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Getting Started

This section includes the following topics:

* “What Is CAGE?” on page 1-2
+ “Navigating CAGE” on page 1-4



1 Getting Started

What Is CAGE?

1-2

Model-Based Calibration Toolbox contains tools for design of experiment, statistical
modeling, and calibration of complex systems. See “Model-Based Calibration Toolbox
Product Description”. The toolbox has two main user interfaces:

*  Model Browser for design of experiment and statistical modeling

+  CAGE Browser for analytical calibration

CAGE (CAlibration GEneration) is an easy-to-use graphical interface for calibrating
lookup tables for your electronic control unit (ECU).

As engines get more complicated, and models of engine behavior more intricate, it is
increasingly difficult to rely on intuition alone to calibrate lookup tables. CAGE provides
analytical methods for calibrating lookup tables.

CAGE uses models of the engine control subsystems to calibrate lookup tables. With
CAGE you fill and optimize lookup tables in existing ECU software using models from
the Model Browser part of the Model-Based Calibration Toolbox product. From these
models, CAGE builds steady-state ECU calibrations.

CAGE also compares lookup tables directly to experimental data for validation.
Feature Calibration

A feature calibration compares a model of an estimated signal with a lookup table (or
algebraic collection of tables) that estimates the same signal in the ECU. CAGE finds the
optimum calibration for the lookup table(s).

For example, a typical engine subsystem controls the spark angle to produce the peak
torque; that is, the Maximum Brake Torque (MBT) spark. Using the Model Browser, you
can build a statistically sound model of MBT spark, over a range of engine speeds and
relative air charges, or loads. Use the feature calibration to fill a lookup table by
comparing the table to the model.

Tradeoff Calibration

A tradeoff calibration fills lookup tables by comparing models of different engine
characteristics at key operating points.

For example, there are several models of important engine characteristics, such as torque
and nitrous oxides (NOX) emissions. Both models depend on the spark angle. At a
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particular operating point, a slight reduction of torque can result in a dramatic reduction
of NOX emissions. Thus, the calibrator uses the value of the spark angle that gives this
reduction in NOX emissions instead of the spark angle that generates maximum torque.

Optimization

CAGE can optimize calibrations with reference to models, including single- and multi-
objective optimizations, sum optimizations, user-defined optimizations, and automated
tradeoff.

Comparing Calibrations to Data
You can compare your calibrations to experimental data for validation.

For example, after completing a calibration, you can import experimental data from a
spreadsheet. You can use CAGE to compare your calibration to the data.

Starting the CAGE Browser

To start the application, type

cage

at the MATLAB® command prompt.



1 Getting Started

Navigating CAGE

In this section...

“How to Select CAGE Views” on page 1-4
“CAGE Views and Processes” on page 1-6

How to Select CAGE Views

The view of CAGE depends on two things:
Which button you select in the Processes and Data Objects panes

The item you highlight in the tree display

When you open CAGE, it looks like this.

1-4
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1 Getting Started

CAGE includes a Processes pane and a Data Objects pane to help you identify the type
of calibration you want to do and the data objects that you intend to use. Use the buttons
in these panes to navigate between the different sections of functionality in CAGE.

CAGE Views and Processes

The Processes pane has three buttons:

Feature shows the Feature view, with the tables and strategies that are associated
with that feature. See “Working With Features” on page 4-12.

A feature is a strategy (or collection of tables) and a model used to calibrate those
tables. In the Feature view, you can fill tables by comparing a strategy to a model.
See “Feature Calibration”. You can import existing strategies or construct new ones
using Simulink® software from the feature view.

From the feature node in the tree display, you can access the Surface Viewer to
examine the strategy or model or both. See “The Surface Viewer in CAGE” on page
10-2.

Tradeoff shows the Tradeoff view, with a list of the tables and models to display.
Here you can see graphically the effects of manually altering variables to trade off
different objectives (such as maximizing torque while minimizing emissions). At the
tradeoff node, you can calibrate table values to achieve the best compromise between
competing objectives. You can calibrate using single or multimodel tradeoffs. See
“Tradeoff Calibration”. You can also use the optimization functionality of CAGE to
run automated tradeoffs, described in the Optimization section (see below).

Optimization shows the Optimization view. From here you can set up and run
optimizations, including automated tradeoffs. There are standard routines available
and also templates provided so you can write your own optimization routines. You can
find full instructions in “Optimization Setup”.

