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INYS'AE Introduction

e Optimization

A process of finding a better or more suitable design instance among the possible design variations

e Optimetrics is an add-on module which provides numerous analysis tools

Parametric

Optimization

Sensitivity

Statistical

Tuning

Analytic Derivatives

Enables ANSYS DesignXplorer Link

* Allows centralized control of design iterations from one common interface

* Optimetrics allows the user to:

Automate parametric sweeps

Perform real time parameter tuning using Analytic Derivatives

Identify performance specifications to optimize

Perform sensitivity and statistical analysis on optimized model

Link to DesignXplorer for

— Optimization via a Surface Response using Design of Experiments (DOE)
— Six Sigma Analysis
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YAl Using Optimetrics

* Process

* Where can it be used?

Create parameterized model
Define design parameters to vary

Project Manager

Model geometry, material properties, etc.
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£ 43P Analysis
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— Parametric R Optimetrics
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— Optimization - Port Field T
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— Statistical -1 Definitions s
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EHE Optimetrics_Patch_Training
E-# HFSSDesignl (DrivenModal)

Paste Ctrl+V

Add
Analyze
Tuning...

View Analysis Result...

Import Large Scale D50 Solutien...

Parametric...

Parametric Fro

Optimization...

2= Sensitivity...

Statistical...

DesignXplorer

m File...

Setup...

User may apply parameterization at all modeling stages

Once model is parameterized, optimization can be performed toward an extensive array of cost functions

Geometry (size, shape, orientation, quantity, etc.)
Materials (lossless, complex, anisotropic, etc.)

Boundaries (impedance/conductance boundaries, linked boundary scan angles, symmetry or mode cases, etc.)

Solution setup

Post Processing Quantities (Port magnitude/phase, De-embedding, etc.)

Circuit parameters (S, Z, or Y-parameters)

Antenna patterns (Directivity, gain, axial ratio, etc.)
Emissions

Derived field quantities (radiated power, etc.)
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INYN'AE Parametric Analysis

* Optimetics Setup: Parametric Analysis
* Create nominal design with variables assigned to model aspects to change
* Define one or more variable sweep definitions
— Each specifies series of variable values within a range
®* Optimetrics solves the design for each variation
— Compare results to determine how each variation affects performance
* Number of variations limited only by computing resources
®* Parametric analyses often used as precursors to optimization because they help determine reasonable range of variable values

.,

Setup Sweep Analysis @

Sweep Definitions | Table ] General ] Caleulations | Optionsg |

S_l,lncﬂ| Wariable | Dezcription | Add. |

feed_poz | Linear Step fram Smam ta 1 2mm, step=Trmm

.
[ e |

Operation Description

HPC and Analysis Options... |

0K | Cancel
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IVl Optimization Analysis

e Optimetics Setup: Optimization Analysis
* |dentify cost function and optimization goal
* Cost function can be based on any solution quantity that HFSS or Designer can calculate
— Field values, S-parameters, and Eigenmode data
* Optimetrics changes design parameter values to meet goal

Properties: Optimetrics_Patch_Training - HF55Designl @

Local Variables |

™ Value * ODptimization " Tuning " Sensitivity (" Statistics

Mame | Include | MNaominal Value Min | Unit | Max | Unit |
feed_pos [+  |11mm 10 mm 12 mm
patch_length [ |41.6mm 208 mm g24 mm
Setup Optimization @
Goals | ariables ] General ] Options |

|7 Show H Optimizer: |Partem Search(Search-basad) j

Mz No. of terations: | 1000
OK | Cancs Cost Function:

Solution | Calculation Calc. Range | Condition | Goal | Weight
Setup : Sweepl dB(S({P1.P1)) Freq(1.8GHz) <= [-20] [1]

Add.. Add Aray |

Setup Calculations...| |
Acceptable Cost: |0 Moise: |0.0001 [~ Show Advanced Option

HPFC and Analysis Options. .. |

QK | Cancel

5 © 2015 ANSYS, Inc. May 6, 2015 Release 2015.0




INYS'AE Optimization Analysis Parameters

» Several analysis parameters must be specified

Cost function

— Optimetrics minimizes the cost function. Define this so that minimum location is also optimum location. For example, if you
desire to maximize transmission from port 1 to port 2 (521=>1), define cost function to be -mag(S(Port2,Port1)).

Acceptable Cost

— Value of cost function at which optimization stops (may be negative).

Goal Weight

— If cost function with multiple goals, you may assign different weight to each goal. The goal with greater weight is given more
importance during cost calculation.

Step Size

— In order to make the search reasonable, the algorithm limits the minimum and maximum step limits for individual optimization
variables.

