Model-Based Calibration Toolbox 4.0

Calibrate complex powertrain systems
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Key Features

Interactive workflow tools for designing experiments, fitting statistical models to engine data, and producing optimal
calibrations

Classical, space-filling, and optimal designs, based on Design-of-Experiments methodology, for creating optimized
test plans

Techniques for developing high-fidelity nonlinear statistical models from test data

Linear regression and radial basis function modeling techniques for creating accurate fits to data

Built-in and user-definable libraries of empirical model forms

Boundary modeling to keep optimization results within the engine operating envelope

Optimization and tradeoff tools for solving calibration problems at individual operating points or over drive cycles
Generation of lookup tables from models, optimization results, or test data

Calibration import and export links to ETAS INCA and ATI Vision

Designing and Managing Tests
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Defining a space-filling design in the Design Editor (left) and investigating the properties of the design using the Design

Evaluation Tool (right).
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One-Stage Test Strategies
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Two-Stage Test Strategies
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Collecting engine data for each test by sweeping spark while keeping speed, load, variable valvetrain settings, and

air-fuel ratio constant.
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Conducting a series of tests, each at a different value of speed, load, variable valvetrain settings, and air-fuel ratio. A

model is then fitted to each test (local fitting).

Using the local models to calculate global models of the engineOs behavior as speed, load, variable valvetrain settings,

and air-fuel ratio vary (global fitting).
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Performing global fitting for several aspects of engine behavior. (Images courtesy of Ford Motor Company.)

Point-by-Point Test Strategies
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Modeling the Engine Envelope
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Using the Boundary Editor to define and visualize the feasible testing region and associated test conditions.

Data Analysis and Response Modeling

g o1#" *" 0 2'-, --* -6 31#1 $3,!12'-,1 $-0 " 2 , *71'1 " 4'13 *'8 2
-.2'+'8 2'-, 2- <2 2&# +-"#*1 " %#,#0 2# %0 .&'! * O#.0#1#,2 2'-, -% , #,%'
.0-4'""#1 2&# -"#* 0-51#0 2- &#*. 7-3 #,130# 2& 2 2#12 .-',21 2 Y#, ', 2&# *

#6.#0'+#,2 * "#1'%, 1'% 2&# -"#* 0-51#0 7-3 !

, L 2#0 12'4#*T7 <2 "'$$H#H0H
"2

4\ MathWorks

6
Accelerating the pace of engineering and science



An optimized engine testing plan (left) and sophisticated engine model (right).

Preprocessing Data
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Using the Data Editor to select a subset of tests and view the data in different formats: a 2D plot, a 3D plot, and a

table.

Selecting and Fitting Models
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Using the Model Browser to fit and evaluate different model types for a gasoline engine.

&\ MathWorks:

Accelerating the pace of engineering and science



PHYSICAL RESULTS

TESTING
DESIGN OF DATA CALIBRATION Calibration
EXPERIMENTS MODELING GEMNERATION
Accurabe
HIGH FIDELITY Engine Mode!
SIMULATION
Generating Optimal Calibrations
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Optimizing Engine Performance
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Filling a table based on an engine response model (left) and viewing optimized settings for engine control features
(right).
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Producing Smooth Calibration Tables
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Optimizing Engines with Different Operating Modes
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Calibrating Estimator Features
1-$25 0# -$2#, ", 1*3"#1 $# 230#1 $-0 #12'+ 2',% 12 2#1 2& 2 O# 2-- "'$<!!
4#&"1*#1 13'& 1 2-0/3# ," -0"#0*',# 1. 0) 1'% 2&# 2--* 7-3 1, "#110"

%0 .&'! **7 5'2& 4#3%')) *-1) "' 060 +1 <** 28&# *--)3. 2 *#1 $-0 28&#1# $# 23
H12'+ 2-01 5'2& #+."0"1 * #,%" # +-"#*1 + "# $0-+ +# 130#" # %", # " 2

PHYSICAL RESULTS
TESTING
DESIGN OF DATA CALIBRATION Colibration
EXPERIMEMTS MODELING GEMERATION
Accurate
HIGH FIDELITY Engine Model
SIMULATION

Performing Simulations in Simulink
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Plant Modeling and Optimization
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Hardware-in-the-Loop Testing
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Resources

Product Details, Demos, and System Requirements Online User Community

www.mathworks.com/products/mbc www.mathworks.com/matlabcentral

Trial Software Training Services

www.mathworks.com/trialrequest www.mathworks.com/training

Sales Third-Party Products and Services

www.mathworks.com/contactsales www.mathworks.com/connections

Technical Support Worldwide Contacts

www.mathworks.com/support www.mathworks.com/contact
© 2010 The MathWorks, Inc. MATLAB and Simulink are registered trademarks of The MathWorks, Inc. Seevww.mathworks.com/trademarks for a list of
additional trademarks. Other product or brand names may be trademarks or registered trademarks of their respective holders.
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