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Product Overview

Product Overview

Simulink® Parameter Estimation™ software is a Simulink-based product for
estimating and calibrating model parameters from experimental data. This
product supports the following types of estimation:

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

e Initial Condition Estimation — Estimate the initial conditions of states
using experimental data.

¢ Adaptive Lookup Tables — Estimate the table values at the prescribed
breakpoints by using measurements from the physical system.

Simulink Parameter Estimation software provides the tools used to:
1 Set up the problem.
2 Specify which model parameters to estimate.

3 Import and prepare the experimental data for parameter estimation (or
preprocess).

4 View the estimation progress.

5 Validate the estimation results based on plots of measured versus.
simulated data and residuals.
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What You Need to Get Started

In this section...

“Prerequisite Software and Optional Software” on page 1-4

“Required Knowledge” on page 1-4

“Demos” on page 1-4

Prerequisite Software and Optional Software

Simulink® Parameter Estimation™ software requires MATLAB® technical
computing software, Simulink® software, and Optimization Toolbox™
software.

Several of The MathWorks™ products are relevant to the kinds of task
you can perform with Simulink Parameter Estimation software. For more
information about any of these products, see the

e MathWorks Web site at
http://www.mathworks.com/products/simparameter/related.jsp

¢ Online documentation for related products, if they are installed on your
system

Required Knowledge

It is not necessary that you have a strong background in optimization theory
or practice. As you gain familiarity with Simulink Parameter Estimation
software, you might find it helpful to consult the Optimization Toolbox
documentation for more details about optimization algorithms.

Demos

Simulink Parameter Estimation demonstration files show you how to use the
software to perform control design tasks in various settings. To run these
demos, type

demo


http://www.mathworks.com/products/simparameter/related.jsp

What You Need to Get Started

at the MATLAB prompt. This opens the Demos pane in the Help browser.
Select Simulink > Simulink Parameter Estimation to list the available
demos. Alternatively, if you have the Help browser open, you can select the
Demos pane in the Help browser and then select Simulink > Simulink
Parameter Estimation.

1-5
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How Simulink® Parameter Estimation™ Software Works

In this section...

“Basic Steps in the Estimation Process” on page 1-6

“Structure of an Estimation Project” on page 1-7

“Adding, Deleting and Renaming an Estimation Project” on page 1-8

Basic Steps in the Estimation Process

Simulink® Parameter Estimation™ software compares empirical data with
data generated by a Simulink® model. Using optimization techniques, the
software estimates the parameter and (optionally) initial conditions of states
such that a user-selected cost function is minimized. The cost function
typically calculates a least-square error between the empirical and model
data signals.

After you build a Simulink model, follow these steps to configure and run a
parameter estimation:

1 Select Tools > Parameter Estimation in your Simulink model window.

This opens the Control and Estimation Tools Manager, creates a new
project, and adds an Estimation node to the workspace directory tree.

2 Import the input and output data set for estimating parameters of your
Simulink model.

3 Select the parameters and initial conditions you want to estimate.
4 Configure the estimation itself, including cost functions and data views.
5 Run the estimation.

6 Check the results by examining either the cost-function values, plots, or
parameter values.
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Structure of an Estimation Project

The Control and Estimation Tools Manager, which is a graphical user
interface (GUI) for performing parameter estimation, stores and organizes
all data from a given Simulink model inside a project. To open the Control
and Estimation Tools Manager GUI, select Tools > Parameter Estimation
in the Simulink model window. See Control and Estimation Tools Manager
GUI on page 1-11 for a picture showing this GUI.

When using the Control and Estimation Tools Manager for parameter
estimation, you can

* Manage estimation projects.

¢ Select parameters and initial conditions to configure the estimation.
® Specify cost functions.

¢ Import experimental data (to be matched by the output of your Simulink
model).

¢ Specify the initial conditions of your model.
Each estimation task can include

® One or more data sets

¢ Parameter information

® One or more sets of estimation settings, or configurations

The default project name is the same as the Simulink model name. The

project name is shown in the workspace directory tree of the Control and
Estimation Tools Manager.