You can reach the Calibration Manager from the Feature and Tradeoff process
views, and from the Tables view, but not Optimization. In the Calibration Manager
you can set up the size and contents of tables (manually or using existing calibration
files) and edit the precision used for values (to match the kind of electronic control
unit you are going to use). See “Calibration Manager” on page 3-27.
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Processes

Feature

]
BB

Tradeoff

The Data Objects pane has four buttons:

Variable Dictionary stores all the variables, constants, and formulas in your
session. Here you can view, add, and edit any variables in any part of your session.
See “Setting Up Variable Items” on page 2-8.

Tables enables you to see all the tables and normalizers in your session. You can also
calibrate tables manually here if you want. You can add and delete tables from the
project. From any table display (here, or in other views) you can access the History
Display to manage changes in your tables and normalizers. You can use the History
Display to reverse changes. See “Setting Up Tables” on page 3-2.

Models stores all the models in your session. Here you can view a graphical display of
these models, including a diagram of the model's input structure. This is useful
because a model can have other models as inputs. You can change the inputs here.

For example, you can change your model's input Spark to be connected to a model for
Spark rather than to the variable Spark. You can also access the surface viewer here
to examine models. See “Setting Up Models” on page 2-16 and “The Surface Viewer

in CAGE” on page 10-2.

Data Sets enables you to evaluate your models and features over a custom set of
input values. Here you can create and edit a set of input values and view several
models or features evaluated at these points. You can compare your tables and models
with experimental data to validate your calibrations. You can also fill tables directly
from experimental data by loading the experimental data as a new data set. See “Use
Data Sets Views” on page 9-2.
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Data Objects
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Variables and Models

The following sections describe how to set up variables and models before performing
calibrations.

+ “Set Up Calibrations, Resume Work, or Find Calibration Examples” on page 2-2

* “Import Models and Calibration Items Using CAGE Import Tool” on page 2-5

+ “Setting Up Variable Items” on page 2-8

+ “Setting Up Models” on page 2-16

* “Creating and Viewing Composite Models in CAGE” on page 2-26

+ “Model Properties” on page 2-33

+  “Specifying Locations of Files” on page 2-38



2 Variables and Models

Set Up Calibrations, Resume Work, or Find Calibration
Examples

When you open MBC Optimization app, the home page helps you get started or resume
work faster by accessing frequent tasks, recent projects, and featured examples.

* Get started by using the buttons in the right pane for common calibration tasks:
import models; set up optimizations, tables, feature strategies, or data sets;. or export
tables

*  Resume work by opening projects from the Recent projects list.
* Open case study examples from the Case Studies list.
* View a summary of items in your project. To open other views, click Browse Project.

*  From other calibration views, to return to the home page, click the Home toolbar
button or select File > Home.
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Related Examples

. “Import Models and Calibration Items Using CAGE Import Tool” on page 2-5

. “Create an Optimization” on page 6-7

. “Creating Tables from a Model” on page 3-4
. “Setting Up Models” on page 2-16

2-3
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. “Set Up a Feature Calibration” on page 4-11
. “Set Up Designs and Models, Resume Work, or Find Engine Modeling Examples”

. “Engine Calibration Applications”
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Import Models and Calibration Items Using CAGE Import Tool

You can use the CAGE Import Tool to select items to import from any Model-Based
Calibration Toolbox project file produced in CAGE or the Model Browser (.mat or .cag).
This can greatly simplify setting up new projects, and also making changes to existing
projects, for example to make use of new models in an existing optimization and
calibration.

You can import Model Browser models from any project file or direct from the Model
Browser when it is open. You can import the following CAGE items from any CAGE
project: models (including feature and function models), variables, normalizers, tables,
features, optimizations, datasets and tradeoffs.

You can replace suitable items in your current CAGE project with imported items. You
can see if an item is replaceable in the Import dialog, where the Replace action becomes
available.

Note that Model Browser models (but not CAGE models) must have exactly the same
input names as the CAGE model you want to replace. You can replace models, variables,
normalizers, tables and features. You cannot replace optimizations, datasets or tradeoffs.
You cannot replace tables used in tradeoffs with tables of a different size.

