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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
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Parameter estimation with experiment data
Plant model review
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Parameter estimation with experiment data
Plant model review

= Calculation error is designed for optimization objective function
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Heat exchangerate and vapor quality are

calculated in model
Comparethem with experiment dataand

errors can be used directlyin objective
function
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Parameter estimation with experiment data
Sensitivity Analyzer

*ﬁ Evaporator2_MNE_Test - Simulink —
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Parameter estimation with experiment data

Sensitivity Analyzer

4 Sensitivity Analyzer* - Evaporator2_NE_Test

I SENSITIVITY ANALYSIS

J H Param eter Set to Evaluate:
Open Select Generate |Ng param eter Set Defined ¥

Session¥ Session¥ Parameters¥ Values¥

Save

FILE PARAMETER SET

Data Browser

¥ Parameter Sets

¥ Requirements

SignalMatching

¥ Results

¥ Preview

Measured output signal(s):
-0

Measured input signal(s):
= Qexp

1. Choose requi

! . i
[ Store Interm ediate Data

New Select for @ Options~ Evaluate  Optimize
Raruwiramantw  Eyaluation BUEDS Model ¥ =
‘ NEW TIMFE DOMAIN REQUIREMENT h'E OPTIMIZE

| e e o s

Signal Matching
Match m odel output signals to known m easured signals
(also known as an experim ent in parameter estim ation).

&

Signal Bound
Specify a piecewise
linear bound on a signal.

i

Signal Property
Specify arequirement on a
signal property such as the mean value.

Step Response Envelope
Specify a step
response envelope on a signal.

Signal Tracking
Specify a fracking requirement on a
signal (used in response optimization).

Ellipse Region Constraint
Constrain a pair of signals to an
elliptical region in signal phase plane.

Custom Requirement
Create a
custom recuirement.

remént.type a

Monotonic Variable
@ Specify arequirement that a
wvector, matrix or array be monotonic.

Smoothness Constraint
Specify a smoothness
requirement on a vector, matrix or array.

i

Function Matching
fAd

ifa s L

Edit Signal Matching: SignalMatching

Outputs
Specify measured output signals for this requirement.
-/Calc Error/Rate Transition:1 (Q)

|<1x1 Signal, 1 points>

@ Select Measured Output Signals

Inputs
Optionally specify input signals for this requirement.

Evaporator2 NE Test/Qexp:1

|<1x1 Signal, 501 points:>

’E Select Inputs
Initial States
Optionally define initial states for this requirement
There are currently no initial states defined for this requirement
Select Inifial States

[« Plot & Simulate [ Plot 47 OK  (2) Help

MATLAB E

nd enter I/O signals
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Parameter estimation with experiment data
Sensitivity Analyzer

4 Sensitivity Analyzer* - Evaporator2_NE_Test - Parameter Set: ParamSet — o X

M Store Intermediate Data @ @

I SENSITIVITY ANALYSIS

O d| B | B

STATISTICS

PARAMETER SET

Param eter Set to Evaluate: E

Op_en Sa_ve Select Generate New Select for @ Options = Evaluate Optimize
Session™ Session™ Parameters¥ Values ™ Requirement¥ Evaluation Model ¥ A
FILE PARAMETER SET REQUIREMENTS OPTIONS EVALUATE | OPTIMIZE a
g | Parameter Set ParamSet |
é Select Param eters X
% Evaporator.i\ Filter by variable name o~ yorator.N... EvaporatorN.. Evaporator.N...
o 0.3300 0.8000 0.0230:
! v Variable Current Value Used By
] Evaporator NonGeom MA.PresLossCoeffVa... 10 Evaporator? ME Test/Fvaporator
] EvaporatorNonGeom.TP.LamFricConstdDa... 64 Evaporator? ME Test/Evaporator
] Evaporator.NonGeom.TP.TurFlowLoRelmt... 4000 Evaporator? ME Test/Evaporator
a EvaporatorNonGeom.TP.LamFlowUpRelm... 2000 Evaporator? ME Test/Evaporator
a Evaporator.NonGeom.TP.AggEqulgthLocR... 0.1 Evaporator? ME Test/Evaporator
a Evaporator.NonGeom MA.Coeff.c 033 Evaporator? ME Test/Evaporator
a Evaporator.NonGeom MA.Coetf.b 08 Evaporator? NE Test/Evaporator
a Evaporator NonGeom MA.Coeff.a 0.023 Evaporator? NE Test/Evaporator
a EvaporatorNonGeom TP.Vap.Coeff.c 033 Evaporator? NE Test/Evaporator
a EvaporatorNonGeom.TP.Vap.Coeftb 08 Evaporator? NE Test/Evaporator
a Evaporator.NonGeom.TP.Vap.Coefi.a 0.023 Evaporator? NE Test/Evaporator
a Evaporator NonGeom .TP.Mix.Coeff.c 033 Evaporator? NE Test/Evaporator
a Evaporator NonGeom TP.Mix.Coeftb 08 Evaporator? NE Test/Evaporator
a Evaporator NonGeom TP.Mix.Coeff.a 0.05 Evaporator? NE Test/Evaporator
) Evaporator.NonGeom.TP.Lig.Coeff.c 033 Evaporator2 NE Test/Evaporator
| ) Evaporator.NonGeom.TP.Lig.Coeffb 08 Evaporator2 NE Test/Evaporator
| ) Evaporator.NonGeom.TP.Lig.Coeff.a 0023 Evaporator2 NE Test/Evaporator
| AirFlowRate <1x1 timeseries> Evaporator2 NE Test/VolFlow(MA)/Constant2
L Evaporator < 1x1 struct> Evaporator2 NE Test/Evaporator

¥ ; dd new param eter by indexing/expression with existing one (e.g. A(3) or 5x)

E aporator.NonGeom.TP.LamFricConst4DarcyFricFctValue

o OK ¢ Cancel (2) Help

2. Choose parameters or enter

parameter names
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Sensitivity Analyzer

4 sensiti

- Evaporator2_NE_Test - Param

SENSITIVITY ANALYSIS

=

Open Save
Session¥ Session¥ Parameters ¥ Values”

FILE

Select

53

Generate

Se

PLOTS

PARAMETER SET VIEW

raram eter Set ‘4 Generate Random Parameter Values

2aramSet

PARAMETER SET

Data Browser

¥ Parameter Sets

ParamSet

¥ Requirements

SignalMatching

¥ Results

¥ Preview

Parameter set with 1 entries and parameters:
PresLossCoeff. Value
PreslossCoeff.Value
Coeff.c
Coeff.hb

Evaporator.
Evaporator.
Evaporator.
Evaporator.
Evaporator.
Evaporator.
Evaporator.
Evaporator.
Evaporator.
Evaporator.
Evaporator.

