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BACKGROUND

An investigation into incorporating space suit aspects required a 50"-percentile male model which was not part of the existing
dataset of models. Previously, theoretical models for 5"-percentile female and 95"-percentile male were created utilizing a scaled
test subject as close as possible to the target height and weight. Scaling factors were created by taking the height ratio and applying
it uniformly to the model body segments, then fine tuning to ensure the theoretical model’s height is as expected. This study was
initiated to examine the existing method of isometrically scaling in OpenSim [1,2] and to create alternative methods which do not
rely on an existing subject being close in height and weight to the theoretical model of interest. Generating a theoretical
biomechanical model provides additional abilities without the reliance on available OpenSim models or real subjects. Gained
abilities include creating different percentile models and attaining representative anthropometry for any target height/weight, such
as targeting specific crew populations or gaps within the current dataset.

METHODS AND RESULTS

This study includes 3 methods for generating the theoretical model; utilizing the modified unscaled OpenSim Full Body Rajagopal
Model (FBRM) [3,4], a dataset of scaled OpenSim models, and existing scaling factors from Dumas et al. [5]. All methods use the
Anthropometric Survey of US Army Personnel (ANSUR II) [6] as an input of necessary anthropometric measurements. The
following measurements are retrieved from the ANSUR 11 collection: mass, stature, cervicale height, acromial height, axilla height,
waist height, trochanterion height, lateral femoral epicondyle height, lateral malleolus height, acromion-radiale length, radiale-
stylion length, palm length, ball of foot length, bicristal breadth, bimalleolar breadth. Some of the measurements are direct segment
lengths and others are utilized to derive segment lengths. Height, weight, and age ranges are the required inputs to parse the
collection for a mean value of the measurements. A simple iterative process may be necessary for the output of mean mass and
stature consistent with the theoretical model of interest. In some cases, one may specify exact values instead of a range but that is
dependent upon whether those exact values pertain to a single subject from the ANSUR 11 collection.

Equations from Dumas et al. were used to calculate scaling factors for the two methods that utilize OpenSim scaled and unscaled
models. In the third method, Dumas’ scaling factors were used directly instead of generating our own. After scaling factors are
achieved, they are applied along with the mass and segment lengths retrieved from ANSUR Il in order to calculate the segment
mass, Center of Mass (CoM), mass Moment of Inertia (Mol), and the joint location in the parent frame. The theoretical models
from the different methods were compared to the previous existing method of isometrically scaling in OpenSim, as well as the
standards found in NASA STD-3000 [7] and the NASA Human Integration Design Handbook [8]. The whole-body center of mass
is the main comparison performed between the models and the standards. The body segment mass properties were also compared
when possible. In some cases, the standards do not provide complete data, or the center of mass location is not provided with
respect to the appropriate joint coordinate system.

For a 50"-percentile male subject, results from isometric scaling in OpenSim and the method utilizing the unscaled FBRM were
compared to the standards in NASA STD-3000. According to the standard, the whole-body vertical CoM location was taken from
the head vertex to the CoM. The standards provide 80.2 cm for the CoM vertical component whereas isometric scaling in OpenSim
and utilizing the unscaled FBRM provide 82.2 and 82.3 cm, respectively. Through definition, the whole-body CoM in the
medial/lateral direction agreed across the models. Investigation is on-going to clearly identify the reference point pertaining to
dorsal/ventral whole-body CoM position in standards and relate that to the theoretical models.
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