To use the CAGE Import Tool:

1 On the CAGE home page, click Import Models. Alternatively, select File > Import
From Project.

If it is not already open, the Model Browser opens. Use the Model browser to open
a project.
The CAGE Import Tool appears.
2  You can choose a project file or import directly from the Model Browser if it is open.
If the Model Browser is open, the list is automatically populated with a list of
available items in the open project.

To import from a file, click the Import from project file button.

A file browser dialog opens. Locate the desired file and click Open.

3 The CAGE Import Tool displays the available items. Select the items you want to
import from the list. Press Ctrl+A to select all items, or Ctrl+click or Shift+click to
select multiple items in the list.

2-5
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B CAGE Import Tool o= s
Current project C:\Work\MBC\mbctraining\Gasoline_project. mat
i I Type: Al z
D Match case
Name Type Location
BTQ Response Gasaline_project/DVCRBTQ -
EXTEMP Response Gasoline_project/DIVCP/EXTEMP
4 RESIDFRAC Response Gasoline_projectDINVCP/RESIDFRAC
‘ﬁ BTQ Point-by-Point Gasoline_projectDIVCR/BTQ/PSZ2
‘ﬁ EXTEMP Point-by-Point Gasoling_project/DIVCR/EXTEMP/POLYZ
45 RESIDFRAC Point-by-Point Gasoline_project/DVCR/RESIDFRACIP... =
Gasaoline_projectDNVCPBTQ/PSZ22/knot
1l knot Response Feature Gasoline_projectDIVCP/BTQ/PS22/knot
{l max Response Feature Gasoline_projectDIVCR/BTQ/PS22/max
1\ Bhigh_2 Response Feature Gasoline_project/DIVCP/BTQ/PS22/Bh...
Response Feature Gasoline_projectDIVCPR/BTA/PS22/Bl0...

Response Feature Gasoline_project/DIVCR/EXTEMP/POL. ..
Response Feature Gasoline_project/DIVCP/EXTEMP/POL... i
T— - T— 1

Import Selected tems...

You can use the Find and Type controls to filter the item list:

+ If you are importing from a Model Browser project you can select Response,
Point-by-point, Datum or Response Feature from the Type list to display a

single model type only.

+ If you are importing from a CAGE project you can select Variable, Model,
Normalizer, Table, Feature, Optimization, Dataset, or Tradeoff from the
CAGE items in the Type list. For models the Subtype column displays whether
a model item 1s an MBC model, function model or feature model.

+  Enter text in the Find edit box to find particular item names. You can also select

the box to Match case
Click the Import Selected Items button.
The CAGE Browser opens displaying the imported models.



See Also

|| CAGE Browser - Untitled

File Edit View Model Tools Window Help

J

MEFELTE T

|a&E B

Type Inputs Lower Output Limit| Upper Output Limit | Description

MBC model S, N, L, ICP, ECP -Inf| Inf| Created by on 10-May-2017.

MBC model N, L, ICP, ECP -Inf| Inf| Created by on 10-May-2017.

MBC model N, L, ICP, ECP -Inf] Inf| Created by on 10-May-2017.

6  When you have finished importing items, in the CAGE Import Tool, click Close..
See also:

* “Importing and Exporting a Variable Dictionary” on page 2-10
* “Import Exported Models File” on page 2-19

See Also

Related Examples
. “Set Up Calibrations, Resume Work, or Find Calibration Examples” on page 2-2
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Setting Up Variable ltems

2-8

In this section...

“Introducing the Variable Dictionary View” on page 2-8
“Importing and Exporting a Variable Dictionary” on page 2-10
“Adding and Editing Variable Items” on page 2-11

“Using the Variable Menu” on page 2-13

“Using Aliases” on page 2-14

Introducing the Variable Dictionary View

The Variable Dictionary is a store for all the variables, constants, and formulae in your
session.

To view or edit the items in the Variable Dictionary, click the button, shown, in the Data
Objects pane.

Selecting the Variable Dictionary view displays the variables, constants, and formulae
in the current project.

Note that if you have existing CAGE projects you can use the “Import Models and
Calibration Items Using CAGE Import Tool” on page 2-5 to import variable items and
other CAGE items directly from other projects.