3. Generate par

HonGeom.
HonGeom.
HonGeom.
NonGeom.
NonGeom.
NonGeom.
HonGeom.
HonGeom.
HonGeom.
NonGeom.
NonGeom.

HA.
TP.
MA.

JHix.
WHix.

.Coeff.a
Vep.
Vep.
Vap.
Hix.

Coeff
Coeff
Coeff
Coeff
Coeff
Coeff

pbaabo

MNumber of Samples: EDl

© Overwrite previous valugs in parameter set when gensrating new values

() Append to previous values in parameter set when generating new values

Sampling Methog: | Random

X

B4 EG9el@e

| Param eter ‘ Distribution

EvaporatorNonG.. | __towerl | _woper)! | | | @ |

|

Lower:[245161184..]

4

Lower:| 1.61895789...]

Evaporator.NonG... | Uniform
Evaporator NonG.. | Uniform
Evaporator.NonG... | Uniform

-

Lower:‘

1.7325

Upper.[203641447..
Upper:[197872631.
upper[ 21175 ]

Distribution Plot Comelation Matrix

Probability Distribution for Evaporator.NonGeom.MA.PresLossCoeff.Value
T

= =
= =]
T T

=
N
T

Probability Density

ametervalues to be used in exploration

- X
Aon.. Evaporator.Non.. Evaporator.Non.. Evaporator.Non..
1.5488 2.0958 2.7686 0.2342
‘ Cross-Correlated |
o |
O
O
Mean: 7.25

Standard Deviation: 0418579

Apply Help

[—\

MATLAB E
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Parameter estimation with experiment data
Sensitivity Analyzer

sitivity /

BT e o e e Gramwmescon
— = =
—'J H g Param eter Set to Evaluate: L‘;.‘F @ ™ Store Intermediate Data E B

Open Save Select Generate |paramSet - New Select for @ Options~ Evaluate = Optimize
Session™ Session¥ Parameters¥ Values™ Requirement¥ Evaluation plions Model ¥ A
FILE PARAMETER SET REQUIREMENTS OPTIONS EVALUATE | OPTIMIZE
Data Browser @ - | Parameter Set ParamSet \
¥ Parameter Sets —
Param Set EvaporatorN.. E ilEaiatoniupions N el fvaporatorN.. EvaporatorN.. EvaporatorN.. EvaporatorN..
0.3075 0.0251 2.6682 0.7447 0.2200
General Parallel Linearization
0.3054 0.0237 2.8459 0.8779 0.1855
0.3231 T o I . ; 0.0249 2.5941 0.8066 0.1948
i 'se the parallel pool durnng optimization
NdBequiEmED(s 03011 2 £ — 0.0213 28170 07228 0.1878
SignalMatching 0.3207 Model file dependencies Model path dependencies 0.0221 26915 0.8513 0.1969
0.3247 0.0241 2.5868 0.7283 0.2188
0.3099 g::_g;g;:gil\/lv\ls,EXPOZOZB.’T hermal_Systems/Caches/Evaporator2_NE_Test slxc 0.0248 28862 0.8441 02174
+ Results. 03167 MWs/EXP02023/Thermal_Systems/Models/Units/NE/Evaporator NE/Evaporator2_NE_Test.slx 0.0235 2.6316 0.7706 0.2035
0.3416 0.0215 29018 0.8284 0.2019
0.3404 0.0225 27212 0.7329 0.1955
0.3454 0.0247 2.6744 0.8021 0.1922
0.3351 0.0246 26312 0.8181 0.2068
~ Preview 0.3354 0.0237 27118 0.7973 0.1923
Paraucter set with 50 entries and parameters: 03377 0.0228 27591 0.8387 0.1912
Evaporator. HonGeon. HA. Caeff. ¢ 0.3147 0.0210 2.9406 0.8325 0.2040
Evaporator. NonGeon. HA. Coeff. b
Evaporator. Nonbeom, Ha, Cosfr. a 0.3385 0.0237 25224 07497 02025
Evaporator.HonGeon. TF. Hix.Coeff.c 0.3401 0.0233 2.9689 0.7992 0.1978
Evaporator. NonGeow. TP. Mix.Coeff.b Add file dependency Sync file dependencies from model
Evaporator. NonGeom. TP, Mix.Coeff.a 03531 ‘ o -] Sy o | 00214 29280 07308 0.2062
Evaporator.HonGeom. TE. Vap. Coeff.c 0.2975 0.0251 2.6009 0.7634 0.1857
Evaporator. HonGeon. TP, Vap. Coeff.h _
Evaporator. NonGeon. TE. Vap. Coeff.a 0.3407 | Help ‘ | OK | | Cancel ‘ 0.0240 27338 0.8794 0.1975
Evaporator.NonGeom. TP. Lig. Coeff.c 0.3608 — — 0.0222 3.0158 0.8747 0.1870
T
Eveporaror.Nonbeon. 18, Lag. oett . 03271 62251 0.1833 03358 07545 0.0465 03060/ 65411 00213 28826 07232 02111
vaporator.NonGeon. TP. Lig. Coeff.a.
- 0.3134 ‘ ‘ 7 0.2015, 0.3328 0.7480 0.048. 0 3537 6.394 00223 2.5241 0.8087 0.1884
4. Choose opti ns; “lse the:parallel pool durtng::: =
o i’ x 196 5. 2. 2.8079 0.8242 0.1908
0.3182 6.7929 0.2094 0.3478 0.7281 0.0501 0 3295 6.2776 0.0214 2.8498 0.8426 0.2022
] ] n
1 .Ogi 3| 0.0220 27276 0.7336 0.2084
optimizatio Isver r el w2 e owm oo
3001 &704 n1079 03142 n7cEs nnsA n3594 e nna4aa 27600 n7011 n1070




Parameter estimation with experiment data

Sensitivity Analyzer

4 Sensitivity Analyzer® - Eva| orator2_NE_Test - Tornado plot: StatsResult

SENSITIVITY ANALYSIS

Evaluation Result to Analyze:

STATISTICS PLOTS

Method: & Correlation

TORNADO PLOT

Type: W Linear D

O X

- o
wf —__ EFEAEEEEen

EvalResult_3 - [ Standardized Regression M Ranked Compute
. . Statistics ¥
M Partial Correlation M Kendall .

