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DesignXplorer
Tip & Tricks Session
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What is DesignXplorer?

• DesignXplorer, also called DX, is a powerful approach to explore, understand and optimize 
your engineering challenges

− Determine the key parameters influencing the design

− Explore and understand the performance at other design or operating conditions

− Find the conditions which give the best performance

− Explore the robustness of the design 

Single Point What If?
Response 
Surface

?

?
?
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DesignXplorer Features

Optimized and Robust Design

What if Study
Manual Search

Sensitivity / Correlation Analysis
Find the relevant parameters

Design of Experiments
Run a smart set of Design Points

Response Surface
Build a Mathematical model

Optimization
With or without a Response Surface

Robust Design
Six Sigma Analysis
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Free ACT Extensions on the Customer Portal (For DesignXplorer)

DOE from 
Correlation  v1

Response surface 
reader

Direct Optimization 
from RSO v1

Full Factorial DOE v1

https://support.ansys.com/AnsysCustomerPortal/en_us/Downloads/ANSYS+ACT+Application+Store

Many more …
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Parameters Correlation
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• In a DOE study, the amount of design points increases quickly as the number of 
input parameters increases, which can reduce the efficiency of the analysis process.

• It is recommended to exclude unimportant input parameters from the DOE 
sampling in order to reduce unnecessary sampling points. 

Parameters Correlation
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• The parameter correlation 
tool allows us to identify 
important parameters

• Sampling in based on Latin 
Hypercube Sampling

• Correlation Type :Spearman 
or Pearson

• Filtering method 

Parameters Correlation
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DOE from Correlation ACT
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Design of Experiments
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The purpose of a Design Of Experiments is to gather a representative set of data to compute a Response 
Surface, and then run an Optimization (for a Response Surface Optimization)

Basically, a set of Design Points will be calculated

The Response Surface accuracy will greatly depend on the DOE scheme, and especially the number of 
Design Points that were calculated

DesignXplorer proposes several DOE schemes. Design Points are automatically chosen to explore the 
parametric space efficiently:

• Central Composite Design (CCD)  [default]

• Box Behnken Design

• Optimal Space Filling Design

• Custom + Sampling

• Sparse Grid Initialization

• Latin Hypercube Sampling Design

DOE Purpose and Schemes
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• Central Composite designs are five-level fractional factorial designs that are suitable 
for calibrating the quadratic response model

• A CCD consists of:
– 1 center point

– 2*N axis points located at the –a and +a positions on each axis of the selected input parameter

– 2^(N-f) factorial points located at the -1 and +1 positions along the diagonals of the input parameter space 
[factorial number f discussed on next slide]

P1

min max

min

max

diagonals

axis
P2

Central Composite Design (CCD)
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• There are 5 types of CCDs available each 
with their own benefits and drawbacks 

1. Auto Defined (default): Automatically switches 
between the G-Optimal (if the number of input variables is 
5) or VIF-optimal otherwise

2. Face Centered: 3 levels, not rotatable. Benefit is that it 
gets sampling points at all extremes.

3. Rotatable: 5 levels and rotatable. Drawback: does not 
get sampling points at all extremes. Advantage: variance 
prediction is the same for any two locations that are the 
same distance from the design center

4. VIF (Variance Inflation Factor) Optimality: 
Maximizes orthogonality

5. G-Optimality: Minimizes leverage

4.5

5

5.5

100 110 120

Face Centered

Rotatable

VIF Optimality

G-Optimality

 Face Centered (extended)

• For 2 parameters, the standard CCD 
schemes are based on 9 points

• The “extended” face centered is made 
of 17 points (note: there is also a 17 
points Rotatable scheme)

Central Composite Design (CCD)
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Latin Hypercube Sampling

P2

P1

Other DOE’s

P2

P1

Optimal Space Filling Design
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Full Factorial DOE ACT
Number of 
Parameters
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Custom Design of Experiments

• To import a DOE generated with 3rd party tool

• To import external DOE or experimental data with output 
parameters values

• To reuse design points (CSV import, or copy from the 
Parameter Set)
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CSV Input File Requirements
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DOE with failed DPs: how to proceed?

Failed DPs can also be 
deleted using python script
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Import Parameters and DOE ACT 

The Import Parameters and DOE extension enables you to automatically create parameters 
and import their DOE values into an empty Workbench project. For example, if a DOE was 
solved in Workbench (or any other tool) and saved as a CSV file, you can load it into 
Workbench to generate a response surface and eventually run an optimization using a 
standalone DesignXplorer system.
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Easily Switch Between Solved Design Points

• Take advantage of “Retained Data”
− Quickly switch between retained design points

• “Set as Current” option

− Export retained design points
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Response Surface
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• Response Surface = Surrogate Model = Meta Model = Approximation Model

• Response Surfaces are functions of different nature where the output 
parameters are described in terms of the input parameters 

• Response Surfaces provide the approximated values of the output parameters, 
everywhere in the analyzed design space, without the need to perform a 
complete solution 

• The response surface methods described here are suitable for problems using 
up to ~10-15 input parameters