Following is an example of the Variable Dictionary view.
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List of all the constants, variables, and formulas in the project

) cacoromser -unted | TP
File. Edit Variable Tools Wifdow Help

[Ded | x|#% 2 DR
Processes Var_i,a‘ble-ch‘:{iOha_:y |

Name || Tvpe | Alias | Minimum | Magimum | Set Point | Fomula |

XN * Variable engine_speed 500 6500 2500

Xk Yariable load, Load 01 1 0.4
Feature xA Variable  afr, AFR 11 17 1435
k stoich  Constant 14.35
X SPK Varable S, s, spark -10 60 225
ftx)lambda Formula 075 1.25 1 Afstoich
Calibration
A
m Y Alias: | afr, AFR
HA B |
Tradant? Description: I Air-fuel ratio (ratio)

n_, . Minimum: I 11 _—;:l M aximunm: I 17 :;—J
pm | etpare [ 143 2

Formtda: |

Variable
Dictionary

Edit boxes to change the settings of the
selected constant, variable, or formula
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The upper pane shows a list of all the current variables, constants, and formulas. The
lower pane displays edit boxes so you can specify the settings of the selected variable,
constant, or formula.

Different Variable Dictionary Items

* Variables — standard items that feed into models, strategies and tables, and define
ranges for these items

+  Constant — used for inputs that you do not want to change

* Formulae — used when you want a variable item to depend on another

Importing and Exporting a Variable Dictionary

A variable dictionary contains all the variable items for your calibrations. You can set up
your variable dictionary once, and use it in many calibrations.

If you import a model, it has variables associated with it, in which case you might not
have to import a variable dictionary.

Importing a Variable Dictionary
To import a dictionary of variables from an . xml file,

1 Select File > Import > Variable Dictionary.

2  Select the correct dictionary file.

Note you can also import variable items directly from other CAGE projects using the
“Import Models and Calibration Items Using CAGE Import Tool” on page 2-5.

Exporting a Variable Dictionary

After setting up a variable dictionary, you can save the dictionary for use in many
different calibrations.

To export a dictionary of variables to an .xml file,

1 Select File > Export > Variable Dictionary.

2 Select a suitable name for the dictionary file.



Setting Up Variable Items

See Also

+ “Setting Up Variable Items” on page 2-8
* “Adding and Editing Variable Items” on page 2-11

Adding and Editing Variable Items

To add variable items you can use the Variable Dictionary toolbar, shown, or you can
select items from the File -> New -> Variable Items menu.

1131
Add a variable Add a variable Add a variable

Adding a Variable

To add a variable,

1 Select File > New > Variable Item > Variable.

A new variable is added to the variable dictionary.
2 Select Edit > Rename to alter the name of the variable.

3  Specify the Minimum and Maximum values of the variable in the edit boxes in the
lower pane.

4  Specify the value of the Set Point in the edit box.

Using Set Points in the Variable Dictionary

The set point of a variable is a point that is of particular interest in the range of the
variable. You can edit set points in the variable dictionary or the models view.

For example, for the air/fuel ratio variable, AFR, the range of values is typically 11 to 17.
However, whenever only one value of AFR is required, it is preferable to choose 14.3, the
stoichiometric constant, over any other value. So enter 14. 3 as the Set Point.

CAGE uses the set point as the default value of the variable wherever one value from the

variable range is required. For instance, CAGE uses the set point when evaluating a
model over the range of a different variable.

2-11
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For example, a simple model for torque depends on AFR, engine speed, and relative air
charge. CAGE uses the set point of AFR when it calculates the values of the model over
the ranges of the engine speed and relative air charge.

Adding a Constant
To add a constant,
1 Select File > New > Variable Item > Constant.

A new constant is added to the variable dictionary.
2 Select Edit > Rename to alter the name of the constant.

3  Specify the value of the constant in the Set Point edit box, in the lower pane.

Adding Formulas

afr

You might want to add a formula to your session. For example, the formula A = "y
stoic

where afr is the air/fuel ratio and stoich is the stoichiometric constant.
To add a formula,
1 Select File > New > Variable Item > Formula.

The Add Formula dialog box appears.

2 In the dialog, enter the right side of the formula, as in this example afr/stoich.
Note it is normal to create inputs to a formula first. If you do not use pre-existing
variable names then those inputs are created, so be careful to get input names
exactly correct. Follow these requirements for a valid formula string:

A formula can only have exactly one variable input
*  No formulae as inputs
+  Not circular (i.e. self referencing)

Must not error when evaluated
*  Must produce a vector for a vector input

*  Must be invertible

Click OK and a new formula is added to the variable dictionary.
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3 Select Edit -> Rename to alter the name of the formula.

