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1 Introduction

What Is the Parameter Estimation Blockset

The Parameter Estimation Blockset (PEB) is a Simulink® based product for

estimating/calibrating model parameters from experimental data. This
product supports

¢ DC Estimation—Tune DC parameters (e.g., resistance in RLC circuit) to best
match the steady-state values observed at different operating points.

Transients are ignored and trimming is used to obtain steady-state values
from the Simulink model.

¢ Transient Estimation—Estimate parameters by comparing model output
history and experimental data for a given input.

e Adaptive Look-Up Tables—Estimate the table values at the prescribed
breakpoints using measurements from the physical system.

The Parameter Estimation Blockset provides graphical user interfaces (GUIs)
to do the following:

e Set up the problem
® Specify which model parameters to estimate

¢ Import and preprocess the experimental data

¢ Follow the estimation progress

e Validate the estimation results through various plots



Installation

Installation

Instructions for installing the Parameter Estimation Blockset can be found in
the MATLAB® Installation documentation for your platform. We recommend
that you store the files from this toolbox in a subdirectory named paramest
under the main matlab directory. To determine if the Parameter Estimation
Blockset is already installed on your system, check for a subdirectory named
paramest within the main blockset directory or folder.
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Demos

The Parameter Estimation Blockset provides demonstration files that show
you how to use the blockset to perform control design tasks in various settings.
To run these demos, type

demo

at the MATLAB prompt. This opens the Demos pane in the Help browser.
Select Blocksets and then Parameter Estimation to see a list of available
demos. Alternatively, if you have the Help browser open, you can select the
Demos pane directly and follow the same procedure.



Getting Started

Introduction (p. 2-2)

Setting Up the Estimation Problem
(p. 2-3)

Running an Estimation (p. 2-10)

Selecting Views for Plotting (p. 2-9)

Setting Options for the Simulation
(p. 2-20)

Setting Options for Optimization
(p. 2-17)

The estimation problem

What needs to be initialized to run an estimation

Steps involved in the actual estimation of parameters and
initial conditions

Plotting cost functions

How to select simulation time and solvers for your
Simulink model to use while estimation occurs

Fine tuning the optimization process for your estimation
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Introduction

Simulink Parameter Estimation compares empirical data with data generated
by a Simulink model. Using optimization techniques, it estimates states and/or
parameters so that a user-defined cost function, typically involving the
mean-square error between the two data signals, is minimized.

Note It is not necessary that you have a strong background in optimization
theory or practice, but as you gain insight into the use of Simulink Parameter
Estimation, you may find it helpful to consult the Optimization Toolbox User’s
Guide for more details about optimization algorithms.




Sefting Up the Estimation Problem

Setting Up the Estimation Problem

Before beginning the estimation process, you must set up the problem so that
the appropriate parameters, solvers, cost functions, etc., are in place. Simulink
Parameter Estimation provides a GUI that makes this setup process quick and
easy. This section describes how to use this GUI to do a complete setup.

To show the steps of the setup, open a nonlinear model of an automotive
engine’s idle speed by typing

engine_idle_speed

at the MATLAB prompt. This model opens.

E!engine_idle_speed ! ;Iglll

File Edit WYiew Simulation Format Tools Help

Idle Speed Engine Model
Copyright (o) 2002-2003 The Mathiiorks, Inc.

Monlinearities  Linear Dynamics

Idie
Speed

Engine Speed
Trmnsporn 9 P
Dz

Trnsfer Fen2

Ready [1o02 |odets v
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To open the Control and Estimation Tools Manager, select Parameter

Estimation from the engine idle speed model’s Tools menu.

<} Control and Estimation Tools Manager
File Edit Tools Help

—10fx]

ot 0| |

Workspace

Project - engine_idle_speed
g Po

Default Cperating Po

Operating Points | Creste Operating Poirts

The available operating points given below:

Operating Point Description

odel intial cond

Steady-State Data
Wariahles
stimation

Impart... | Delete |

Compute operating points far a linearization.

