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Outline 



■ LS-OPT is a stand alone optimization software 

   can be linked to any (simulation) code – 

■ Current production version is LS-OPT 5.2 

■ Windows and Linux versions available 

■ Interface to LS-DYNA, Excel, Matlab 

■ Interface to LS-PrePost, ANSA, 

Hypermorph, … 

 shape optimization 

■ Interface to META Post 

 result extraction 

■ Interface to LS-OPT 

 nested optimization 

■ User-defined interface 

■ Interface to Queuing Systems 

■ PBS, LSF, LoadLeveler, SLURM, AQS, User-defined, … 

 LS-OPT as process manager 

 

 

About LS-OPT 



■ LS-DYNA integration 

■ Importation of design parameters 

from LS-DYNA keyword files 

(*PARAMETER) 

■ Support of include files 

(*INCLUDE) 

■ Result extraction of most LS-DYNA  

response types 

■ Checking of LS-DYNA keyword files 

(*DATABASE_) 

■ Monitoring of LS-DYNA progress 

■ D3plot compression 

 

About LS-OPT 



■ (Sequential) Response Surface Method ((S)RSM) 

Metamodels 

■ Polynomials 

■ Radial Basis Functions (RBF) 

■ Feedforward Neural Networks (FFNN) 

■ Genetic Algorithm (MOGA->NSGA-II) 

 Multi-objective Optimization 

■ Direct 

■ Metamodel-based 

■ Monte Carlo Analysis 

 Robustness Analysis 

■ Direct 

■ Metamodel-based 

 

 

Methodologies 



■ Optimization 

■ Size-/Shape optimization 

■ Mixed continuous/discrete variables 

■ Specify sets of discrete variables  

(e.g. sheet thicknesses) 

■ Parameter/System Identification 

■ Multiple load cases 

■ Multi-disciplinary Optimization (MDO) 

■ Multi-objective optimization (Pareto Frontier) 

■ Multi-level optimization 

■ Reliability based design optimization 

■ Robust parameter design 

■ Methodologies 

■ Meta-model based approaches 

■ Genetic Algorithms  

(MOGA->NSGA-II) 

 

Applications of LS-OPT 



■ Optimization 

■ Parameter/System Identification Module: 

Calibration of test and simulation curves 

or scalar values 

 

Applications of LS-OPT 
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■ Sensitivity Analysis 

■ Design Exploration 

■ DOE Studies for Variable Screening  

(ANOVA, Sobol) 

■ Contribution of variables to system performance 

■ Identification of significant and insignificant   

variables 

■ Ranking of importance  

 

 

Applications of LS-OPT 



■ Stochastic/Probabilistic Analysis: Consideration of uncertainties 

■ Test of Model Robustness 

■ Statistics (mean, standard deviation) 

■ Correlation Analysis 

■ Reliability (Probability of Failure) 

■ Outlier Detection 

■ Fringe statistical results on FE model 

■ Methodology 

■ Monte Carlo Analysis  

■ Direct 

■ Metamodel-based 

 

Applications of LS-OPT 

permitted fraction failing fraction 

response 

PDF 

standard deviation of y-displacement 



■ Optimization incorporating uncertainties 

■ Robust Parameter Design (RDO) 

■ Improve/Maximize the  

robustness of the optimum 

■ Reliability Based Design Optimization (RBDO) 

■ Improve failure probability of optimum 

 

Applications of LS-OPT 



■ www.lsoptsupport.com  

■ Many examples, tutorials, FAQs, HowTos… 

■ Download LS-OPT 

 

LS-OPT Support webpage 



New features in LS-OPT 6.0 



■ New features for LS-OPT 6 

■ DIC-based parameter identification 

■ Interactive tables 

■ Efficient Global Optimization (EGO) 

■ Support Vector Classification 

■ Other new features 

■ Outlook 

Overview 



■ Uniaxial experiments do not  

necessarily predict non-uniform  

deformations 

■ Local phenomena such as  

coupon necking/barreling missed 

■ Instability is typical in inverse  

problems of this nature 

■ Spatially distributed (full field)  

data can provide more information 

than values at individual points 

■ See e.g. work by Mahnken and  

Stein, U. Hannover (1997-2001) 

 

DIC-based Parameter Identification 

Parameter values 

with confidence  

intervals 

Ferrite single crystal calibration 



■ Digital Image Correlation - Optical method for tracking changes in images 

DIC-based Parameter Identification 

Tensile testing 

equipment 
Measurement 

system 

gom/ARAMIS setup at DYNAmore GmbH 



■ Matching in time and space: Example (tensile) 

DIC-based Parameter Identification 

Full field test result 

(4557 pts) 

from optical scan is 

mapped and tracked 

DIC data: deformation 

states 

Local 

deformation 

𝑡 = 0 



■ Transform: Align test to FE model. Least Squares solution: 

 

 

 

■ 𝑿1: Test pts (subset), 𝑿2: FE model pts, 𝑻: transform, 𝑠 : Isotropic scaling  

■ Linear system (using SVD) if 𝑠  = constant 

■ Alternative: Pre-processor (e.g. LS-PrePost) to translate, rotate and scale test points 