EVALUATION RESULTS METHODS & TYPES CALCULATE -
] | Parameter Set Param sco Slaic ol Lvaincsunes TLVaGauGesaic Lvaneaes | Tornado plot StatsResult
&
2
[a SinnalMatehinn

or.NonGeom.MA.Coeff.b
VA PresLossCoeff.Value
or.NonGeom.MA.Coeff.c
lonGeom. TP.Mix.Coeff.b
onGeom.TP.Vap.Coeff.b
onst4DarcyFricFct.Value
JonGeom.TP.Liq.Coeff.b
JEqvLgthLocResis. Value
lonGeom.TP.Mix.Coeff.c
NonGeom.TP.Lig.Coeff.c
onGeom.TP.Vap.Coeff.a
lonGeom.TP.Mix.Coeff.a

6.Choose statistical anal¥&&s methods from

JnnGeom‘TPti

- LSTATISTICS” tab and clickCompute Statistics”-

' TurFlowLoReLmt.Value

7. Choos
(8 params are selected)

[0

Parameter Influefice

I C.orrelafinn

i) Statistics computed

MATLAB E
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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

MATLAB

MO EAMAARONT - EvagorMloe ) NE_Tewt o X
EOTICEEN oo o (ESSSSIoR]
1 k3 s ol & |

Save e

e

e Setect Select  Sembaly  AddPot Mot Mok
) v [wperiment Dperments  Paameters Andbun @ - Resporns
- -
2 B Lt Diperment Lip
v Pavameten LEAROEMONS NE TECLOC LT Iice]
<11 Sognal. § pornts g X
Ll Eroe/Ata L) (iree Q)
« el Sgnad, | ponts» ¢ X
e Al Lroe/Abi2 | (iree Yool
« et Segnad. 1 posnts» ¢ X
Sl Dinon/Addd 1 (Laod
« el Segnal, | poants» ¢ X
Laie DiroePate Tionesten ) £
- Resdts « el Sagnal. 1 pornty> v X
Ll ErroeBate Tiansaen ] ] (Qep)
« bl Segnad. 1 pointss ¢ X
JMasblooIPY Acsie TP (TP ot mess)
¥ Prevew < Tl Segnad. | posnts» s X
LLIE A0 meanBin Createc | (TP
Sevet § « Bt Sagnal. | poants s ¢ X
rrrr AN o MAV B Creator ] (MA 1 nea)
« et Segnal. | poants > 2 X
Pt TranLons ! (el donttate)
« het Segnal ¥ posnts e X
&) Selent Measred Ovput Sagnals
Inputs
Opbonully soecly mput ugnas for B expeniment
Paceaaeter(olt Dospotatord NC 1ok Qe ) {Qopt
whs « 1t Sagnal 1 peantss v oaXx

&1 Select lnoun

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

Population-based Multiple-starting Single-starting points Uses approximation  Applicable for multi-
(genes, particles) points with derivative with random / function(surrogate) objective
heuristic algorithm algorithm stochastic optimization

exploration algorithm problems

13
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Parameter estimation with experiment data
Global Optimization Toolbox — GA

= Genetic Algorithm (GA)

— Itis 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

FE N 11 LE A 11

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

14
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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
iIndividuals are selected for reproduction

15
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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

[s]afofs] —— [2]2]o]1]

[le]ofs] ——[of1]of1]

16



Parameter estimation with experiment data
Global Optimization Toolbox — GA

» Selection
« Crossover
 Mutation

MATLAB EXIPO

17
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Parameter estimation with experiment data
Evaporator modeling

Experiment data

Vdot_air Tair_in Hd_in_abs T,_out Q_air Mdot_ref Tref_in Trer_out Pref_in Prer_out
(CMS)  (°C)  (kg/kg) (°C) (kW) (kg/s) = (°C)  (°C)  (bar) @ (bar)

0.0500 27 0.0200 5.0 3.00 0.03000 @ 3.00 5.00 250 2.25

X ref

0.300

— 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

18
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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

%% Create Simulink simulation input data type "in
in = Simulink.SimulationInput(mdl);
%% Loop for selected experiments
for expNum = expSet
% Reference experiment result update
[Qexp] = createQexp(expNum,tini,ts,tfin,Q_air);
% For initial condition settting
[Evaporator] = initEvaporator2(expNum,Evaporator);
% I/0 condition setting
[Rsrv_TP_in,Rsrv_TP_out,Rsrv_MA_in,Rsrv_MA_out] = ...
createReservoirs_Evaporator2_NE(expNum, Evaporator);

% Insert update workspace variables with updated data infomation
in = in.setVariable("expNum",expNum);

in = in.setVariable("Qexp",Qexp);

in = in.setVariable("Evaporator",Evaporator);

in = in.setVariable("Rsrv_TP_in",Rsrv_TP_in);

in = in.setVariable("Rsrv_TP_out",Rsrv_TP_out);

in = in.setVariable("Rsrv_MA_in",Rsrv_MA_in);

in = in.setVariable("Rsrv_MA_out",Rsrv_MA_out);

19
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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

% Simulation

ErrorMessage = [];

try
% Simulink "run" with "in"
out = sim(in);

catch
% For the case of simulation error
ErrorMessage = "Invalid parameters!”
end

% Evaluate objective function

if isempty(ErrorMessage) && isempty(out.ErrorMessage)
% Account only steady-state error with scale factor like "®.9"
idx = find(out.logsout.get( 'Error').Values.Time > tfin*@.9);
data = out.logsout.get( 'Error').Values.Data(idx(1):end);

% Accumulate average error
Ftmp = Ftmp + mean(data);
else
% Penalty for simulaton error case
Ftmp = 1@@;
end

20



Parameter estimation with experiment data
Evaporator modeling

= Option setting for optimization

Set population size
Set elite size

%%
optset.nvars = length(optset.x8);

MATLAB EXF

% ga, gamultiobj, GlobalSearch, particleswarm, MultiStart, surrogateopt

optset.PopulationSize = 4*gptset.nvars;
if optset.PopulationSize > 48
optset.PopulationSize = 28;
end
optset.EliteCount = ceil(@.l1@*optset.PopulationSize);

% Check conditions
assert(optset.PopulationSize > 1);

% ga

21
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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

« Maxtime

* Fitness limit

are the main stopping criterion

%% Stopping Criterion

% 1. Tolerances

% FunctionTolerance is a lower bound on the change in the value of the obje
optset.FunctionTolerance = le-3;

% ConstraintTolerance is an upper bound on the magnitude of any constraint
optset.ConstraintTolerance = le-3;

% OptimalityTolerance is a tolerance for the first-order optimality measure
% First-order optimality is a measure of how close a point x is to optimal
optset.OptimalityTolerance = le-3; % GlobalSearch, MultiStart

% Tolerance on function values for considering solutions equal, specified a
% Solvers consider two solutions identical if they are within XTolerance re
% and have objective function values within FunctionTolerance relative diff
optset.XTolerance = le-3; % GlobalSearch, MultiStart

% When the current mesh size is less than the value of MeshTolerance, the a
optset.MeshTolerance = le-3; % patternsearch, paretosearch
optset.S5tepTolerance le-3; % patternsearch