QRN

Control and Estimation Tools Manager

You can use the Simulink Control and Estimation Tools Manager to specify:

® Parameters to be estimated
® Cost functions

¢ Experimental data to be matched by your Simulink model

¢ Initial operating conditions (initial conditions) of your model
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Importing Transient Data

To import measured (empirical) data, select Transient Data under the
Estimation Task folder in the Control and Estimation Tools Manager.
Right-click on Transient Data and select Add to create a new data set. The
engine speed model has measured data included with it in an array called
iodata. Click Edit in the Transient Data Sets panel to open a data panel in the
tools manager.

<} Simulink Parameter Estimation =]

File Wiew Help

0| &8

Wrkspace Input Deta | Output Data | State Data

Project - engine_idle_speed A ssign Data to Block

) Operating Points

f.é Default Operating Po Block Name

=53] Estimation Task Dt |
gine_idle_speed/BPAYV

Channel - 1 - | - | 1

Experimental Data
Titne § Ts | Wieight

Lencth

[ validation

Impart... | Pre-process... | Clear Al |

4 | B

Select the tabbed panels to configure the transient data set. v

Data Importing in the Simulink Control and Estimation Tools Manager

The iodata array contains 2 columns, the first for input data and the second
for output data. Time is stored in a separate array called time. Starting with

2-5
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<) Data Import x|

the Input Data tab, double-click on the Data cell and click Import. This opens
the Data Import window.

By default, the Data Import window looks at all files and
variables in the MATLAB workspace. You can specify

searches for MAT-files, Micorsoft Excel (XLS) files, CSV files,
or ASCII flat files.

Impart from: I Workspace ™ l

Wariahle Name | Size | Eytes | Class |
@gainS 1x1 FomiE =
@iodata TA01x2 120016 double
@mean_speed 11 8 double%_l
@time Ta01x1 60008 double LI

* Azsign columns |1| to selected channel(s)

List of available data.

| In the case of multi-column data, select the column(s) you
want to import.

If your array is transposed, that is, if the data is organized

(o Azsign rows I to selected channel(s)

Impart | Close | Help |

in rows instead of columns, specify row numbers here.

Use the Data Import Window to Select Your Data

To import input data, select iodata from the list of variable names, then enter
1 in the Assign columns field. Then click Import.

To import the time vector, follow the same procedure using the Time/Ts cell.
To import the output data, select the Output Data tab and enter the data in
the Output Data cell. Use the second column of the iodata array; that is,
specify 2 is the Assign columns field.

Specifying Operating Conditions
To see the default operating points, both initial states and inputs, select
Default Operating Points from the Operating Points folder in the left panel of



Sefting Up the Estimation Problem

the Simulink Control and Estimation Tools Manager. All default values are
changeable, but for this example, use the default values.

<) Control and Estimation Tools Manager ;Iglll
File Edit Tools Help
kD |
g State | Walug
a2 gine_idle_speediTr fer Fcn
Operating Points Stete - 1 I 0
Default 3
= State - 2 a
= Estimation Task 5 ’ e e TR (o] I
[EH[T Transient Data |Stat= 1 _ICe_sh = cll I o
G
;‘.‘3,] Mewe Diata
Steady-State Data |State_ 2 - = = I o
eriables |engine_idle_speediTr Fcn2
2 Estimation |3tate - 1 | 0
Wiews State - 2 | o
_ §0 mene wisa
L ‘alication
‘ I I _’I Sync with Mocel |
4
=
Initial conditions for a model. % A4

Specify New Initial Conditions on the Operating Points Page

If you want to import new initial conditions from your Simulink model, click
Sync with model.
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Selecting Parameters for Estimation

To select parameters for estimation, select the Variables node. When the
Global Parameters page opens, click Add to open the Select Parameters
window.