You can also add tasks from Simulink® Control Design™ and Model Predictive
Control Toolbox™ software to the current project, if these products are
installed on your system.


file:///B:/matlab/doc/src/toolbox/slestim/mpc/mpc_product_page.html
file:///B:/matlab/doc/src/toolbox/slestim/mpc/mpc_product_page.html

1 Getting Started

1-8

Adding, Deleting and Renaming an Estimation Project
To add, delete, or rename the project or task:

1 Right-click the project or task node in the workspace directory tree.

2 Select the appropriate command from the shortcut menu.
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Setting Up the Estimation Data

In this section...

“Adding Ports and Test Points to the Model” on page 1-9
“Creating an Estimation Project” on page 1-10
“Importing Transient Data” on page 1-11

“Specifying Initial Conditions” on page 1-16

“Selecting Parameters for Estimation” on page 1-17

“Selecting States for Estimation” on page 1-19

“Specifying Initial Guesses and Upper/Lower Bounds” on page 1-20

Adding Ports and Test Points to the Model

To enable importing data, the Simulink® model for which you want to estimate
parameters must contain one of the following:

¢ Input and output ports

Every top-level port in the model creates a row in the GUI for importing
data for the corresponding input or output. When you add a port to the

model, a new row is added in the corresponding Input Data or Qutput
Data tab.

® Test points marked for signal logging

Every test point marked for signal logging in the model creates a row in the
GUI for importing output data . When you add a test point to a signal for
signal logging, a new row is added in the Output Data tab.

For more information, see the Inport and Outport block reference pages and
“Working with Test Points” in the Simulink documentation.

The engine_idle speed model used in this example contains one Inport
block BPAV and one Outport block Engine Speed that are used for importing
measured input and output data.



Getting Started

1-10

Creating an Estimation Project
Before beginning the estimation process, you must create an estimation

project and set up the problem by configuring the appropriate parameters,
solvers, and cost functions.

Simulink® Parameter Estimation™ software provides a Graphical User
Interface (GUI) that makes setting up the estimation project quick and easy.
This section describes how to use the GUI to estimate parameters.

To perform the setup,

1 Open the nonlinear idle speed model of an automotive engine by typing :

engine_idle_speed

at the MATLAB® prompt.

The model appears as shown next.

Slengine_idle_speed N [=] |
File Edit Wiew Simulation Format Tools Help
~ : Lo
DSEE&| tER|es a9y afin [ - HaBhed nRBE®
Idle Speed Engine Model
Copyright () 2002-2004 The MathWworks, Inc.
Monlinearities  Linear Dynamics
Valve gaint Idle
Waoltage deniz) Speed
Transter Fen
in2
= )
BRAW den(=) Engine Speed
Transport Transfer Fend
Delay
gain3
den(z)
Double click here Frac) Transfer Fen2
to open
Farameter Estimation
@UI with preload data Click on the Start button in the GUIto
run an estimation.
Ready [1o0e% [ |ode4s Y

2 Open the Control and Estimation Tools Manager GUI by selecting Tools

> Parameter Estimation in the Simulink model window.
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The project tree displays the project name Project - engine_idle_speed.
Estimation tasks are organized inside the Estimation Task node.

E! Control and Estimation Tools Manager

=10l x|
File Wiew Help
cf 0| & [[E
ﬂ Workspace rTask setting:
=gl Project - engine_idle_speed Title: I
BN | stiration Task
Transient Data Subject: |
Wariables Author: I
Estimation
Walidation Company: I
Description: d
[l
Madel: engine_idle_speed Open Model Update Task |
e
[
Select the nodes below ko configure and run estimations. 4

Control and Estimation Tools Manager GUI

Importing Transient Data

To import transient (measured) data for your dynamic system:

1 In the Control and Estimation Tools Manager, select Estimation Task
> Transient Data in the workspace directory tree.

2 Right-click Transient Data and select New to create a New Data node
Alternatively, you can use the New button to create this node.