% 2. Iterations and Function Counts
optset.MaxIterations = 180;
optset.MaxFunctionEvaluations = optset.MaxIterations*(optset.nvars + 1);

% 3. Others

optset.MaxTime = 1*68+%60; % [sec]

optset.MaxGenerations = 28; % ga, gamultiobj

% The algorithm stops when the average relative change in the fitness funct
% over MaxStallGenerations is less than Function tolerance.
optset.MaxStallGenerations = optset.MaxGenerations*@.8; % ga, gamultiobj
optset.FitnessLimit = @.15; % ga, (Lower limt of objective function va
optset.ObjectivelLimit = optset.FitnessLimit; % surrogate

22



Parameter estimation with experiment data

Evaporator modeling

= Constraints

— Linear inequality / equality

- Example (Linear inequality)
—x(1)+x(2) < -1

Nonlinear
Integer

—x(1) +x(2) <5

Aineq = [:1

bineq = [_51]

—1
1

|

MATLAB E

%% Constraints

optset

optset

.Aineq = [];
optset.

bineq = [];

.Aeq = [];
optset.
optset.
optset.

beq = [];
nonlcon = [];
intcon = [];

23
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Parameter estimation with experiment data
Evaporator modeling

= There are “ga” solver its own

. %% ga
()[)tl()fTES ESlJ(:f] 6155 optset.CreationFcn = 'gacreationuniform';
. . . % PlotFcn options
- |n|t|al pOpU|atIOn Cl’eatIOn % 'gaplotbestf' plots the best score value and mean score versus generation

% 'gaplotbestindiv' plots the vector entries of the individual with the bes

- PlOt funCtlon durlng Optlmlzatlon % 'gaplotexpectation' plots the expected number of children versus the raw

% 'gaplotrange' plots the minimum, maximum, and mean score values in each g

- Hyb”d funCtlon that runs aﬂ:er optset.ga.PlotFcn = {@gaplotbestf,@gaplotbestindiv};
“ga” Optlmlzatlon to flnd more optset.ga.OutputFcn = {@outputfcn_ga};
. . optset.ga.hybridsolver = 'fmincon';
delicate solution optset.ga.hybridopts = optimoptions(...

optset.ga.hybridsolver,...

'Algorithm', 'sgp',...
'ConstraintTolerance',optset.ConstraintTolerance,...

'Display’, 'iter',...
'"MaxFunctionEvaluations',ceil(min(18@,optset.MaxFunctionEvaluations/18)
'MaxIterations',ceil(min(3,optset.MaxIterations/18)),...
'OptimalityTolerance’,optset.OptimalityTolerance,..

'PlotFen’, 'optimplotfval® ...

);
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MATLA

Parameter estimation with experiment data
Evaporator modeling

. Run “ga”

x =ga(fun, nvars, A, b, Aeq, beq, Ib, 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

Ib, 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)
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MATLAB E

Parameter estimation with experiment data

Evaporator modelin YT
P J Other params except the estimated -

8 paramsareremain at default values

[} “ga” Optimization fmincon stopped because it exceeded the iteration limit,

options. . MaxIterations = 3.000000e+00.

r -

— . . FMINCON terminated.
4 Genetic Algorithm = O X

File Edit View Insert Tools Desktop Window Help bl info =
dode @ 08 R(E
struct with fields:
Best: 0.726409 Mean: 0.801868

Number of variables (8)

Fltn ess \/a|uaEES . P—— ' StartTime: 14-May-2023 17:15:47
o Bl «  Mean finess StartDate: 1l4d-May-2023
,—:'u model: 'EvaporatorZz NE Test'
54- solver: "ga”
g problem: [1x1 struct]
w2 options: [1x1 optim.options.GCalptions]
[ | optset: [1x1 struct]
I fral: 726.403%9e-003
Generation exitflag: 1.0000e+000
R Current Best Individual cutput: [1x1 struct]
E population: [32=8 double]
. -2 scores: [32=x1 double]
BeSt In IVm Llal exltmessage: "Without nonlinear constraints< — Average cumu
i é 50 xopt: [3.101%e+000 601.2430e-003 ©601.3701e-003 2.1015¢
= StopTime: 14-May-2023 17:52:11
E TimeCost: 00:36:24
S .
i ° 1 2 3 4 5 6 S>>
-




MATLAB

Parameter estimation with experiment data

Evaporator modeling

= Hybrid function optimization

r

4. Optimization Plot Function

File Edit View Insert Tools Desktop Window Help
Dade @ 08 K [E
' Current Function Value: 0.726404
&72641I
0.726409

0.726408

0.726407

3
3

Function value

0.726405

0.726404 ¢

D- 726403 1 1 1 1 1
0 0.5 1 1.5 2 2.5
Iteration

" tfmincon” is used after “ga” =

726.403%e-003 Opt|m|zat|on
Even after hybrid function execution,
~.theerrorisnotsmallenough

F =

726.403%e-003

F =

726.403%e-003

F =
726.403%e-003

3 73 7.204035%e-01 0.000e+00 4.035e-02

Solver stopped prematurelw.

fmincon stopped because it exceeded the iteration limit,

options.MaxIterations = 3.000000e+00.

fx
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Parameter estimation with experiment data

Evaporator modeling

= Results

[4] P-H Diagram (2P)

[«a1)[mn ][>

MATLAB EXP(

= a x

248 [(1X v| [?

« Errordecreased
5 « If notenough,thentry
again after adjusting
a upper/lower bound

Time:
R-1234yf L
| |'| [T ! \ |
| | | / 1
R . 345 ] |
o m )
| || 2+ Phaseshifted from |
-
<871/ mixtureto vapor;
| 305 £\
) AR s
: \J(/ 285 2 o\ 5| 15| B
o / 265 265 AL |
o I/ ﬂ: I'. {111}
N
] E ."I| I' l ||
3 L;"r- '1 | !.I | | 111
wikl|] 245 "lilllil':l 11 4
(N
-'i.l.l' 11 ';I 2 o | *
/ SIS
295 '}95—1"11]“."1 11 In .
150 200 250 300 350 400 450
Specific Enthalpy (kJ/kg)
Two-Ph Fluid Pr ined Properties (2P)
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MATLA

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

29



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

= Calibration Table Generation Workflow Steps

Collect and Post Process Required data:

Motor Data - D/Q-axis current: Iy, I,
 Motor torque and speed
« D/Q-axis flux: Ay, Aq
* Allowed flux: Apax

Model Motor Data Use a point-by-point model to fit data:
(MBC Model Fitting)  Import data
« Filter and group data
 Fit model
Generate Calibration Calibrate and optimize the data using objectives and constraints:
(MBC Optimization) » Create functions (Objective, Constraint)