<} Select Parameters x|

~Select additional parameters to estimate

By default, Select Parameters window looks at all

[Marne Size | . )
darmp! T = variables in the MATLAB workspace.
champ2 1 %1
clamp3 1 %1
clelay 1 %1
freqt 11 List of available data.
freg2 1 %1

Use your mouse to select data. Hold Shift down to
select adjacent parameters. Hold Ctrl down to select
non-adjacent parameters.

Ok | Cancel | Help | Apply |

Select Parameters Window

For this example, select the last four: gain1, gain2, gain3, and mean_speed. In
general estimations you can, of course, select fewer or more variables. Often, it
is more practical to estimate a small group of parameters and use the final
estimated values as a starting point for further estimation of other, trickier
parameters. Making these sorts of choices involves experience, intuition, and a
solid understanding of your Simulink model’s strengths and limitations.

2-8
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Selecting Views for Plotting

You can watch the minimization process occur by right-clicking on Views and
selecting Add. In the views window that opens, click Edit to open the View

Setup tab.

<} Control and Estimation Tool

File Wiew Help

s Manager

=10l x|

o D= H

Tranzient Data
”3] ey Data
Wariahles
Estimation

e Estimation
Wigns

[ validation

“iewy Setup
~Select Plot Type:

( Plat Murmber Plat Type Plat Title:
Plat 1 Cost Function
Plat 2 [hone)
Plat 3 [hone)
Plat 4 [hone)
Plat 5 [hone)
Plat & [hone)
~Option:
Estimation | Pt
Mewy Estimation

Show Plats |

Configure dynamic views.

=
s =
4

Check Plot in the Options panel, and then click Show Plots. This opens a plot

window for the cost function. When you run your estimation, the plot updates
automatically.

2-9
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Running an Estimation

2-10

You are now ready to set up and run an estimation.

Adding Data Sets

Select Estimation from the directory tree and then right-click Add.

<) Control and Estimation Tools Manager ;IQILI
File Wiew Help
= = = I )
Warkspace Dsta Sets | parameters | States | Estimation |
Data zets used for estimation FOutput data weight
[ Transient Estimstion =1 Port(charnel) |  Length | eight
gine_idle_speed/Engine Sp
Stz et i Channel-1 | 7501 [ 1
-
_ §0 mene wisa
L ‘alication
=
Select Al Clear &l |
« | ™
El
5
Configure your estimation here. ]

Select New Data to add your engine data to the estimation.



Running an Estimation

Specifying and Setting Up Parameters

You can use the Parameters window to select which parameters to estimate
and the range of values for the estimation.

<) Control and Estimation Tools Manager - |EI|1|
File Wiew Help
k0| ||
Warkspace Data Sets  Paramsters | states | Estimation |
Project - engine_idle_speed ~Estimation parameter
Operating Points
Diefault Opersting P | Mame “alug Estimate Initial Guess IdinirmLin fdaxirnumm Typical Yalue
= E:l, Estimation Task oyaind 124 .44 o ’ -Inf +nf i
=] Transient Data ain? 24581 WV 35 -Inf +nf gain2
4] Mew Data gain3 20.442 I 5 -Int +Inf gain3
“ariables mean_speed 73057 WV 00 -Inf +nf mean_speed
&y Estimation
Wigns
§0 mene wisa
Cg walidation
Initialize: Reset to Global Save to Glohal |
<| |
El
-
Configure your estimation here. &

Select the parameters you want to estimate in the Estimate column. Enter
initial values for your estimation parameters in the Initial Guess column. The
default values in the Minimum and Maximum columns are - Inf and Inf,
respectively, but you can select any range you want. If you have good reason to
believe a parameter lies within a finite range, it is usually best not to use the
default minimum and maximum values. Often there is computational
advantage in specifying finite bounds if you can.

For this example, set gain1 to 10, gain2 to 100, gain3 to 50, and mean_speed
to 500. Or, use any initial values you like.

2-11
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Opening the Estimation Window

Select the Estimation tab to open the Estimation window.

