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Numerical Reproducibility of Human Body Model Crash Simulations
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Abstract The numerical reproducibility of a Finite Element (FE) Human Body Model (HBM) was evaluated by
guantifying the variation in model predictions for diverse computer systems at different sites and settings.
Repeated simulations, with varying number of Central Processing Unit (CPU) cores and model decomposition, of
four high severity load cases — a full frontal, near-side frontal oblique and side impact with a full set of driver
restraints, as well as a full frontal with a seat belt only restraint — was carried out on five computer systems. HBM
responses were found to vary randomly with the Number of CPU cores (NCPU), but not due to different hardware
or message parsing interface software at each computer system used. Implemented HBM updates reduced the
variation in the near-side frontal oblique load case. When the NCPU used was fixed, identical results were
obtained from all computer systems. This means the variation of HBM responses is due to the model
decomposition. It is possible to quantify the numerical reproducibility of an FE HBM by repeated simulations,
varying the NCPU and analyzing the coefficient of variation of the responses.
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I. INTRODUCTION

Repeatability and reproducibility of physical Anthropomorphic Test Devices (ATDs) has been studied
extensively. Foster et al. [1], for instance, showed a repeatability Coefficient of Variation (CV) for repeated Hybrid
[l tests of approximately 5% and improved reproducibility in comparison with the Hybrid Il. The rear-end impact
response of the BioRID Il and RID2 ATDs has been scrutinized, and better repeatability and reproducibility of the
RID2 was found [2]. Furthermore, a repeatability and reproducibility study of the thorax response of the THOR
ATD compared to that of the Hybrid lll showed that there was a higher CV for THOR [3].

The rating organization Euro NCAP plans to introduce virtual testing, using Finite Element (FE) Human Body
Models (HBMs), in the rating protocol [4-5]. This means that assessing repeatability and reproducibility of HBM
simulations will also be necessary. Repeatability and reproducibility, are slightly different for FE HBMs, however,
compared to physical human surrogates, such as ATDs. Theoretically, neither repeatability nor reproducibility
should be of any concern for a numerical model, as long as the underlying partial differential equations can be
solved accurately. But this is most often not possible in real life applications, except for very simple numerical
models. Applied impact biomechanics models, such as FE HBMs used for vehicle safety simulations, must be
solved using numerical approximations. Thus, the results will be more or less dependent on the settings
controlling the approximations and the numerical precision of the computer system used. In addition, state-of-
the-art vehicle safety FE simulation models are so large that they cannot be efficiently solved on a single Central
Processing Unit (CPU). Instead, the FE simulation model is decomposed to several CPUs and solved using Message
Parsing Interface (MPI) technology for CPU-to-CPU communication. Numerical repeatability, defined here as the
running the same model (including all solver settings) on the same CPUs with the same MPI settings, is expected
to be perfect and to give the same results all the time. Numerical reproducibility, defined here as running the
same model on a different computer system using different MPI settings but with the same solver settings, could,
on the other hand, give a variation in results due to differences in the solution introduced by hardware or software
differences. The aim of this study is to quantify the variation in simulation results caused by solving with different
computer systems and decompositions, using a state-of-the-art FE HBM.
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