See Also

“Setting Up Variable Items” on page 2-8
“Adding and Editing Variable Items” on page 2-11

Using the Variable Menu

The Variable menu in the variable dictionary enables you to alter variable items. These
choices are also available in the right-click context menu on the list view.

Change item to:

Alias

Changes the selected item to be an alias of another item in the current project. For
example, if you have two variables, engine speed and n, you can change n to be an
alias of engine speed, with its maximum and minimum values. For more
information, see the next section, “Using Aliases” on page 2-14.

Formula

Changes a variable or constant into a formula. You have to define the right side of the
formula, and you can select the check box to calculate the range.

Constant

Changes a variable or formula into a constant. The value of the constant is the set
point of the old item.

Variable

Changes a constant or formula into a variable. The range is from 0 to twice the
constant's value (negative values have a maximum of 0).

See Also

“Setting Up Variable Items” on page 2-8
“Using Aliases” on page 2-14
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Using Aliases

The variable dictionary enables you to use the same set of variables, constants, and
formulas with many different models and calibrations.

Why Use Aliases?

It is possible that in one model or strategy the engine speed has been defined as N, and in
another it has been defined as rpm. The alias function enables you to automatically link
inputs with various names to a single CAGE variable when you import models and
strategies.

Creating an Alias

For example, in a variable dictionary there are two variables:

* N, with a range of 500 to 6500
* rpm, with a range of 2500 to 3500

To set rpm to be an alias of N,

1 Highlight the variable rpm.
2 Select Variable > Change item to > Alias.
3 In the dialog, choose N from the list.

This eliminates the variable rpm from your variable dictionary, and every model and
calibration that refers to rpm now refers to N instead.

Note If N is made an alias of rpm in the preceding example, the range of N is restricted to
the range of rpm, 2500 to 3500.

You can also add aliases to existing items by entering a list of names in the Alias edit
box.

See Also

+ “Setting Up Variable Items” on page 2-8



See Also

See Also

Related Examples
“Set Up Calibrations, Resume Work, or Find Calibration Examples” on page 2-2
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Setting Up Models
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In this section...

“Introducing the Models View” on page 2-16
“Importing Models” on page 2-19
“Adding New Function Models” on page 2-21

“Renaming and Editing Models” on page 2-22

Introducing the Models View

CAGE generally calibrates lookup tables by reference to models.

To import models, see “Import Models and Calibration Items Using CAGE Import Tool”
on page 2-5.

The Models view is a storage place for all the models in your session.

To view and edit the models in your session, select Models by clicking the button shown
in the Data Objects pane.

Models

The Models view displays the following:

* A list of all the models in the current project.

*  The model connections. That is, which constants, variables, and models are inputs to
the selected model. You can use the View menu or the right-click context menu on the
graph to zoom in and out, zoom to fit, and reset.

* An image of the response surface of the selected model; you can select factors to
display. Use the View menu to choose between:
+ No Constraint Display — Shows entire model surface.

+ Show Constraint — Areas outside the boundary constraint model (if any) are
yellow.

+ Clip to Constraint — The surface is only shown within the boundary constraint
model.




Setting Up Models

View > Edit Input Set Points opens a dialog box where you can edit the set points
of your model variables. This setting alters the model display and also any
calculations involving the set points throughout CAGE. Altering this setting is the

same as altering the set points in the Variable Dictionary, see “Using Set Points in
the Variable Dictionary” on page 2-11.

Following is an example of the Models display.
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). CAGE Browser - tradeoffInit.cag 1

List of the current models

File Edit WView Model Tools Window Help ~
B Y =
Processes. Models ]
Name | Type | Inputs | Low
<\ T0_Model MBCmodel ' SPK, L. N,AE
‘ NOXFLOW _Model MBC model SPK,L N AE
Feature
< | 2
AN .
— Connections TG _Model ]
PN =

Tradeoff

BV

)

4

Model connections display

The icons in the Models list indicate the type of model, as listed in the Type column. As
shown in the following illustration, a model can be a Model Browser statistical model, the

Model display

boundary of a model, the prediction error variance (PEV) of a model, a user-defined

function model, or a feature model (converted from a feature).