<) Control and Estimation Tools Manager ;Iglll

File Wiew Help

¢t 0| & [[E

Wiorkspace Data Sets | Parameters | States Estimtion |
~Estimation progre:

Operating Points
}_é Diefault Opersting P fteration | Function Countl Cost Function | Step Size Procedure | Estimation Settings... |
1) Estirnation Task |
[ Transiert Data Display Options... |
147] Mew Data
ariables

Estimation

g% = Start |
§0 mene wisa

[ alidation [~ Show estimation progress

4 | B

=
=
4

Configure your estimation here.

Before you start, you can select optimization settings to specify various
algorithm features. See “Selecting Optimization Methods” on page 2-17 for
more information.
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Running an Estimation

Display Options

Clicking Display Options opens this window.

<) Display Options

~Select to show in progress table

i

[V Function Court
[V Cost Function
i Step Size

¥ Procedurs

Ok Cancel Help

Apply

By default, all boxes are checked. Uncheck any
feature that you don't want to view during the
estimation process.

2-13
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Running the Estimation

Click Start to begin the estimation. At the end of the iterations, the window
should look something like this.

<) Control and Estimation Tools Manager
File Wiew Help

=10l x|

D e |
Wrkspace Data Sets | Parameters | States  Estimation
roject - engine_jdle_speed ~Estifmiation progre
Operating Points
}_é Diefault Opersting P fteration Function Count| Cost Function Step Size Procedure | Estimation Settings... |
2] Estimation Task [ s 1.71958+008  |Mall |
([} Transient Data 1 23 2.4327e+007  |S00.76 Display Options... |
4] Mew Data 2 32 5.0016e+006  [247
“ariahles 3 4 G.0357e+006  |1.5259
stimation 4 a0 5.7528e+006 |1 6748
Merw Estirmation & a9 5.7158e+006  |1.3565
h 5 G& 5651 2e+006  |3.7609
Wigwes 7 77 5 6565e+006  [1.315
I Mew view || B &5 56515e+006 1 4234 IV Show estimation pragress
(g validation ] 94 S6512e+006 1113
10 102 S6511e+006  [1.1137
11 110 S6511e+006  [1.0299
12 118 S6511e+006  [1.0333
13 119 S6511e+006 |1
]
4 | ®

Iteration 13 complete
Estimation completed.

Configure your estimation here.

QLU




Running an Estimation

The Estimation page displays each iteration of the optimization algorithm. To
see the final values for the parameters, go to the Parameters page.

<) Control and Estimation Tools Manager - |EI|1|
File Wiew Help
k0| ||
Warkspace Data Sets  Paramsters | states | Estimation |
Project - engine_idle_speed | ot ation parameter
Operating Points
Diefault Opersting P | Mame “alug Estimate Initial Guess IdinirmLin fdaxirnumm Typical Yalue
E:l, Estimation Task oyaind 124 .44 o ’ -Inf +nf i
([ Transient Data ain? 24581 WV 35 -Inf +nf gain2
4] Mew Data gain3 20.442 I 5 -Int +Inf gain3
“ariables ean_speed 730357 W 500 -Inf +nf mean_speed
Estimation
Wigns
_ §0 mene wisa
L ‘alication
Initialize: Reset to Global Save to Glohal |
« | &
El
-
Configure your estimation here. &

The final values are

® gainil = 124.44
® gain2 = 24.591
® gain3 = 20.442
® mean_speed = 730.37

2-15
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The cost function minimization is plotted below.

. Figure 1 10l =|
File Edit Wiew Insert Tools Desktop Window Help N
D& hRAOME €08/ =0
o Cost Function
L) T T T T T T
5
£ 40t 4
£
i
B
a
=
q
£ 107k 4
T
10F I I I I I I
) 2 4 5 ) L) 12 14
lteration Mumber [count)

If the optimization went well, you should see your cost function converge on a
minimum value.