 Create LUT (Lookup Tables) from model
* Optimization
* Fill and export LUT

MATI
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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 + % —pwmld
« Vy = Rylq + 22+ py A
for steady-state, the 1st and 2" equations become

o Ag = FelaVa) 5 WaRsa). gy gy linkage

pPwm PWm
— 2 2
" Atotal = ,,Ad + /1q
u = L . i
Amax Tror - allowed flux @qgiven speed

or calculation with Ly and L,
" Ad = Ldid + /1m
= Aq = Lglq

-0.005

0.0405

0.04

0.0395|-

0.039 -

0.0385|

MATLAB B

Estimated Ay

6.5 1 15 2 25 3 3.5 4 4.5

-0.01

-0.015

-0.02-

-0.025

Estimated Aq
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MATLAB I

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 automatethe model fitting
and calibration process by using the
toolbox apps or MATLAB functions

File Data View Window Help
=" | & ?
Projects

) New Project

|~ Open Project

Recent prajec. .

eeeeeeeeeeeeeeeee

ppppppppppp

RRRRR

"4 Model Browser - CAProj\P-HMC-13148\Git\work\ModelThermal_Systems_R2022b\Models\Controllers\MPC\Untitled

&8s &

@& MBC Model Fitting

Create experimental designs and statistical madels for model-based calibration

Your project is empty. Design an experiment or import data for modeling

Import Data Fit Models Generate Calibration

Browse Project
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MATLAB EXIlPO

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

PROJECT SHORTCUTS

AUTOMOTIVE

Data Editor - PMSMEfficiencyData

= Import data
— Flux total \Jh; ﬂ;ﬂ;;\ml\vwm em% DemElev|e ! : @ ¢ @ *
MBC

Summary Statistics Variables Filters Test Filters Test Notes

— Fluxallowed  |(EesEmmmmmr | e SibinaTin ] Meclicos

b e ; P > Scenario De... Optimization
.
— Flux d-axis B octaromaiing [ Detaremoved I Vraies ke —
T
. 2D Data Plot 8@ x|
— F I u X q - aXI S Y-axis selection Flux_d Flux_q Id Iq Is Trq n
~ 4 0206 79334 -261633 0277 261633 1 1720 ~
Flu_allowed s 0193 B04led 27551 027§ 27551 1 1720
1 Flux_d 3 0192 B8148e4 269333 0276 269.338 1 1720
-_— C u rre n t - aXI S :;'“x—“ b 7 -0184| B26le-4| -263.265 0276 263265 1 1720
- 8 0177 B384 -257143 0276 257143 1 1720
Is a 0169 B504e-d| 25102 0277, 251021 1 1720
. Tro J 10 0161)  8634e4 244 898 0278 244898 1 1720
_— C u r re n t q - aXI S n 11 -0154| 876%9e-4 238776 0278 238776 1 1720
12 0146 B8911ed| -232653 0273 232653 1 1720
; 13 0138 80584 22653 0278 226531 1 1720
14 043 9214e-4| 220408 o28) 220408 1 1720
-_ TO rq u e 15 -0122| 9378e-4 214286 0281 214286 1 1720
g 16 0114 85494 208163 0282 208163 1 1720
- 17 0108 9734 202041 0282 202041 1 1720
” 18 0098 992ed 195918 0283 195919 1 1720
—_— S p e e 4 19 003 1012e-3  -189796 0284 189796 1 1720
b 20 0081 1034s-3 183673 0285 183674 1 1720
21 0073 10563 177551 0287 177551 1 1720
2 0084 1083 171429 0289 171429 1 1720
. 23 0056 1106s-3  -165306, 029 185308 1 1720
e b 24 0047 113383 159184 0283 158184 1 1720
25 0038 1162e3  -153.081 0285 153062 1 1720
<none= v 26 0029 1.192e3 146939 0298 146939 1 1720
] 27 002 12253 140816 0301 140817 1 1720
28 001 126e-3 134694 0305 134694 1 1720
29 -4413e-4|  1297e-3 128571 0308 128572 1 1720
30 9319e-3|  1.337e3] 122449 0313 122449 1 1720
7 3 oms|  138e3 116327 0318 116327 1 1720
32 0028 14263 110204 0324 110205 1 1720
<) 0038] 1476e3] 104082 033 104082 1 1720
34 005 1533  gresm 0337 a7.96 1 1720
35 35 008 1593 1837 0344 o1 837 1 1720
x10t ] 007 16553 -B5714 0352) 85715 1 1720 v

Data has 30472/30472 Records, 9 + 0 Variables, and 30472 Tests. ‘
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Optimal calibration with experiment data
Look-up tables for flux-based motor controller

= Filter and group data
— Add filtering conditions

4 Drata Editor - PMSKEHGencyData

Window  Help
+%8 GR!0 % E©EEE

Summary Statistics Variables Filters Test Filters Test Notes

File View Tools

Fitter Expression Results
Edht...
Add...
Delete...

2D Data Plot

X%

?

»

MATLAB EXIlPO

"4 Filter Editor

Currently defined fiters:

I= <= 300 A

il

Specify an equation which is true for records you want to keep
2.9. to keep RPM greater than 1000 specify RPM = 1000

Flupe == Flux_sllowed

a X

Variable Min Max|  Mean Std.Dev. Units
Trg ' 1| 510887 237668 12963
Id | -300 0| -150.385 86673
I 0.276 300 117593 84.461
n 1720  6320| 3750769 142204
Flux_d | 0226 0225/ -5061e-3 0118
Flux_ | 766504 043 027 0428
Flux 137e-3 0433 0303 0106
Flux_alloved 0108 0401 0214 0087
Is | 0749 424264 210716 81745

