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Agenda
Solving engineering optimization problems

▪ Parameter estimation with experiment data 

– Sensitivity Analyzer / Global Optimization Toolbox

▪ Optimal calibration with experiment data

– Model-Based Calibration Toolbox

▪ Conclusions
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Parameter estimation with experiment data
Problem statement 

▪ Goal: 

To introduce an optimization workflow using “Global Optimization Toolbox” 

in physical modeling

– An evaporator modeling example based on experiment data including

– How to use “Sensitivity Analyzer” for more efficient parameter estimation

– How to use “ga” solver of Global Optimization Toolbox
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Parameter estimation with experiment data
Plant model review

▪ And evaporator model

▪ 12 heat transfer equation coefficients 

▪ 5 pressure loss params

How to find out 

parameter 

values?
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Parameter estimation with experiment data
Plant model review

• I/O conditions are set 

according to the experiment 

data
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Parameter estimation with experiment data
Plant model review

▪ Calculation error is designed for optimization objective function

• Heat exchange rate and vapor quality are 

calculated in model

• Compare them with experiment data and 

errors can be used directly in objective 

function
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Parameter estimation with experiment data
Sensitivity Analyzer

▪ Q: What parameters are to be tuned?

▪ A: The most impactive ones

▪ Q: What are the most impactive ones?

▪ A: If you don’t know, try “Sensitivity Analyzer”

 from Simulink Apps

▪ “Sensitivity Analyzer”

– Explore design space and 
determine most influential model parameters
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Parameter estimation with experiment data
Sensitivity Analyzer

1. Choose requirement type and enter I/O signals
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Parameter estimation with experiment data
Sensitivity Analyzer

2. Choose parameters or enter parameter names 
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Parameter estimation with experiment data
Sensitivity Analyzer

3. Generate parameter values to be used in exploration
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Parameter estimation with experiment data
Sensitivity Analyzer

4. Choose options; “Use the parallel pool during 

optimization” is very helpful for speed up

5. Evaluate
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Parameter estimation with experiment data
Sensitivity Analyzer

6. Choose statistical analysis methods from 

“STATISTICS” tab and click “Compute Statistics”

7. Choose the most influential parameters 

(8 params are selected) 
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Parameter estimation with experiment data
Parameter Estimator

▪ Easy to use 

– MATLAB App based convenient GUI

– Auto-code generation

▪ Limitations

– Local minimum problem

Most solvers of SDO are not global optimization 

algorithm (except “patternsearch”)

– Linear / nonlinear constraints are not

applicable

Parameter Estimation App
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Parameter estimation with experiment data
Global Optimization Toolbox

▪ Derivative-free algorithms 

– To break away local minima, they use heuristic / random / stochastic algorithms

– “GlobalSearch”, “MultiStart” and “surrogateopt” use derivatives, 

– But they have their own mechanism to overcome local minima problem

▪ Global Optimization Toolbox

ga / 

particleswarm

GlobalSearch / 

MultiStart

patternsearch /

simulannealbnd

surrogateopt gamultiobj /

paretosearch

Population-based 

(genes, particles) 

heuristic algorithm

Multiple-starting 

points with derivative 

algorithm

Single-starting points 

with random / 

stochastic 

exploration algorithm

Uses approximation 

function(surrogate)

Applicable for multi-

objective 

optimization 

problems
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Parameter estimation with experiment data
Global Optimization Toolbox – GA 

▪ Genetic Algorithm (GA)

– It is a general tool that can be used extensively in various optimization problems

– The function “ga” of Global Optimization Toolbox has the most options that can reflect 

various kinds of constrains such as “Liner”, “Non-linear”, “Integer constraint”

▪ Terms & Concepts

– To use the “ga” function, users should know terms basic concepts of genetic algorithm

– The terms were taken from the principles of genetics and natural selection
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Parameter estimation with experiment data
Global Optimization Toolbox – GA

▪ Fitness function

– Equivalent to objective function of optimization problems

▪ Individual

– An object with a gene that has a value of a variable to be optimized

▪ Population 

– A set of individuals that are evolved together

▪ Generation

– A stage of GA, individuals in a generation are evaluated using fitness function and best 

individuals are selected for reproduction
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Parameter estimation with experiment data
Global Optimization Toolbox – GA

▪ Selection

– Elite individuals are selected and survive

in the next generation

▪ Crossover

– Genes of individuals are combined with 

genes of other individuals for the next generation

▪ Mutation

– An unexpected change in gene

1 1 0 1 1 1 0 1

1 1 0 1

0 0 1 0

1 1 1 0

1 1 0 1 0 1 0 1
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Parameter estimation with experiment data
Global Optimization Toolbox – GA

Create initial population

Evaluate fitness function for 

all individuals

Create next generation 

individuals 

start

Satisfying 

stopping 

criteria?

stop

Yes

No • Selection 

• Crossover

• Mutation
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Parameter estimation with experiment data
Evaporator modeling