2-16
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Setting Options for Optimization

There are several options that can be set to tune the results of the optimization,
including the optimization algorithm and the tolerances the algorithms use. To
set options for optimization select Optimization -> Optimization Options in
the Signal Constraint window.

«) Options x|

Simulstion Options  Sptimization Options I
Optimization Method

Algorthm: | oninear Least Squares ¥ | Mol Size: I Medium Scale T I
Optirnization Cptions

hdairum charde: Im haximum fun evals: 400

MirirLm chanoe: |1 ] hawimum terstions: 100

Parameter tolerance: ID oo Function talerance: 0.

Dizplay level: I terations - I Gradiert type: I Bazic - I

Cost function; SSE - [ Use robust cost

Ok | Cancel | Help | Apply |

Selecting Optimization Methods

Both the algorithm and model size define the optimization method. For the
Algorithm parameter, the two options are Function Minimization and
Simplex Search. Function Minimization uses the Optimization Toolbox
function fmincon to optimize the response signal subject to the constraints.
Simplex Search uses the Optimization Toolbox function fminsearch, a direct
search method, to optimize the response. Simplex Search is most useful for
simple problems and is sometimes faster than Function Minimization for
models that contain discontinuities. By default, the Model Size parameter is
set to Medium Scale. When the model is very large and Function Minimization
is selected as the optimization algorithm, Model Size can be changed to Large
Scale to increase computation speed. See the Optimization Toolbox
documentation for more information about the optimization methods.

2-17
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Selecting Optimization Termination Options

There are also several options that define when the optimization will
terminate:

¢ Parameter tolerance—Optimization will terminate when successive
parameter values change by less than this number.

¢ Constraint tolerance—This number represents the maximum amount by
which the constraints can be violated and still allow a successful
convergence.

® Function tolerance—The optimization will terminate when successive
function values are less than this value. Changing the default Function
tolerance value is only useful when you are tracking a reference signal or
using the Simplex Search algorithm.

¢ Maximum iterations—The maximum number of iterations allowed. The
optimization will terminate when the number of iterations exceeds this
number.

By varying these parameters you can force the optimization to continue
searching for a solution or to continue searching for a more accurate solution.

Selecting Additional Optimization Options

Additional options for optimization include

¢ Display level—This option specifies the form of the output that appears in
the Optimization Progress window. The options are Iter which displays
information after each iteration, Off which turns off all output, Notify
which displays output only if the function does not converge, and Final
which only displays the final output. Refer to the Optimization Toolbox
documentation for more information on what type of iterative output each
algorithm displays.

¢ Restarts—In some optimizations the Hessian may become ill-conditioned
and the optimization does not converge. In these cases it is sometimes useful
to restart the optimization after it stops, using the end-point of the previous
optimization as the starting point for the next one. To automatically restart
the optimization, indicate the number of times you want to restart in this

field.



Setting Options for Optimization

¢ Gradient Type—When using Function Minimization as the Algorithm,
Simulink Response Optimization calculates gradients based on finite
difference methods. The Refined method offers a more robust and less noisy
gradient calculation method than Basic although it does take longer to run
optimizations using the Refined method and it is usually only useful when a
fixed-step solver is being used.

Specifying the Cost Function

The cost function is a function that optimization algorithms attempt to
minimize. You have the following options when selecting a cost function.

¢ Cost function—The default is SSE (steady-state error), which uses a
least-squares approach.

¢ Use robust cost— Makes the optimizer use a robust cost function instead of
the default least-squares cost. This is useful if the experimental data has
many outliers.

2-19
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Setting Options for the Simulation

To optimize the response signals of a model, Simulink Response Optimization
runs simulations of the model. You can set options for these simulations by
selecting Optimization -> Simulation Options in the Signal Constraint
window.

