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Outline

1. Objective

2. Theoretical Basics
e Gaussian Process

* Visualization of the Adaptive Gaussian Process

3. Practical EM Example
» Waveguide Hybrid Junction

* Design Space of Reflection and Transmission
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Multidisciplinary Analysis and Optimization

Objective
Design Space Visualization
. Knowledge about the relationship:

Design Parameters — Product Characteristics
. Reliability, Safety and Quality Engineering

" Reduce development, manufacturing cost and
failure

. Increasing lifetime

" Reduce service after sale

Current Solutions

. Full Factorial Design (Parameter Sweep)

o] n design parameters with k tunable values

o] nk number of model calculations required

o] High computing effort

o] Infeasible for large model (one run takes some hours)
. Other Methods for Design of Experiment (DOE)

o] Less number of model calculations

o] Inaccurate
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Design Parameters (——

Product Characteristics

Characteristics
1 meta model: F = y(x)

[
»

Parameter x
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Gaussian Process

= Polynomial f(x) of pt" order for global adaptation

» Stochastic process Z(x) for local adaptation

Y ()= fo+byx +b,x’ +...+b X’

+ b, X, + by X) +.+ by %]

+ b X, + b, X+ + by xP
+ Z (X)

Correlation Function R(x) n
= Multivariate Gaussian distribution (normal distribution) R(Xl : Xj) — E \le (XI _ Xj )2
» Interpolation between calculated points k=1

» Interactions between individual parameters
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Visualization of the Adaptive Gaussian Process

Y = (X-5)?-15.¢ %19 ;5

284

175

Original Test Function

B.2h

Pham www.optiy.eu
Folie 5/15



Multidisciplinary Analysis and Optimization

Approximation Loops

Response Surface
Expected Improvement El

Start: 6 Sampling Points Loop 1 95% Confidence Interval

L L

Max. Uncertainty

T~

Max. Expected
Improvement

25 25

New Sampling Points

Max. Uncertainty Max. Expected

= Improvement
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Multidisciplinary Analysis and Optimization

. . Required number of model calculations depends on:
Approximation Loops « Number of design parameters

» Degree of response nonlinearity
« Correlation between design parameters

Loop 2 Loop 3: Automatic Stop

e 35

Max. Uncertainty

New Sampling Points

New Sampling Points

25 25

15 15

Max. Expected
Improvement
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Waveguide Hybrid Junction

S-Parameter Magnitude in dB

Design Space

Hole Length 16 — 24 mm
Hole Width 2.4 - 3.6 mm
Gap 13 -25mm
Disk High 1.8-4.2 mm
Disk Radius 1.9 - 3.1 mm

7 7.5 3 85 .
Product Characteristics:

Transmission and Reflection at the Frequency
operating point 8 GHz based on transient

simulation in CST Studio Suite
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Design Space Visualization: 2D Section Diagrams

Reflection 511

Transmission [531-541)*2

Hole Length e /_\
14 ] n2ea
Hole Width “
158
Gap
- - f/‘\v/_\/_/
Disk Radius o
258
Disk High o
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Design Space Visualization: 3D Graphics

Reflection

Hole Length

Reflection 511
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Transmission Difference

Hole Length
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Global Nonlinear and Quantitative Sensitivity Analysis

Design Parameter Importance

Design Parameter Interactions

Reflection 511

Reflection 511

115

[l Totsl Effect
[ M=in Effect

H ngth 2864 Hole Length*Gap 7174
SB4 Haole qgth*Dizk Hig GBS
Gao BT Haole Length*Hole Width 0657
084 Haole Length*Dizk Ra 77
Hole Width 102 Gap*Dick High 054
033 Hale Width*Gap 053
Dizk H P Gap*Dick Radius 034
Disk Hig 0.73
0.02 Hole Width*Dick Rad i
- - Hale Width*Disk High o0
Disk Radius 047 =
0L0E W Totsl Effect Disk Radius*Disk High IAES
o B Ms=in Effect
Transmission [531-541)*2 Transmission [531-541)~2
H mgth 7196 Haole Length*Gap
L2 58 Hale Length*Disk Hig
Gap 372 Gap*Dizk High
18354 Hole Width*Gap
DiskHigh 1258 Hale Length®Haole Wisth
166 Hale Width*Dick Hig
Hole Width 2,01 Haole LengthDisk R
178 Gap*Dizk Radius
DiskRadiuzs 146 - UERRE
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Probabilistic Simulation (Yield Analysis)