2-18




Setting Up Models

-k Statz_model

ﬁ Boundary_maodel
ik Function_model
- PEY_model

%l Feature_model

You can use the “Model Properties” on page 2-33 dialog to switch a model output
between the model value and the boundary or PEV of the model. For function models see
“Adding New Function Models” on page 2-21. You can convert a feature to a model by
selecting Feature > Convert to Model.

Importing Models

CAGE enables you to calibrate lookup tables by referring to models constructed in the
Model Browser.

CAGE can only open Model-Based Calibration Toolbox model files. You can import
models from project files (.mat, .cag) and from exported model files (. exm).

Import Models From Project

You can use the CAGE Import Tool to select models to import from any Model-Based

Calibration Toolbox project file produced in CAGE or the Model Browser (.mat or .cag).
You can replace suitable models in your current CAGE project (note that Model Browser
models must have exactly the same input names as the CAGE model you are replacing).

See “Import Models and Calibration Items Using CAGE Import Tool” on page 2-5 for
instructions.

Import Exported Models File
To import models from a Model Browser exported models file (. exm):

Select File > Import > Model.

2 Afile browser dialog opens. Locate the desired file or files. You can select multiple
files. Examples can be found in matlab/toolbox/mbc/mbctraining. You can
select MBC Model (*.exm) to filter for .exm files.

Click to select the model file, then click Open .
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This opens the Model Import Wizard.

3  Select the models that you want to import by highlighting the models from the list,
or click Select All if you want every model.

4  Either:

Select the check box Automatically assign/create inputs, then you can click
Finish.

Alternatively to match inputs up manually, instead click Next .

5 Associate the model factors with the available inputs in your session.

For example, to associate the model factor spark with the variable spk in your

session,

) Model Import Wizard i i [m] 3]
Azsign Cage tems to use as the model inputs:
Model Input Azsigned Input Available Inputs
A X A spark
L XL XN
i XN XL
spark spark X A

o

it 1

Cancel | = Back | ext = | Finizh |

a Highlight a Model Input, spark, in the list on the left and the corresponding
variable, spark, in the list of Available Inputs on the right.

b  Click the Assign Input button.
¢ Repeat a and b for all the model factors.

6 Click Finish to close the wizard and return to the Models view.

Note You can skip steps 5 and 6 by selecting the Automatically assign/create
inputs box at step 6.

You can now see a display of the model surface and the model connections (inputs).
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See Also

+ “Setting Up Models” on page 2-16
+ “Adding New Function Models” on page 2-21
* “Renaming and Editing Models” on page 2-22

Adding New Function Models

A function model is a model that is expressed algebraically. The function can be any
MATLAB function (including user-defined functions). The only restriction is that the
function must be vectorized, that is, take in column vectors and return a column vector of
the same size, as in this example:

function y = foo(xl, x2)
y = x1 .* x2;

Once you have a function like this, you can create a function model applying it to any
models or variables in your session, like the following example.

foo (NOX, SPK)

For example, you might want to view the behavior of torque efficiency. So you create a
function model of torque efficiency = torque/peak torque.

To add a function model to your session,
1 Select File > New > Function Model.

This opens the Function Model Wizard.

2 In the dialog box, enter the formula for your function model. For example, enter
torque efficiency=torque/peak torque.

3 Press Enter. CAGE checks that the function is recognized; if so, you can click Next.
If the function is incorrectly entered, you cannot click Next.

4  Select the models that you want to import by highlighting the models from the list.
5 Click Next.
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) Function Model ¥Wizard 3 =10/ ]

Select models:

lodel Mame Input= Dezcription
torgue_efficiency | peak_torgue, torgue torgueipeak_torgue

Select All | [~ Automstically assignicreste inputs

Cancel = Back Fimizh

6  You can select the check box to Automatically assign/create inputs and click
Finish to close the wizard and return you to the Models view, or you can click Next

and go to the next screen. Here you can manually associate the model factors with
the available inputs as follows:

a Highlight a Model Input, e.g., peak torque, in the list on the left and the
corresponding model, peak torque, in the Available Inputs list on the right.

b  Click the Assign input button.

Repeat a and b for all the model factors. Click Finish to close the wizard and return
you to the Models view.