<) options x|

g e DpieE

Sirmulation Tirme

Start tine: Iauto Stop tirne: Iau‘fo

Salver Options

Type: I\-’ariable-step 'I Salver: Inde45 (Darmand-Prince) LI

Maxirmum step size:  |auto Relative tolerance: ID.DD1
Mlinifum step size:  |auto Ahzolute tolerance: I‘I e-006

Initial step size: aLto Fero crozsing control: | On hd

1k | Cancel | Help | Apply |

By default, the Start time and Stop time are automatically computed based on
the start and stop times used in the model. To specify alternative start and stop
times for the response optimization, enter them under Simulation Time.

Selecting Solvers

When running the simulation, Simulink solves the dynamic system using one
of several solvers. You can specify several Solver Options. The Type of solver
can be Variable-step or Fixed-step. Variable-step solvers keep the error
within specified tolerances by adjusting the step-size the solver uses.
Fixed-step solvers use a constant step-size. When your model’s state’s are
likely to vary rapidly, a variable-step solver is often faster.

Variable-Step Solvers

When you select Variable-step, you can choose any of the following as the
Solver:

2-20
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¢ discrete (no continuous states)
* ode45 (Dormand-Prince)

* ode23 (Bogacki-Shampine)

* 0odell3 (Adams)

* odel5s (stiff/NDF)

® ode23s (stiff/Mod. Rosenbrock)
® ode23t (Mod. stiff/Trapezoidal)
* ode23tb (stiff/ TR-BDF2)

See the Simulink documentation for information on these solvers.

Variable-Step Solver Options

When you select Variable-step, you can also set several other parameters that
affect the step-size of the simulation:

* Maximum step size: the largest step-size Simulink can use during a
simulation

¢ Minimum step size: the smallest step-size Simulink can use during a
simulation

¢ Initial step size: the step-size Simulink uses to begin the simulation

* Relative tolerance: the largest allowable relative error at any step in the
simulation

® Absolute tolerance: the largest allowable absolute error at any step in the
simulation

® Zero crossing control: set to on for the solver to compute exactly where the
signal crosses the x-axis. This is useful when using functions that are
non-smooth and the output depends on when a signal crosses the x-axis, such
as absolute values.

By default, Simulink automatically chooses values for these options. To choose
your own values, enter them in the appropriate fields. For more information on
these options, and the circumstances in which to use them, see the Simulink
documentation.

Fixed-Step Solvers
When you select Fixed-step, you can choose any of the following as the Solver:

¢ discrete (no continuous states)

2-21
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¢ ode5 (Dormand-Prince)
® ode4 (Runge-Kutta)

* ode3 (Bogacki-Shanpine)
® ode2 (Heun)

® odel (Euler)

See the Simulink documentation for information on these solvers.

When you select Fixed-step is selected as the solver type, you can also set
Fixed step size which determines the step-size the solver uses during the
simulation. By default, Simulink automatically chooses a value for this option.
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Lookup Tables

Lookup tables are used to store numeric data in a multi-dimensional array
format. In the simpler two-dimensional case, lookup tables can be represented
by matrices. Each element of a matrix is a numerical quantity, which can be
precisely located in terms of two indexing variables. At higher dimensions,
lookup tables can be represented by multidimensional matrices, whose
elements are described in terms of a corresponding number of indexing
variables.

Lookup tables provide a means to capture the dynamic behavior of a physical
(mechanical, electronic, software) system. The behavior of a system with M
inputs and N outputs can be approximately described by using N lookup tables,
each consisting of an array with M dimensions.

Lookup tables are usually generated by experimentally collecting or artificially
creating the input and output data of a system. In general, as many indexing
parameters are required as the number of input variables. Each indexing
parameter may take a value within a pre-determined set of data points, which
are called the breakpoints. The set of all breakpoints corresponding to an
indexing variable is called a grid. So, a system with M inputs is girded by M
sets of breakpoints. Given the input data, the breakpoints are then used to
locate the array elements, where the output data of the system are stored. For
a system with N outputs, N array elements are located and the corresponding
data are stored at these locations.