1-11
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E! Control and Estimation Tools Manager

File Wiew Help

gk D | 3

{\ Wiorkspace
= W] Project - engine_idle_speed
= - Estirnation Task

~Transient data set:

Mame

Properties

Drescription:

New | Deletel Edlit...

- Mews Data node has been added to Transient Data,
- Mew Data nodz has been added ko Transient Data,

Transient data sets are stored in this folder, Press Mew' to create a new data set

s L

3 Select the New Data node in the workspace directory tree.
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E! Control and Estimation Tools Manager

5 =] 3
File Wiew Help
D | HE|
. iorkspace Input Data Outpt Data | State Data |
=gl Project - engine_idle_speed ~Assign data to blacks
(=1 Estimation Task
& 8 Elack Mame | Data I Time | Ts I Weight I Length
H y ine_idle_ hgine Speed
ariables Channel - 1 [ [ [ 1 I -
+ Ll Estimation
Ea Walidation
Impork. .. Pre-process, .. Flot Data Clear all |
T E e o T T Do T e T D ;I
- Mews Data node has been added to Transient Data,
- Mew Data nodz has been added ko Transient Data,
-
Load projects 4

Import Data into the Control and Estimation Tools Manager

You see a row for importing data for the input port BPAV in the Input Data
tab. The Output Data tab shows a row for importing data for the output
port Engine Speed.

Tip If you have estimation data for any other signal in your model, add a
port or a test point to the signal to create a new row for importing the data.

Importing Input Data
To import the model input data for the input port BPAV:

1 In the New Data node, click the Input Data tab.

1-13
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2 Right-click the Data cell and select Import to open the Data Import dialog
box. Alternatively, you can use the Import button to open this dialog box.

E! Control and Estimation Tools Manager

5 =] 3
File Wiew Help
D= 3|
. workspace Input Data | Qutput Data | State Data |
=gl Project - engine_idle_speed —Assign data ta blacks
=5 - Estimation Task
(5 Transient Data EBlock Mame I Data | Time | Ts I Weight I Length
[i41] ew Data ine_idle_ BPAY
Yariables Channel - 1 [ 1 | I
Estinaton BN
=-[Ig validation Export...
Pre-process...
Flot Data
Clear Al
Impork. .. Pre-process... Flot Data Clear all |
- Mews Data node has been added to Transient Data, ;I
- Mew Data nodz has been added ko Transient Data,
-
Select the tabbed panels ta configure the transient data set. 4

3 In the Data Import dialog box, select iodata from the list of variables.
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x
Import From; I Warkspace VI
Yariahle Mame I Size | Eytes | Class |
HH gainz 1x1 & double &l
@iodata 7801x2 120016 double
@mean_speed 1x1 8 douhle
@time 7a01x1  BO002 double j

* Assign the Following columns ko selected channel(s): |[1:2]

™ Assign the Following rows ko selected channel(s): I[l:?SDl:

Impork | Close I Help I

The idle-speed model of an automotive engine contains the measured data
stored in the iodata array. The array contains two columns: the first for
model input data, and the second for model output data.

4 Enter 1 in the Assign the following columns to selected channel(s)
field, and then click Import.

5 Click the Time/Ts cell, and select time in the Data Import dialog box.
6 Click Import to import the time vector for the input data.
7 Click Close to close the Data Import dialog box.

Importing Output Data
To import the model output data for the output port Engine Speed:

1 In the New Data node, click the Output Data tab.

2 Right-click the Data cell and select Import to open the Data Import dialog
box.

3 Select iodata from the list of variables.

4 Enter 2 in the Assign the following columns to selected channel(s)
field to use the second column of iodata, and then click Import.

1-15
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5 Click the Time/Ts cell, and select time in the Data Import dialog box.

6 Click Import to import the time vector for the output data.

7 Click Close to close the Data Import dialog box.

Specifying Initial Conditions

By default, the estimation uses initial conditions specified in the Simulink
model. If you want to specify initial conditions other than the defaults, use
the State Data tab. You can open it by selecting Transient Data > New
Data in the workspace directory tree, and then clicking the State Data tab.