Cancel

Help
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MATLAB EXIPO

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

= Filter and group data

. ax current
e . lowed flux

& Data Editor - PMSMEfficiencyData - o X & Data Edh
File View Tools Window Help File View Tools Window Help
48 BRv: 39 Dol Y| ? 48 BRY &R DOmEB av|?
Summary  Statistics Variables _Fitters Test ilters Test Notes S P T
307213072 Fosuts
3“;7:;?:; Ol 2uccsTTRAY e 4121 recens ki
: - ; T " - " Fhx - P st Flir comssiuay spp. 22621 recuras e, .
M oetarencing [l Dataremoved [l Veriobles acded -
2D Data Plot s x -
V-anis selection Fux ol CL
_ r 028 V-au selection
Flux_alowed 5 0139 1
Fud 6 0192 Fhox_siowed 2 0213 04m| o3| 7Bazes] amr7ss|  oxre|  2ev7ss| 1 1720
il 2 0184 fFho_d 3 0205 04| 0208 79es| miems oz omess 1 1720
» s 0177 e . 0198 oam| 018 Bosted| 27550 o2ms| 255t 1 1720
s s 0169 o s 0192 04| 019 e1stes] x93 0276 260399 A
T i) 0181 © [ 018 04m| 0184 B26tes] amazes|  oxre|  2s3zms| 1|
n 1 0154 0l T 0177 oam| 0177  s3ses| 2sria3  oze|  2smaa 1
12 0146 n [ 0163 04w 0163 BSOked| 25102 o02r7|  2sioon ' 1720
v 13 0133 g 9 0161 040 0761 66| -2eamee 0278 2e4E98] A
14 013 10 0156 04m| 0154 B76ses] 2m7iel  oxre|  2mm77s| 1w
4 15 0122 " 0145 04| 0148 Baties| 2mess| oz 232683 1 1720
16 o114 i 12 0138 0am| 0138 o0sted| 22883 02r3| 2883 [
1 010, 1 013 00| 013 921ses] 220408 026 20408 A
3 18 L 14 0122 04| 01| samees] ez oz 1azm 1w
L . s 15 0114 0am|  on14| ssases| 20ate3  o0zs2|  aoeve3 1
o o073 1" 0108 04m| 0108  973ed| 202080 0282 202080 1 1720
> 064 1 0| 00w sanes] awsme[  o0ma  ws A
- o.006] 1 0am| 003 1m2e3] tee7es|  oasa] 1sass 1w
v = 0047] L] 1 04| oos| 103e3] amiers|  oass| saere 1
Xeais selection = 0.0%) oz seiection = e 0073 108e3| 4msst 0287 117550 ' 1720
<none» v % 002 e - n | | 108e3] anan|  ome| 1nam| A
z 0 n 04m|  o0s  1108e.3] -165.306] 02s| 165308 1w
» 001 n 04| 0047 11333 asanes|  02e3  1saise 1
2 Tare3 7 Da| o0 118203 153081 0205 153082 1 1720
£l 341403 5 0| 008 awmd as6e3] 026 eeswm A
El 0018 = vam| o2 1zzses] awmme[  owm| aoe] 1w
2 002 a 040 001 126e3] 134634|  o30s| 13eesa 1
£ 0039 =» 040 _d@ties] 129763 12871 o8| 128872 ' 1720
= |2 005 ] 0s| 9903 13wed azzess|  oma  1zze A
5 3 008 £ vam|  oms|  13es| meza|  ose  weaw| 1w
e £ 047 1S E] 0401 0023 143 t0aoa] oz 1ioaos, 1| v
Deta has 30472730472 Records, § + 0 Variables, and 30472 Tests. Dot has 7621100472 Records, 9 + | Vavisbies_and 7621 Tests

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

= Filter and group data
— By torque & speed

4 Data Editor - PMSMEfficiencyData

File View Tools Window Help

SN

Sort Variab

Variables...
Filters...
Test Filters...
Test Notes...

Remove Data

Restore Data

Select Multiple Outliers
Clear Outliers

Ctri+A

Ctrl+Z

1880 &«

E’Test Notes

Import Expressions...
Export Expressions...

MATLAB BEXIPPO

E] Define Test Groupings - O X
Varisble Min | Max Tolerance || Group By Tﬁﬁ"
Try 1.000 432274 1000 & ,d'q ”
1720000 | 6320.000 poooo |4 0
ol .
[] one-stage data
["] sort records before grouping
[] show original test groups
Test number variable:
none v
; 214 tests defined
03 —_
06 |
04 |
i g
i " O t
02 i) Y K o
0 1 i
0 1000 2000 3000 4000 5000 6000 7000
Record Number
oK | cacel || Hep |
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Optimal calibration with experiment data

Look-up tables for flux-based motor controller

= Fit model

4. Data Editor - PMSMEfficiencyData

File View Tools Window Help

“A—‘ Model Browser - C:\Prj\P-PTBS-JumpStart\ptbs_vdbs_jum pstart\Model\customized\01.EV_VCU\02_Optimization\Model\EV\Untitled

File Data View Window Help

Bhed|e rxa|e

&8s bl

MATLAB EXIPO

|48 @BRve =R EO@EE|&v ?

Projects
[} New Project
| Open Project

Recent projects:

Test Selector
Test Trg

Filter Expression

Summary Statistics Variables Filters (2) Test Filters Test Notes

Results

@ 1s<=300
@ Flux == Flux_allowed

| Fitter successfully applied : 4121 records excludec

Fitter successtully applied : 22621 records exclug

3820 2D Data Plot

| 4320 V-aixis selection
4820|

5320 Flue_allowed
5820 Fiu_d
6320 Flux_g
1720 :
2020 s
2320 g
2620 n
2920
3220
3520
3820
4320
4820
5320
5820
6320,
1720

-]
g

=

2020 v

2320 X-axis selection
2620|
2920

3220
3520

3820|
4320
4820

5320
5820
27138 6320
40207 1720 v

<none= ~

srgesalesgearBresrREE22622822 00000

Create experimental designs and

Your project contains data. Now fit models to data.

MBC Model Fitting

| models for

“Fit Models

Generate Calibration

v
Open Recent Project ==
Case Studies < J
025 T v T T T T - A ———.
Examples B : 2
<4 s a X MEESE LN
5 Mutti-injection diesel tested with pilot injection .. i ¥ 2 iid
b A\ €l Mapped Engine - Fuel Input p == L
- JL I Mapped Engine - Torque Input
02F = L Sl Mapped Engine - Torque Input e ———
] @ PMSM maximum efficiency calibration ARET R AN I8
.
. = ~
. < > 5 )
- Design Experiment Import Data
! Help Open Example
045 .
. Browse Project
. .
(™ .
.
- Project Summary §
01 - Type [
M i Test Plans |
- !2 Data sets 1
. /; Models 0
.
.
0.05 = |
.
- - Rwy U U4 RILTFS '1.229€-3| =14U.57D)| .U 140G 1 1720
. 4 00 0401 001 1283 134694 0305 134694 1 1720
.. 13763 0401) -4413e-4| 1297e-3] 128571 0308 128572 1 1720
9.414e-3 0401 9319e-3] 1337e-3] 122449 0313 122449 1 1720
o T 0 s 2 o w w e 0019 0401 oo18| 1383 118327 0318 116327 1 1720,
0029 0401 0020 1426e-3] 110204 0324 110205 1 1720 v

Data has 7621/30472 Records, 9 + C variables, and 214 Tests.
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Optimal calibration with experiment data
Look-up tables for flux-based motor controller [zawew - o o«

Data
Data set: PMSMEficiencyData ~ i @

YWalidation clata et <nones= w

= Fit model
— Point-by-Point:

Percentage of data to use for validation:

Default models for large data are used with this data set.