■ Map: Test  FE mesh: Exact Nearest Neighbor search and element 

interpolation (107  107 pts) 

■ Optimization: Minimize MSE residual 

DIC-based Parameter Identification 

min
𝑻,𝑠 

𝑠 𝑿1𝑻 − 𝑿2  

min
𝒙

 (𝝋𝑗 𝒙 − 𝝋 𝑗
2

𝑛

𝑗=1

 



■ Interface to import DIC data 

DIC-based Parameter Identification 



■ Extraction from Simulation: Multipoint histories 

■ D3plot interface 

■ Crossplots, Expressions 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

DIC-based Parameter Identification 

3D Alignment points 

Node or element 

mapping 

LS-PrePost map 
Test point source 



■ Multihistory matching 

DIC-based Parameter Identification 



Interactive Tables 

Sorting Category Constraint Feasibility Overall Feasibility Filter 

Define Categories 



■ Interactive Constraint management 

 

 

 

 

 

■ Statistics of selected point 

Interactive Tables 



■ Virtual points 

Interactive Tables 

1    Generate in Viewer 

2     Select 

3     Evaluate &  

       Simulate 

Run simulations Virtual points 



■ Basic Idea 

■ Balances local and global search  

through compromise between good objective function 

value and high prediction uncertainty 

■ Needs Kriging metamodel for objective function 

■ Limited to small variable sets (e.g. 10) 

■ Useful for parameter identification 

Efficient Global Optimization (EGO) 

Maximize standard deviation 

(exploration) 

Minimize mean function value 

           (exploitation)              



■ Example and comparison to GA 

Efficient Global Optimization (EGO) 

LS-OPT EGO solution  

Based on metamodel 

Actual solution Optimization History of objective function 
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Kriging Metamodel 

Actual Function 

40 simulations total 

x2 

Algorithm Cost Objective 

GA 300 -718 

GA 600 -889 

EGO 40 -960 



■ Discontinuous and binary responses 

■ Map input data to category 

 

 

 

 

 

 

 

 

■ Adaptive multi-objective optimization 

■ classifier defines the boundary of the  

Pareto optimal designs  

■ Statistical Classification together with established features (e.g. multi-layer 

Feedforward Neural Networks is progression towards building a Statistical 

Learning tool based on the current Viewer 

 

Support Vector Classification 

Metamodeling 

Basic 

classification 

method 

Basudhar, A. (2015). Multi-objective Optimization 

Using Adaptive Explicit Non-Dominated Region 

Sampling. In 11th World Congress on Structural 

and Multidisciplinary Optimization. 



■ Example: Tube impact 

 

Support Vector Classification 

CRUSHING 

discontinuity 

GLOBAL 

BUCKLING 

CRUSHING 

BUCKLING 

Explicit  classifier 

boundary 

Design Space (length and thickness) 



■ Example: Wing Aeroelasticity 

■ Binary constraints 

■ Divergence instability  

■ Zero vs Non-zero Modal Frequency 

■ Flutter instability 

■ Positive vs Negative damping coefficient 

 

Support Vector Classification 

Basudhar, Anirban, et al. "Constrained 

efficient global optimization with 

support vector machines."  

Structural and Multidisciplinary 

Optimization 46.2 (2012): 201-221. 

stable 

unstable 

Decision Surface 

in Design Space 



■ Taguchi method 

■ Classical robust design approach using Orthogonal Arrays 

■ Export and import of stages 

■ Individually 

■ Full case-based process 

■ E.g. Frontal Crash including its  

pre- and post-processing could be  

imported/exported as a unit with a 

given name 

 

Other new Feature 



■ Full-Field Calibration (DIC) 

■ Pre-viewing, editing and Pre-processing tools 

■ Edit test data using filtering, truncation, reduction, etc.  

■ Includes editing of full-field data 

■ Curve similarity criteria 

■ Others in addition to MSE, PCM, DF, DTW 

■ Statistical Learning Tools 

■ Incorporation of metamodeling into Viewer so it becomes an independent Statistical 

Learning Tool 

■ Tools: Classification, Neural Networks, Principle Component Analysis  

(existing or under development)  

■ Job distribution 

■ Graphical Interface for Blackbox option 

Outlook 



More Information on the LSTC Product Suite 

■ Livermore Software Technology Corp. (LSTC) 

www.lstc.com 

■ LS-DYNA 

■ Support / Tutorials / Examples / FAQ 

www.dynasupport.com 

■ More Examples  

www.dynaexamples.com 

■ Conference Papers 

www.dynalook.com 

■ European Master Distributor 

www.dynamore.de 

■ LS-PrePost 

■ Support / Tutorials / Download 

www.lstc.com/lspp 

■ LS-OPT / LS-TaSC 

■ Support / Tutorials / Examples 

www.lsoptsupport.com 

[THUMS®    www.dynamore.de] 



Thank you for your attention! 

Your LS-DYNA distributor and more 