Z)control and Estimation Tools Manager

File Wiew Help

=10l

=2 = )

4} Wiorkspace

E_ﬁ_‘ Project - engine_jdle_speed
=) Estimstion Task

=] Transient Data

-[7] News Dt

H % “ariahles

[#-L @ Estimation

- validation

4 (3|

Input Data | Output Data  Stete Data |

~Assigh dsta to state:

ook Hame |

Sample Time

Data

ine_idle_speed/Transfer Fcn

State -1

State - 2

ine_idle_speed/Transfer Fcn1

Sfate -1

State - 2

ine_idle_speed/Transfer Fcn2

State -1

State - 2

livpott ... Clear &l |

Select the tabbed panels to configure the transient data set.

s L L
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To specify an initial condition of a state:

1 Select the Data cell associated with the state.

2 Enter the initial conditions. In this example, enter -0.2 for State - 1 of
the engine_idle_speed/Transfer Fen. For State - 2, enter 0.

=) Control and Estimation Tools Manager

=1l

File Wiew Help
ot 0|2 3 [[E

. viorkepace Input Data | Output Detes - Stete Data |
EG Project - engine_idle_speed
=-E3) Estimation Task

~&ssign data to stat

Transient Data Elock MName | Sample Time | Data
1] Mew Data ine_idle_speed/Transfer Fcn
% Variakles State - 1 | 0 [ 02
Estimation State - 2 | i} ‘ i}
=L valiation engine_idle_speed/Transfer Fcn
State - 1 | 0 |
State - 2 | 0 |
ine_idle_speed/Transfer Fcn2
State - 1 | 0 I
State - 2 | 0 |

mpart... Clear Al |
Kl I»]

Select the tabbed panels to configure the transient data set.

N o

Selecting Parameters for Estimation
To select parameters for estimation:

1 In the Control and Estimation Tools Manager, select the Variables node in
the workspace directory tree to open the Estimated Parameters pane.

2 In the Estimated Parameters pane, click Add to open the Select
Parameters dialog box.

1-17
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e — By default, the Select Parameters dialog box looks ot
- - | all variables in the model workspace and the MATLAB
o— = — 4 workspace that are used by the model.
32:§§ i List of parameters

Use your mouse to seked data. To select adjacent
parameters, hold down the Shift key while clicking the
first and last parameter in the selection. To select
nonadjacent parameters, hod down the Ctrl key while
clicking each parameter.

[
SPeelly Sxpression (59, 5%, %3), bED Use the text field o get the parameters contained in
I either a Simulink parameter object, MATLAB array,
ok | cocel | rew | awy | structure, or ell array. Nofe that you cannot use

mathematical expressions such as x + 5.

3 Select the last seven parameters: freq1, freq2, freq3, gaini, gain2,
gaingd, and mean_speed, and then click OK.

In general, you can enter parameters, (separated by commas, in the Specify
expression field. The parameters can be stored in one of the following:
® Simulink software parameter object
Example: For a Simulink parameter object k, type k.value.
® Structure

Example: For a structure S, type S.fieldname (where fieldname represents
the name of the field that contains the parameter).

e Cell array
Example: Type C{1} to select the first element of the C cell array.
e MATLAB array
Example: Type a(1:2) to select the first column of a 2-by-2 array called a.
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Setting Up the Estimation Data

Note You need not estimate the parameters selected here all at once. You
can first select all the parameters that you are interested in, and then later
decide which ones to estimate in a particular estimation.

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 parameters
that are trickier. Making these sorts of choices involves experience, intuition,
and a solid understanding of the strengths and limitations of your Simulink
model.

Sometimes models have parameters that are not explicitly defined in the
model itself. For example, a gain k could be defined in the MATLAB
workspace as k=a+b, where a and b are not defined in the model but k is used.
To add these independent parameters to the Select Parameters dialog box, see
“Estimating Independent Parameters” on page 1-58.

Selecting States for Estimation

In general, you choose to estimate only those states that are not already in the
model. To estimate initial conditions (or initial states) if they are not known:

1 In the Control and Estimation Tools Manager, select the Variables node in
the workspa