Allows to build a model at each operating point
— Responses/ Local inputs Onge ,,.,,”,.,,, ng, T

= Set Ig as the response of the model
Set Id as the local inputs

Inputs and Responses

— Select modeling options RN & ;
Fit boundary model: R
Describes the limits of the operating envelope oy ol ®
Use default models for large data: =T
Default model is GPM (Gaussian Process Model) R — g:
— Operating point inputs ‘
) Torque Operating poirt inputs -
= Motor rotating speed ——
v B o

cwes | [

‘ [[] Open Data Editor on completion



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

« Ifthere are some
outliers, they can
be removed by
“Outliers”

MATLAB E

4] Model Browser - C Prj\P-PTBS-Jum pStart\pths_vcbs_jum pstart\Model\customized\01.EV_VCU\02_Optimizaton\Model\EV\Data\PMSME fficiencyDataProj.m at - X
File Model View Outliers Window Help
@lhcd&nxm ? '@ EHEBEEDE
All Models % Response Model: la
PMSMEfficiencyDataProj
tf v ) Test 4m 208 = Select Test.. . . Common Tasks
£ Point-by-Point Model type: Gaussian Process Model (ARDSquaredExponential,Constant)
el /@ Altemative Local Models /a Edit Model .
Mate Observations | Parameters Box-Cox PRESS RMSE RMSE | Best Mociel [A Add Local Model...
/4 GPM-ARDSquaredExpo... 36 7.801 1 0.088 0083 ]
- af
Response Surface &® X Diagnostic Statistics L] Operating point
Plat: Line Iq - Test 208 Iq - Test 208 Yalue Std Error
- 200 2] 0.15 g
-axis |id @ Trg 366.929 2.308e-13
f. oal . o ] n 1720 o
180
-
= 0.05 . . . .
Name  Value Tolerance a . - i
El
Il 275510201 |Linked to X 7 — 160 3 o . 8 ! . 1 Local summary statistics
= é u . Observations 36
00 - .. . [ ] Parameters 7.801
140 01| . 1 H Box-Cox 1
ye 015 | | | PRESS RMSE 0.088
01
= -t 280 280 0 -20 200 -180 -160 -140 RMSE 0063
[ 5 il I Validation RMSE
280 260 240 20 200 180 -160  -40
Seloct Deta Pord.. WE X-axis tactor: Id [-] v Y-axis factor: Residuals [-] v
RMSE Plots
RMSE Plots - double-click a point tochange test. g
0.06 T T T T —
287 “?00}06 Pooled statistics
Wy 004 50 j57m52 7 o9 2 . Local RMSE 0.015
a2 W0 57 6947, 491 !
g o’ CIRNS ™ Walidation RMSE
= 64 470 e
g P PR " -
b a7 ] ‘i
_ o o S D S %9 214
o s 2%
o Test notes
0 50 100 150 200 250 ~
Test Number
v
X-axis factor: | Test Number v -aixis factor: RMSE e Test number color: l Set Color...
Ready
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Optimal calibration with experiment data
Look-up tables for flux-based motor controller

= Fit model
— Remove outliers

MATLAB BEXIPO

| 2 \ 4 Outlier Selection Criteria — X
Select using: Usze absolute value? OCperator:  Distribution; Value; [-3.13e-05,
1 4 Model Browser - C:\Pr)\P-PTBS-JumpStart\pths_vdbs_jumpstart _ r
Residuals [-] v Yes v = ~  None v 0.094-%
File Model View Outhers Window Help
m J J u a App'y to All Responses Select using custom MATLAE file:
‘ Clear Outliers |
All Models
@ PMSMEmciencyOataPi Remove Outhers  Diagnostic Statistics &3 X OK Cancel Help
= £ Point-by-Poirt Restore Removed D mb 1 r Iq- Test 208 r ‘ s
™ .
4 Copy Outliers From ’. | ® &
Selection Critenia... = oos| o _ ne_g - " . 1 i .
2
aon S A : Selected outliersin
& 05| . - . = . the small circles
A1 F - @ ]
015 : .
-280 20 20 20 200 180 160 140
WKH
X-audis factor: id ] v -auis tactor: Residuals [-] v
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Optimal calibration with experiment data
Look-up tables for flux-based motor controller

= Fit model

MATLAB BEXIPPO

RMSE Piots
— Remove outliers ous ' _ sl : -
w[ Beforeremoving R P . o |
" ] J% gord A o
A— s ‘42 J”‘I Ju ‘91 5
4 Model Browser - C:\P\P-PTBS-JumpStart\pths_vdbs jumpstar  OU tliers g2 el o
. STy ‘Ma -
File Model View Outliers Window Help & & R R i N “",'5‘4!4@ a
@ D @  ApplytoAllResponses i T e - =
: - Clear Outliers X3 tactor: Test Number v ¥-ands foctor: RMSE
 All Models
=7 Poirt-by-Poirt Restore Removed Data... Ctrl+Z °
ey Copy Outliers From... !
Selection Critena... : RMSE Plots - double-click & point 10 changn test.
I . 1 || J" ;m
Remove sl After removing . v 3‘ ]
. 44 ’ J"’ JGOJu ‘” g J
e outliers e %‘"“ “:W ]
! 71
001 — _ -."_.'“;. - ‘;’ # J ;r &2 ‘ d"‘ JgJ“ 2 2}
o() - 50 i i 0 100 L‘ 150 200 0
Test Number
X-axis tactor: Test Number v V.ads tactor: RMSE
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Optimal calibration with experiment data
Look-up tables for flux-based motor controller

= Create functions

Simulink Lookup Tables

8 MBC Model Optimization

~Use models to generate calibration

Generate optimal look-up tables for model-based calibration.
Create an optimization for a model and use results to fill lookup tables

Optimization

Feature Filling

sokup Tables and Tradec

Import Models to CAGE

MATLAB EXIPO

These models will be imported to CAGE when you click OK.
If a model is replaceable in CAGE you can select Replace or Create new in the Action column.

~Export

' Original Name
4

Double-click CAGE Model Name cells to edit names.

| CAGE Model Name

|Craate new ) h

Lookup Tables

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

Create functions
— Current magnitude, Is
— |s £ 300 A, the constraint

A CAGE Browser - Untitled

File Edit VWiew Model Teools Window Help

@ OcdxX|[WE% " |R& & 7|6

Processes Models | New Function Maodel|
< || Hame l | Twoe [Inouts

‘4 Function Model Wizard — O >

Enter formula for function model (e.g. ratio = xfv):
I = sqrt(ld"2 + ig"2) |

}

‘4 Function Model Wizard — O *

Asgsign Cage items to use as the model inputs:

Model Input Assigned Ing Available Inputs

] ] X Trg

xn
45 g

€ >
| Cancel || < Back | MNext =
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Create functions
— TPA=Trq/ls

— TPA(Torque Per Ampere) is
the objective function to be
maximized by optimization

E Function Model Wizard

Enter formula for function model (e.g. ratio = xiy):

TPA =Trg /s

Models

Name Type Inputs Lower Output Limt Upper Output Limé Description

% I Point-by-point ... Id, Trg, n nt It Created by tchoi on 30-Mar-2022.
s Function model | Id, Ig Jnt Inf| sqri(id*2 + Ig*2)
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= Create LUT from model

& Create Lookup Tables from Mocdel

Model
|Sedact & model to base the néw I0dkup tables on.