You can now see a display of the model and its connections (inputs).
See Also

+ “Setting Up Models” on page 2-16

* “Importing Models” on page 2-19

* “Renaming and Editing Models” on page 2-22

Renaming and Editing Models

Renaming Models

To rename a model,



Setting Up Models

1 Highlight the model that you want to rename.
2 Select Edit > Rename.

3 Enter the new name for the model and press Enter.

You can also rename the model by selecting a model and clicking the name, or pressing
F2.

Editing Model Inputs

You can adjust a model so that variables, formulas, or other models are the factors of the
model. For example, a model of torque depends on the spark angle. In place of the spark
angle variable, you can use a model of the maximum brake torque (MBT) as the spark
input.

To edit the inputs of a model,

1 Highlight the model.
2 Select Model > Edit Inputs.

This opens the Edit Inputs dialog box, shown.
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Highlight the model input o .
that you want to change. Highlight the new input.

Assign Cage tems to use as the model inputs:

=0l ]

Model Input Assigned Inpt Available Inputs
V X spark
N X N X N
L X L X L
ExXH X ECP 1 X A
INT X ICP ‘ X ICP
X X ECP
Pt
o1
_‘J l _LJ '4\ MBT
Cance| I = Back I Mext = | Finish
N
Click Assign Input. Click
Finish

Highlight the Model Input that you want to edit, in the list on the left.
Highlight the new input for that factor, in the Available Inputs list on the right.
Click the Assign Input button.

To close the dialog box, click Finish.

(>IN S, B - M

Note If you want to change the range of a variable in the session, change the range in the
variable dictionary. For more information, see “Using the Variable Menu” on page 2-13.




See Also

See Also

Related Examples
“Set Up Calibrations, Resume Work, or Find Calibration Examples” on page 2-2
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Creating and Viewing Composite Models in CAGE
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In this section...

“What Are Composite Models?” on page 2-26
“Importing from the Model Browser” on page 2-26
“Combining Existing CAGE Models” on page 2-29
“Viewing Composite Model Properties” on page 2-30

What Are Composite Models?

The composite model type allows you to combine a number of models to represent engine
responses under different operating modes. You can use the composite model in CAGE to
produce optimal calibrations for engines with multiple operating modes. Use composite
models for calibration problems where the goal is to fill a single table for all modes or to
fill a table for each mode, such as:

*  Multi-injection diesel engine
* Inclusion of startup conditions in drive cycles

* Rich and stoich regions for engines
You can create a composite model using either of the following approaches:

+ Importing into CAGE from the Model Browser and combining suitable responses from
different test plans

+  Combining existing models in CAGE

The composite model comprises a collection of models with an extra mode input. The
mode input is an index into the list of models. The component models can have different
sets of inputs. CAGE uses symbol names and not signal names to determine inputs.
Make sure the symbol names match for the same inputs.

Importing from the Model Browser

To import and combine models in the Model Browser into a single composite model:

1  Open the Model Browser, and load the project you want to import composite models
from.




Creating and Viewing Composite Models in CAGE

2 In CAGE, select File > Import > Composite Model.

The Import Composite Model wizard appears.
3 Select the test plans from which you want to import models, and then click Next.
)} Import Composite Model : r =10l x|

Te=st plan selection
Select test plans to creste composite models from.

Te=t plan Inputz

it acyl-onvee SN L, ICPECP

£ scyl-onece 5,M,LICPECP

Total zelected: 2 Tatal responses: 3

Inputs:  SMLJCPECP

Next = Finigh

Cancel

4  Select the responses to combine into a composite model. You can only select
responses that are common to all selected test plans. If you do not want a boundary
model included, clear the Include Boundary check box.

Note Using composite models can result in very large CAGE project files when you
combine point-by-point test plans with a large number of responses. To reduce the
size of project files, exclude boundary models from response models that you do not
want to use as optimization objectives.
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) Import Composite Model i ] B4

Response selection
Select responzes to impart. Response models must exist in each test plan to be
available for import.

Responzes Include Boundary
v k510 |
¥ o\ exTEmP [
¥\ RESIDFRAC v

Responzes selected: 3

Cancel < Back Fimigh

After making your selections, click Next.

5 Optional — Edit the name for your mode variable and the names of your operating
modes.

If you have point-by-point models, you can edit the input tolerances to merge close
operating points.
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) Import Composite Model ; 