Cost Function Noise

— Numerical calculation of EM fields introduces various sources of noise to cost function due to changes in finite element mesh.
The noise indicates whether change is significant enough to support achievement of cost function.
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INYSN'AE Available Optimizers

=

e LIS
Sequertial
. Guasi Newton(Gradient)
QuaS| Newton Pattem Search(Search-based)
Genetic Algorthm(Randam search)
* Uses gradient approximation of cost function in search for minimum location | MATLABE

*  “Downhill” search iterative method using second order derivatives to accelerate convergence
® Only accurate enough if there is little noise involved in cost function
* Use when SNLP optimizer has difficulty and noise is insignificant

Sequential Non-Linear Programming (SNLP)

® Uses principle similar to Quasi Newton optimizer

* Assumes that optimization variables are continuous

* Handles numerical noise slightly better than Quasi Newton optimizer
*  Will utilize Analytic Derivatives during optimization, if enabled

Sequential Mixed Integer Non-Linear Programming

¢ Identical to SNLP except that it is able to deal with discrete integer variables as well as continuous variables

Pattern Search
* Performs grid-based simplex iterative search using either triangular or tetrahedral simplexes
* Preferred when numerical noise is significant

Genetic Algorithm

* Iterative process which progresses through a number of generations with chromosomes representing combinations of parameter
values (possible solutions)

* Robust optimization scheme for large solution spaces

MATLAB
* Integration with MATLAB for optimization
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IVl Sensitivity Analysis

* Sensitivity Analysis
* Used to determine design sensitivity to small variations in specific parameters around specific design point
®* Cantolerance a design to ensure design goals are met

— For example, determine maximum acceptable deviation for substrate permittivity of microstrip line to ensure impedance is well-
matched

* Preferred over parametric analysis for this purpose

— Careful choice of parameter variations required to determine sensitivity and de-embed this from numerical mesh noise and large
scale variations in parameter values

* Optimetrics varies the parameters about design point and automatically fits second order polynomial to requested output

Properties: Optimetrics_Patch_Training - HFS5Designl @
Local Variables |
" Value (" Optimization ™ Tuning (¥ Sensitivity (" Statistics
Mame | Include | MNominal Value Mir | Lnit | Ma | Lnit | Initial Disp. | Lnit |
feed_pos [+  |10.55mm 5.275 mm 15.825 mm 1.055 mm
patch_length [v 41 6mm 208 mm B2 4 mm 416 mm
[v¥ Show Hidden
Add.. Add Aray... |
lTl Cancel Apply
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IVl Statistical Analysis

» Statistical Analysis
* Used to predict yield of component when subject to random variations in parameter values
* Optimetrics includes uniform and Gaussian distribution functions
Uniform distribution: User specifies percentage tolerance from variable’s starting value for the analysis. Solves for values within

this tolerance range assuming uniform probability
Gaussian distribution: User specifies standard deviation of distribution and upper and lower limits. Solves for values between the

upper and lower limits assuming Gaussian probability

-

Properties: Optimetrics_Patch_Training - HF35Designl @
Local Varables |
" Value " Qptimization " Tuning " Sensitivity (¥ Statistics

MName | Include | Mominal Yalue Distribution Distribution Criteria |
feed_pos [v | 10.55mm Uniform Tolerance = 10%, Mean = 10.55mm, Cutoff Prob. = 0 |
patch_length [w 41.6mm |Iniform Tolerance = 105, Mean = 41 6mm, Cutoff Prob. = 0 |

[+ Show Hidden
Add... Add Amay ..
| QK | Cancel Apphy
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INYS'SE Analytic Derivatives

* Analytic Derivatives

Compute the derivatives of SYZ parameters with respect to project and design variables
Eliminates need to solve multiple variations with small differences and numerical noise
— More efficient and more accurate

Provides real-time tuning of reports to explore effects of small design changes
* Improves derivative-based optimization methods

Sensitivity Analysis of S-parameters Including Port Variations Using
the Transtinite Element Method

L. Vardapetyan, J. Manges, and Z. Cendes
Ansoft Corporation, Pittsburgh, Pennsylvania 15219, USA

2008 IEEE MTT-S Digest, pp. 527-530
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INYS'SE Analytic Derivatives — Example: Coax-Fed Patch

* Example: Analytical Derivatives
* Coax-Fed Patch antenna is a typical antenna with potential for many variables
* Design variables:
— feed_pos and patch_length
* Solve for the derivatives of many variables at once

Properties * X Driven Solution Setup ==
Mame I Value | LInit I Evaluated lII|I|IE|IJE!| T‘_p"pE | GEﬂE{E' | I:Iptigns I Advanced I E:pressjgn Cache Dervatives | Defaults I
feed_pos 10.35 mm 10.55mm Design Produce Dervatives for these varables
patch_length 416 mm 41.6mm Design
Mame I =g
feed_pos |7
patch_length v
Varables I QK I Cancel

Nominal Values for Design Variables Specify Desired Derivatives in Solution Setup
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INYS'SE Analytic Derivatives — Example: Coax-Fed Patch

Results: Analytical Derivatives

Real-time tuning shows effects of small changes on S-parameters

£y Report: Optimetrics_Patch_Training - HF55Designl - XY Plot 3 - dB(S(P1,P1))