Once a lookup table is created using the input and output measurements as
described above, the corresponding multi-dimensional array of values can be
used in applications without the need of re-measuring the system outputs. In
fact, only the input data is required to locate the appropriate array elements in
the lookup table and the approximate system output can be read from the data
stored at these locations. Therefore, a lookup table provides a suitable means
of capturing the input-output mapping of a static system in the form of numeric
data stored at pre-determined array locations.
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Adaptive Lookup Tables

The generation of lookup tables as described above establishes a permanent
and static mapping of input-output behavior of a physical system. Statically
defined lookup tables cannot accommodate the ¢time-varying behavior
(characteristics) of a physical plant. On the other hand, it is well known that
the behavior of actual physical systems often vary with time due to wear,
environmental conditions, and manufacturing tolerances. Under such
variations, the static mapping of input-output behavior of a plant described by
the lookup table may no longer provide a valid representation of the plant
characteristics.

Adaptive lookup tables, on the other hand, incorporate the time-varying
behavior of physical plants into the lookup table generation and maintenance
process while providing all of the functionality of a regular lookup table.

The adaptive lookup table receives the input and output measurements of a
plant's behavior, which are then used to dynamically create and update the
content of the underlying lookup table. In addition to requiring the input data
to create the lookup table, the adaptive lookup table also uses the output data
of the plant to recalculate the table values. As an example, the output data of
the plant can be collected by placing sensors at appropriate locations in a
physical system.

The input measurements are used to locate the array elements by comparing
these input values with the breakpoints defined for each indexing variable.
Next, the output measurements are used to recalculate the numeric value
stored at these array locations. However, unlike a regular table, which only
stores the array data before the actual use of the lookup table, the adaptive
table continuously improves the content of the lookup table. This continuous
improvement of the table data is referred to as the adaptation or learning
process.

The adaptation process involves statistical and signal processing algorithms to
recapture the input-output behavior of the plant. The adaptive lookup table
always tries to provide a valid representation of the plant dynamics even
though the plant behavior may be time varying. The underlying signal
processing algorithms are also robust against reasonable measurement noise
and they provide appropriate filtering of noisy output measurements.
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Implementation of Adaptive Lookup Tables

The adaptive lookup tables are implemented as Simulink blocks. They create
multi-dimensional lookup tables from measured or simulated data. The inputs
and outputs of a 2-D Adaptive Lookup Table block are shown below.

—pe 2-0 Tixz)

Zout ——
—®=Zin
e TN Cell Mo ———
—= Enakble

Tout i
—e{Lock

Adaptive Look-Up
Table (n-[v

Adaptive Lookup Table Block Showing Inputs and Outputs]

The following are descriptions of the input and output parameters:

¢ The inputs X and Zin are the coordinate data and system output
measurements, respectively. For example, if you want to create a lookup
table to model the behavior of an engine’s efficiency as a function of engine
rpm and manifold pressure, X = [rpm, pressure] and Zin = [efficiency].

® The initial table data may be entered either as a dialog parameter (by
double-clicking on the block) or as an input port (i.e., the input port Tin in
the figure). You can start/stop/reset the adaptation through the Enable input
port.

® The outputs of the adaptive lookup table block include the value of the
currently adapted table cell (Zout), the number (Cell No) of that cell (which
may be specified through the block dialog), and if required, the whole
adapted table data (Tout).
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Adaptive Lookup Table Library

There are three adaptive lookup tables available in Simulink Parameter

Estimation.
E!Lihrary: spelookup - |EI|1|
File Edit WYiew Format Help
Adaptive Lookup Tables
1.0 T(u) 2.0 T(u) n-D T(u)
W M ¥ M W M
Adaptive Lookup Adaptive Lookup Adaptive Lookup
Table (10 Stair-Fit) Table (20 Stair-Fit) Table (D Stair-Fit)
Simulink Pararmeter Estimation 1.0
Copyright (o) 2001-2004 The Mathiiorks, Inc.

The three blocks are:

¢ “Adaptive Look-Up Table (1-D)” on page 5-2 — One dimensional adaptive

lookup

¢ “