▪ Experiment data

– Refrigerant absorbs heat from moisture air as much as experiment data 

– Refrigerant phase should be converted from mixture to vapor

▪ Parameters to be tuned

– 12 Colburn equation coefficients

– 5 pressure loss parameters

Vdot_air 

(CMS)

Tair_in 

(℃)

Hd_in_abs

(kg/kg)

Tair_out 

(℃)

Q_air 

(kW)

Mdot_ref 

(kg/s)

Tref_in 

(℃)

Tref_out 

(℃)

Pref_in

(bar)

Pref_out 

(bar)
x_ref

0.0500 27 0.0200     5.0 3.00 0.03000 3.00 5.00 2.50 2.25 0.300
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Parameter estimation with experiment data
Evaporator modeling

▪ Objective function

Create simulation 

input data object

Update with 

optimization vars

Set vars with 

updated vars for 

simulation
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Parameter estimation with experiment data
Evaporator modeling

▪ Objective function

Simulate with 

simulation input 

object 

Evaluate object 

function with 

Simulink 

simulation results
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Parameter estimation with experiment data
Evaporator modeling

▪ Option setting for optimization

• Set population size 

• Set elite size
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Parameter estimation with experiment data
Evaporator modeling

▪ Option setting for optimization

• There are various stopping 

criterion for optimization solvers

• For “ga” solver

• Max generation

• Max stall generation

• Max time

• Fitness limit

are the main stopping criterion
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Parameter estimation with experiment data
Evaporator modeling

▪ Constraints

– Linear inequality / equality

– Nonlinear 

– Integer

▪ Example (Linear inequality)

– −𝑥 1 + 𝑥 2 ≤ −1

– −𝑥 1 + 𝑥 2 ≤ 5

– 𝐴𝑖𝑛𝑒𝑞 =
−1 −1
−1 1

– 𝑏𝑖𝑛𝑒𝑞 =
−1
5
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Parameter estimation with experiment data
Evaporator modeling

▪ There are “ga” solver its own

options such as

– Initial population creation

– Plot function during optimization

– Hybrid function that runs after

“ga” optimization to find more

delicate solution
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Parameter estimation with experiment data
Evaporator modeling

▪ Run “ga”

– x = ga(fun, nvars, A, b, Aeq, beq, lb, ub, nonlcon, intcon, options)

– fun: objective function handle

– nvars: number of variables

– A, b: linear inequality constraint matrix and vector

– Aeq, beq: linear equality constraint matrix and vector

– lb, ub: lower and upper bounds

– nonlcon: non-linear constraint

– intcon: integer constraint

– options: other options such as max time, max iteration, max generation, etc.

Find minimum of function using genetic algorithm - MATLAB ga (mathworks.com)

https://www.mathworks.com/help/gads/ga.html?searchHighlight=ga&s_tid=srchtitle_ga_1
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Parameter estimation with experiment data
Evaporator modeling

▪ “ga” optimization

Other params except the estimated 

8 params are remain at default values

Fitness values

Best individual
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Parameter estimation with experiment data
Evaporator modeling

▪ Hybrid function optimization

Final error

“fmincon” is used after “ga” 

optimization

Even after hybrid function execution, 

the error is not small enough



2828

Parameter estimation with experiment data
Evaporator modeling

▪ Results

• Error decreased

• If not enough, then try 

again after adjusting 

upper / lower bound

• Phase shifted from 

mixture to vapor 
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Optimal calibration with experiment data
Problem statement 

▪ Goal: 

To introduce an optimization workflow using “Model-Based Calibration 

Toolbox” in look-up table modeling

– Look-up table calibration example for motor current control

– How to model statistical modeling with experiment data

– How to calibrated look-up table for optimized performance with the fitted model
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Optimal calibration with experiment data
Look-up tables for flux-based motor controller

▪ Calibration Table Generation Workflow Steps

Workflow Steps Description

Collect and Post Process 

Motor Data

Required data:

• D/Q-axis current: Id, Iq
• Motor torque and speed

• D/Q-axis flux: λd, λq

• Allowed flux: λmax

Model Motor Data

(MBC Model Fitting)

Use a point-by-point model to fit data:

• Import data

• Filter and group data

• Fit model

Generate Calibration

(MBC Optimization)

Calibrate and optimize the data using objectives and constraints:

• Create functions (Objective, Constraint)

• Create LUT (Lookup Tables) from model

• Optimization

• Fill and export LUT
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Optimal calibration with experiment data
Look-up tables for flux-based motor controller