S Trace | Families ] Families Displa}r]
Solution: .
Setupl : Sw 1
| Pl Sweep j Primary Sweep: |Freq ﬂ |A|| J
Domain: Wi
oman |SAEED j I [v Default |F|'eq J
Derivative: |AII j Ran
. range
v:  |dB(TuneS(P1,P1,AIN) e
Category: Quantity: =7 Function:
g Variables TuneS(P1,P1,Al) <none: P
Cutput Variables ang_deg .
anarad Quickly Explore Effects of Small Changes on S-parameters
Tune ' Parameter arg =
Tune Z Parameter cang_deg
Tune Gamma cang_rad XY Plot 3 HFSSDesign1 4
Tune Port Zo d h 0.00
Design dB 10normalize ol
Update Report ggclﬂnormallze
_ £ m b Curve Info
[V Real time ] ~ - dB(S(P1,P1])
-5.00 - LS Setup1 : Sweep1
] 1 feed_pos=10 55mm"
Output Variables... | Ogtions...| Mew Report | Apply Trace | Add Trace | Close “ gmdsgvgﬁcpmpmnn
feed_pos=10 55mm’
1000 | Report Tuning £
4 Offsets 3
x] xl Apply offsets to 1]
feed_pos patch_length nominal design 3
] 10.55mm 41.6mm .
—-15.00 o 13
] 1 - o '
- - - - [
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J Close (-
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INYS'SE Analytic Derivatives — Example: Coax-Fed Patch

* Results: Analytical Derivatives

Quickly Explore Relative Sensitivities of Various Variables

EY Report: Optimetrics_Patch_Training - HFSSDesignl - New Report - New Trace(s)

Update Report

¥ Real time

Qutput Variables. .. | Ogﬁons...|

Bl Trace | Families ] Families Display]
Solution: Setupl : Sweepl
SpL: sweep s Primary Sweep: |Freq j |-"-\|| J
Domain: Sw
WEEp = e ¥ Default |F|'eq J
Derivative: |feedjos j Ran
- i nange
' |mag[part|aIS(Pl,Pl,feedJ:os)) Function...
Category: Quantity: ~ Function:
g Variables Tune5(P1,P1,feed_pos) <none
Output Ve partaseiot oo Y ek
e W | rad
Tune Y Parameter par .a 20 - LTeed_pos arg
Turie Z Parameter partialPhase5(P1,P1,feed_pos) cang_deg
Tune Gamma cang_rad
Tune Port Zo dB
Design

dB 10normalize
dB20normalize
dBc
im

30
normalize
re

Mew Report | | |

Close
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Can plot all partial derivatives (relative) at once for quick sensitivity comparison

Notice that the patch Return Loss is much more
dependent upon ‘Patch_length’ than ‘feed_pos’

Partial Derivative HFSSDesign1

050 —

Curve Info
— mag(partial S{P1,P1,feed_pos)) L “
Setup1 : Sweep1 ¥ Pl
feed_pos="10.55mm’ ¥
mag(partial $(P1,P1,patch_length)) ,' [}
Setup1 : Sweep1 1
feed_pos="10.55mm’

Freq [GHz]
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IVY'E ANSYS DesignXplorer and HFSS Integration

* Powerful Surface Response based DOE tool suite
* Quantifies influence of uncertainty variables on performance

* Variety of sampling, modeling and optimization routines

* Sampling: central composite design and optimal space filling
* Modeling: full second-order polynomial, Kriging, non-parametric regression, and neural network
* Optimization: screening, multi-objective genetic algorithm, and nonlinear sequential quadratic programming

* Create and execute DOE simulations for HFSS from DesignXplorer

* Entire solution space of HFSS design can be investigated using built-in or custom DOE algorithms

Project Schematic

512 DB

- A

1
2 & Geometry

3 Setup v

4 fF solution 7
> 5 f)p_«‘ Parameters

HFS5Designl

S12_py

L'

(pd Parameter Set

- B
1
2 |=E Design of Experiments
3 Iﬂ] Response Surface

4 (@) Optimization 7

oef] |

A
A
rl

Goal Driven Optimization
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WSl Summary

15

Optimetrics

Add-on option integrated into interface of all ANSYS 3D tools

Includes variety of powerful analysis capabilities

— Parametric sweeps: defined variables automatically changed and corresponding analysis performed

— Optimization: properties optimized based on performance goal and defined design variables

— Sensitivity analysis: yields design sensitivity for range of values about design point

— Statistical analysis: determines effects of statistical variations of design variables on output

Integration of ANSYS HFSS and ANSYS DesignXplorer offers new valuable insights into behavior of EM designs
— Entire solution space of HFSS design can be investigated using built-in or custom DOE algorithms

— Provides powerful 3D and 2D visualization of solution space to evaluate performance trends

Distributed Solve Option can be used to further increase simulation throughput
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