 0. The default PID
Academic controller does not use derivative time.

error in describes error conditions that occur before this VI or
function runs. The default is no error. If an error occurred before
this VI or function runs, the VI or function passes the error in value
to error out. This VI or function runs normally only if no error
occurred before this VI or function runs. If an error occurs while
this VI or function runs, it runs normally and sets its own error
status in error out. Use the Simple Error Handler or General Error
Handler VIs to display the description of the error code. Use
exception control to treat what is normally an error as no error or to
treat a warning as an error. Use error in and error out to check
errors and to specify execution order by wiring error out from one
node to error in of the next node.

status is TRUE (X) if an error occurred before this VI or
function ran or FALSE (checkmark) to indicate a warning or
that no error occurred before this VI or function ran. The
default is FALSE.

code is the error or warning code. The default is 0. If status
is TRUE, code is a honzero error code. If status is FALSE,
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code is 0 or a warning code.

source specifies the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning. The default is an empty string.

constant T this VI uses to make the PID model a proper system.
The default is 0.
Transfer Function Model returns the transfer function this VI

constructs based on the inputs. To access and modify the data in
the model, use the Model Information VIs.

error out contains error information. If error in indicates that an
error occurred before this VI or function ran, error out contains the
same error information. Otherwise, it describes the error status
that this VI or function produces. Right-click the error out front
panel indicator and select Explain Error from the shortcut menu
for more information about the error.

status is TRUE (X) if an error occurred or FALSE
(checkmark) to indicate a warning or that no error occurred.

code is the error or warning code. If status is TRUE, code
Is a nonzero error code. If status is FALSE, code is O or a
warning code.

source describes the origin of the error or warning and is, in
most cases, the name of the VI or function that produced
the error or warning.
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CD Construct PID Model (Parallel, Continuous)

High Frequency Time Constan. ..

Proportional Gain (Kp) ="_Dr|:| Transfer Funckion Model
Inteqgral Gain (ki) "%

Detivative Gain (Kd) mr error out
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Proportional Gain (Kp) represents the proportional gain of the
controller. In the equation that defines the PID Parallel form, Kp

represents the proportional gain. The default is 1.

Integral Gain (Ki) is the controller parameter that adjusts the
effect of the error integral term E(s)/s on the controller output U(s).
In the equation that defines the PID Parallel form, K; represents the

integral gain. The default is O.

Derivative Gain (Kd) is the controller parameter that adjusts the
effect of the error derivative term sE(s) on the controller output
U(s). In the equation that defines the PID Parallel form, K4

represents the derivative gain. The default is 0.

error in describes error conditions that occur before this VI or
function runs. The default is no error. If an error occurred before