▪ Test motor and process data

– PMSM equations

▪ 𝑉𝑑 = 𝑅𝑠𝑖𝑑 +
𝑑𝜆𝑑

𝑑𝑡
− 𝑝𝜔𝑚𝜆𝑑

▪ 𝑉𝑞 = 𝑅𝑠𝑖𝑞 +
𝑑𝜆𝑞

𝑑𝑡
+ 𝑝𝜔𝑚𝜆𝑞 

for steady-state, the 1st and 2nd equations become

▪ 𝜆𝑑 =
𝑅𝑠𝑖𝑑−𝑉𝑑

𝑝𝜔𝑚
, 𝜆𝑞 =

𝑉𝑑−𝑅𝑠𝑖𝑞

𝑝𝜔𝑚
: d/q flux linkage

▪ 𝜆𝑡𝑜𝑡𝑎𝑙 = 𝜆𝑑
2 + 𝜆𝑞

2

▪ 𝜆𝑚𝑎𝑥 =
𝑉𝑑𝑐

3𝑝𝜔𝑚
  : allowed flux @given speed

or calculation with Ld and Lq

▪ 𝜆𝑑 = 𝐿𝑑 𝑖𝑑 + 𝜆𝑚

▪ 𝜆𝑞 = 𝐿𝑞𝑖𝑞 Estimated λq

Estimated λd
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Optimal calibration with experiment data
Look-up tables for flux-based motor controller

▪ Model-Based Calibration Toolbox

– Is specialized for design of 
experiments, fitting statistical models, 
and generating calibrations and lookup 
tables of complex nonlinear systems

– Users can automate the model fitting 
and calibration process by using the 
toolbox apps or MATLAB functions
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Optimal calibration with experiment data
Look-up tables for flux-based motor controller

▪ Import data

– Flux total

– Flux allowed

– Flux d-axis

– Flux q-axis

– Current d-axis

– Current q-axis

– Torque

– Speed
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Optimal calibration with experiment data
Look-up tables for flux-based motor controller

▪ Filter and group data

– Add filtering conditions
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Optimal calibration with experiment data
Look-up tables for flux-based motor controller

▪ Filter and group data

Before After

• Max current

• Allowed flux
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Optimal calibration with experiment data
Look-up tables for flux-based motor controller

▪ Filter and group data

– By torque & speed 
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Optimal calibration with experiment data
Look-up tables for flux-based motor controller

▪ Fit model

Fit Models
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Optimal calibration with experiment data
Look-up tables for flux-based motor controller

▪ Fit model

– Point-by-Point: 

Allows to build a model at each operating point 

– Responses / Local inputs

▪ Set Iq as the response of the model

▪ Set Id as the local inputs

– Select modeling options

▪ Fit boundary model:

Describes the limits of the operating envelope

▪ Use default models for large data:

Default model is GPM (Gaussian Process Model)

– Operating point inputs

▪ Torque

▪ Motor rotating speed
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Optimal calibration with experiment data
Look-up tables for flux-based motor controller

▪ Fit model 

– Test 208 shows a little large 

RMSE

– You can move to test 208 

by using “Select Test” 

• Shows a little 

large distribution

• If there are some 

outliers, they can 

be removed by 

“Outliers”
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Optimal calibration with experiment data
Look-up tables for flux-based motor controller

▪ Fit model 

– Remove outliers
2

Selected outliers in 

the small circles

1

3
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Optimal calibration with experiment data
Look-up tables for flux-based motor controller

▪ Fit model

– Remove outliers
Before removing 

outliers

After removing 

outliers
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Optimal calibration with experiment data
Look-up tables for flux-based motor controller

▪ Create functions

Import model 
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Optimal calibration with experiment data
Look-up tables for flux-based motor controller

▪ Create functions

– Current magnitude, Is

– Is ≤ 300 A, the constraint
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Optimal calibration with experiment data
Look-up tables for flux-based motor controller

▪ Create functions

– TPA = Trq / Is

– TPA(Torque Per Ampere) is 

the objective function to be 

maximized by optimization 
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Optimal calibration with experiment data
Look-up tables for flux-based motor controller

▪ Create LUT from model

Create LUT with 

Iq point-by-point 

model 

Set LUT format

such as table 

rows, columns

Select LUT 

outputs
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Optimal calibration with experiment data
Look-up tables for flux-based motor controller

▪ Optimization

– Objective function: TPA, maximized
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Optimal calibration with experiment data
Look-up tables for flux-based motor controller

▪ Optimization

– Add Constraints & Run
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Optimal calibration with experiment data
Look-up tables for flux-based motor controller

▪ Fill and export LUT
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Optimal calibration with experiment data
Look-up tables for flux-based motor controller

▪ Fill and export LUT

– Examine LUT
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Optimal calibration with experiment data
Look-up tables for flux-based motor controller

▪ Fill and export LUT
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Conclusions

▪ Has shown how to apply “Global Optimization Toolbox” to parameter 

estimation for physical modeling

– The optimization workflow “Sensitivity Analyzer” and “Global Optimization Toolbox” 

combined has shown how to make parameter estimation problem much more 

efficient

▪ Has shown how to create optimized lookup table with “Model-Based 

Toolbox”

– From experiment data import / preprocessing / fitting model / table optimization

▪ These workflows can be modified easily to be applicable to other kinds of 
optimization problems beyond the example shown above
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