Design Optimization

Design goal: minimize the
reflection S11 to get the optimal
design point in the design space
(Table: optimal design parameters
with manufacturing tolerances)

Design Robustness
Tolerances of design parameters
cause variability of the reflection
and transmission: quality and
reliability in series manufacturing

P

[--] Actual Parameters o || = ][ == ]

MName Values Local Tolerance ||
Hole Length 1975 0.2
Hole Width 24 0.2
Gap 19 0.2
Dizk Radius 247 0.2

Disk High 4.2 0.2

Dl | T T

Input Distributions

Output Distributions

Hole Length

Hole Width

Reflection 511

Gap Disk Radius

Transmission (531-541)*2
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» Taguchi Quality Loss Function:
L = Cost*(Variance + (Mean — Target Value)?)

Robust Design Optimization

Nominal Design

Transmission (531-541)~2

481

Varance

Qui2s
0258522
Q0051853

3825792005

299319

Bﬁuctual Parameters E'@
Mame Values Local Tolerance (L)«
Hole Length |19.75 0.2 F
Hole Width |24 02 F
Gap 19 02 C
Dick Radius 247 0.2 C
Disk High 4.2 0.2 C

bt

= Quality loss of Transmission S31,5S41

Target Value = 0 (e.g. S31 =541), Cost=1

Robust Design

Transmission [S31-541)42

-015
-8 33917 2-005
QLODS 10752

250858=-007

Soown 2es g =Fs]

Ehctual Parameters E'@
Mame Values Local Tolerance C
Hole Length  |18.6892372 0.2 H
Hole Width | 2.60716168 0.2 H
Gap 24 1586773 0.2 G
Disk Radius | 2.25980617 0.2 O
Disk High 205806809 0.2 1)

Minimizing the
quality loss
function for the
transmission

« Nominal Design
L=1.3E-3

* Robust Design
L=26E-7
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Code-Export of Surrogate Model for System Simulation

e  Automatic Code-Export in C, Modelica or Matlab [TTTTTTTTTTTomToomsoomooooooooooooooooe .
. Fast surrogate model for total system simulation (e.g. i i=®te Fiaeuris i deuble =)
Matlab/Simulink, Circuit-Simulator) : doub ﬂf;;_
. Development of controller or circuit in case of co- : double x2(21;
simulation with electromagnetic applications | ¥ = yr10.5264850%ponti, 1] ;
1 o = w3 EEZ0512T T *powi=,1]1;
I pl0] = 0.161295213;
I pll] = 0.925272124;
F1Buck_PWM/DC-DC Converter : =1[0] = i;
Eile Edit Wew Simulation Format Tools Help : wl[1l] = =;
DSE&@| ) @ et )b ol e <] BeBSr WEDS “‘im C i
: o = ?-133:QEEETQ*EW.':.::i.:.ni:e[:v:l.-:v:E.-p],:
: #E[0] = 0.01;
' wE[1l] = 0.0&;
: o = w-§hEd S5FFFCowvariance(xl,xE,pl;
: =2[0] = E.01;
! =2[1] = 0.0&;
E o = g EMETTOMEE2*Flowvariance(xl, xE,pl;
E :.E:E[III] = 1l0.01;
: =2[1] = 2.0&;
! w = wr-104Z _ 20105*Cowariance(xl,x&,pl;
! return W)
! ¥
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Conclusion

Meta-Modeling is a process to win the mathematical relationship between
design parameters and product characteristics based on the adaptive
response surface methodology.

The number of required model calculations is less. Therefore, it is applicable
for large product models with running time of hours.

The meta-model can be used for improvement of the design under real
conditions related to quality and reliability. It can be also exported to surrogate
model in the case of system simulation

We apply on the waveguide hybrid junction in CST Studio Suite. The robust
design process has been demonstrated
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