Response Surface
Definition
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• It runs an iterative genetic algorithm to find the best Response Surface type and 
settings for each output parameter. It selects the best ones and combines them to build 
an “aggregation” of several Response Surfaces. It results to the best RS quality and 
different settings for each output parameter

• Even if the algorithm runs on several CPUs, this method can still be long when dealing 
with high number of design points and/or parameters

• The goal is to meet the 3 main criteria to obtain the best Response Surface:

Genetic Aggregation
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Auto refinement adds design points until response surface accuracy meets user requirements

Genetic Aggregation
Automatic Refinement new from R17.1
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Genetic Aggregation
Automatic Refinement Convergence new from R17.1

• Refinement points are added automatically
– Algorithm to place new refinement points efficiently uses 

NLPQL optimization to find the location where predicted 
error is greatest

• X-axis shows number of refinement points

• Y-axis shows ratio between the max predicted 
error and the tolerance for each output

• Convergence occurs when all the outputs are 
within the convergence threshold
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Goodness of Fit Table
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• All Response Surfaces can be exported, except Neural Network and Sparse Grid

• DesignXplorer can export a DX-ROM response surface in the following file formats:
– Functional Mock-up Unit: *.fmu

• Broadest applicability; can be used by Simplorer, MATLAB, or any software with Functional Mock-up 
Interface (FMI) support. Recommended format for export to external software

– DesignXplorer Native Database: *.dxrom

• Can be imported into Excel or Workbench using custom DX-ROM tools provided by ANSYS on the ACT 
Application Store

Response Surface
Export
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• Response Surfaces that were exported as *.dxrom files can be imported in Excel

• *.fmu file, we can rename it to *.zip, unpack it and grab the dxrom file under the folder

Response Surface
Import in Excel using the ‘Response Surface Reader’ ACT extension 

Importing the Response Surface in Excel does not necessarily need an ANSYS license
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• Response Surfaces that were exported as *.fmu files can be imported in Simplorer
– In Simplorer, go to Simplorer Circuit > Sub-circuit > Add FMU Component

– Select the *.fmu file > Open > OK

– Click to place the MU system into the circuit. Then press Esc

– Then link the input/output pins to the other component

– To test this component, you can add some constant inputs and check the output values

Response Surface
Import in Simplorer
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RS Reader ACT
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Quadratic RS: how to extract the equations?
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Always check the response surface quality

• To estimate the approximation accuracy on DOE points

• To check if output variations are explained by the variation 
of inputs (with verification points)

• Using Goodness of Fit metrics and associated chart

• Using verification points:
− Automatically generated

− Random and/or candidates 

− Manually defined

− Not needed when GARS                                                                                     
(cross validation) is used

Manual refinement: select a 
point to be appended to the 
DOE as a refinement point
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Response Surface data to Parameters Correlation

The Parameter Correlation runs are done based on the Response Surface data 
and no real solve. Right click Response surface and export that data to 
Parameters Correlation
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Min-Max Search

• Prefer Manufacturable values to Discrete when possible
=> more efficient and accurate, less limitations in DX 
features

• Check results of the Min-Max Search to estimate feasibility 
of the design specification

• Create multiple Response Points and charts to store 
interesting results and compare them
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Optimization
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Optimization

• Screening and manual exploration with parallel chart can 
provide you good insights

• For a single objective, pick a screening candidate as the 
starting point for gradient based optimization (NLPQL, 
MISQP).

• Verify candidates automatically, or manually, to measure 
approximation error. If possible, also launch a direct 
optimization using the best candidate as a starting point.
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Parameter Relationships in Optimization

• Parameter relationships give you greater flexibility in defining optimization limits on input parameters than 
the standard single-parameter constraints such as Greater Than, Less Than, and Inside Bounds. When you 
define parameter relationships, you can specify expression-based relationships between multiple input 
parameters, with the values remaining physically bounded and reflecting the constraints on the optimization 
problem.



37 ©  2017 ANSYS, Inc. September 7, 2020

Direct Optimization from RSO ACT
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Miscellanous
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Working with Design Points

• R16.0: if geometry is complicated, check the geometry by updating several design points 
(just some extremes or the entire DOE) using “Partial Update = Geometry”

• Update failure? Before opening the editor to investigate, copy the project (save as or 
export DP) to avoid invalidating parametric results.

• RSM: use the mode “One Job for Each Design Point”, so that several design points can be 
updated simultaneously

− Look into HPC Parametric packs for licensing

• The file user_files/DesignPoint.log contains parameter values of all calculated DPs. It is a 
CSV file that you can import in a Custom DOE.
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Licences

• Reserve licenses to avoid losing them between Design Points updates (common cause of 
failure)

• Use the HPC Parametric Pack to cost effectively update multiple design points 
simultaneously
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Failing design Points?

• Update of Design Points from DX

• Use the “Retry” option, to reduce DP failures.

• Available in each DX component

• Some minor failures are just due to license server hiccups and a short pause is all that is 
needed before you can try again…
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DX Scripting

DX Scripting

• Workbench platform actions are journaled
− By default, available under  %TEMP%\WorkbenchJournals

• All DX operations and data are journaled and accessible via commands and queries.

• Power of IronPython (.Net)
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Questions & Answers