Model Type Variable Inputs
!‘I ” i, Trg, i
i ea Funiction model id, Trg, n
Create LUT with
Ig point-by-point
model
[[] Create operating point data set
Cancel « Back

MNeod »

Set LUT format Select LUT
such as table outputs
#  Create Lookup Tables frolFQ&MS, COIU mns O =
Lookup Table Ir puts
Sedect the lookup/dable inputs and set up the normalizers to use for all the new ook takdes
& Create Lookup Table! from Model — O
Lookup Tables _
[ Use model cperating poinis [Sedect the tems to crealy lodloup tables for. Select the lookup table fill process
Rows (Y)input:  Trg W Columns () input: n
Mormalizer: =ew= W Mormalizer: =Mew= MNormalizers: Tro_norm_2 n_norm_2
Table rows: nEe Ll Table cohumns: 293 tem Lookup Table Name | Table Bounds
Tr nermakzer n normalizer M x % 14_Table [-293878,0]
Input Table Output Input Table Outpu E4eg ia 1 19 Tatie [ -nt, Inf ]
1 0 A 1720,

15.376 1) 2103.333|

2752 2| 2486 667

44127 3| 2870/

58,503 4 3253.333

72879 5 3636 BET

87.255 6l ] 4020]

101 631 7| 4403 333 Lockup table il process
11R NN Rl ATRR RRT @ Optimization/Tradeoff
Cancel = Back Next = Fi O
_ - () None
T
Finizh Cancsl « Back Maxt »
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=  Optimization
— Objective function: TPA, maximized

[ 4] Create Optimization from Model - O x |4 Create Optimization from Model - O >
Model Optimization
Select a model to minimize or maximize. Choosze optimization type and select free variables to optimize TPA,
Model Type Variable Inputs Algorithm: fmincon s
ﬁ'“ ‘Paiﬂ—?v—point mo... ‘ Id, Trg, n Obijective type: Maximize i~ | Point v
Function model Id, Tre, n Data source: Model operating points
Free variables: ariable
1 selected Mx e
Jx Trg
COxn
[ create operating point data set [] Add & model boundary constraint
Cancel < Back hext = Finish Cancel < Back Mext = Finish
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=  Optimization

— Add Constraints & Run 4 Edit Constraint -
conste: s R ey i e T X
Common Tasks
Constraint bound.
‘ i Add Constraint... @ Constart: | 30013
o CAGE item:
Set Up |Shc|w models ~

d L i Ot
Model Type
@1 Run. = Constrairt type: i iuint?i-rppf_lini ...
& UTGLGTNTTETEY
: [t~ FLIFEE ) reel=
I. View Results
4

Evaluate gquantity:  Evaluation value v Ewvaluate guantity ‘Evaluatinn value :|

[ Help
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. 4 Lookup Table Filling from Optimization Results Wizard - O *
= Fill and export LUT Ot Resut sl
Cheosge the oplimization results that you want to fill each leokup table with.
Common Tasks
Lookup tables values to be filled:
[|j-1__n Fill Lﬂﬂkup Tables CAGE Lookup Table Fill with Tradeoff %
h lg_Table(Trg_norm,n_no... ] EE kq_Tradeoff |I| X Trg
a8 | Tradeoff X
- %o
X Create Sum Optimization L
Mormalizer inputs: i Tra
Normalizer Input
L{: n_norm xXn El
E Lookup Table Filling from Optimization Results Wizard — O x> | Cancel | | < Back | [ Next> | | Finish |
Lookup Table Selection

Select the CAGE lookup tables that wvou wish to fill from the optimization results

4 Lookup Table Filling from Optimizatic

Fill Algorithm
Available CAGE lookup tables: CAGE lookup tables to be filled:

Set up lockup table filing algorithm.
Table | m Table
|I| lg_Table(Trg_norm,n_norm}

Fill Method: | Clip Fill {column-based) A
Use acce| Extrapolate Fill

Update tr{ Direct Fil
= Back | Mext = | | Finizh | Fitter rules fo
Tabile Clip Fill (row-based)

& g_Tapje [ Custom |
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= Fill and export LUT
— Examine LUT

& CAGE Browser - C/\Pr\P-PTB vdbs | VEU\02.¢ Y - o x & CAGE Browser - C\Py\P-PTB v, [ V02 Datags. - o x
File Edt View Table Tools Window Help File Edt View Table Tools Window Help
B LOd X WeadF + ¢ jjEerw/aanemyg B Ldd X WeadFd > ? el Fu(B e ez E

T n | )| 1884286 | 208571 | 2212657 | 2077143 | 2541429 | 2705714 | 2670 | 3034286 | 3198571 | 362057 Processes g 0 |

3527143 | 3691429 | 355714 |
.

Common Tasks
llE |Fin

Featrn Filog

Featrs Fillng sz
AN - 72879
A 2%
Tradeofis 101631

Ay S

Ot

o
AL LA

Tradestts

o

Opsmizaten

Varate
Ostionary

21020
116.0083 Whsannd
Trg_nomn(Trg)
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= Fill and export LUT

E CAGE Browser - C\Pr\P-PTBS-Jum pStart pths_vdbs_jum pstart,Model'cu
File Edit View Table Tools Window Help
Home q k) | T
MNew Project Ctrl+N
Open Project... Ctrl+0
Save Project Ctrl+S
Save As Project

MNew b

Trg N 1720 1

Import from Project

Import

>
Export {

v Sort ltems

Preferences

Vanable Dictionary

1 C:\...Data\gs_example.cag Data >

2 C:\...a\gs_example_iq.cag

3 C\...a\gs_example_id.cag .
1
4 C\...alpr)\CagePrj_4.cag

Close Ctrl+W
| R

100

ble
=

4 Export Calibration Data — X
Calibration tems in the CAGE project gs_example:
ftem Type
1 1_Table 2D lookup table
EFQ lgy_Takle ' 2D lookup table
M/ Trgq_norm | Normalizer
[/ n_norm MNormalizer
Select all by type:

[ 2D lookup tables

| D lookup tables
@ Mormalizers
values
Exportto:  Simple MATLAE file fv
OK Cancel
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MAT

Conclusions

= Has shown how to apply “Global Optimization Toolbox™ to parameter
estimation for physical modeling

— Theoptimization 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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