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Abstract

The ability to predict human postures when simulating interactions with different workspaces and objects
is valuable for effective proactive ergonomic evaluation. Using previously collected human motions to
predict postures appears to be one effective method; however, when modeling more unique postures,
optimization approaches may be useful. Optimization-based predictive modeling is rooted in optimal
control theory principles, which are built on the assumption that humans adopt movement strategies that

minimize or maximize some underlying performance criteria (e.g., minimize joint torques).

Santos Pro™ is an optimization-based digital human model that uses multiple objective functions to
predict postures. However, it is unclear which objective functions and associated weightings are ideal for

predicting probable human postures.

The purpose of this research was to develop a response surface methodology approach to optimize
objective function weighting to predict realistic floor-to-shoulder lifts. Three minimization objective
functions were evaluated to demonstrate this quantitative method: (1) discomfort, (2) total joint torque,

and (3) maximum joint torque.

Ten participants completed box lifting from floor to shoulder while their motion was tracked using
motion capture. Postures for the initiation (origin) and end (destination) of the lift were extracted and
mapped onto anthropometrically matched avatars. Separately, avatar lifting postures were also predicted
using the built-in multi-objective optimization. The avatar’s hands and feet were constrained to match a
human participant’s hand and foot location. The remaining degrees of freedom on the avatar were
predicted using the various objective functions and their associated weightings. Three objective functions
were weighted systematically at 10% weighting increments to predict 1,331 postures from the various
weighting combinations. Joint angle errors were calculated between the motion capture data and each
predicted posture. The resultant error surface (error as a function of objective function weighting) was
then fit with a multivariate function and subsequently minimized to estimate the objective function

weighting combination that best predicted the true participant postures.
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Discomfort alone tended to best predict lift origin and destination postures. Thus, minimizing discomfort
may be an important objective for predicting un-fatigued lifting. The response surface methodology

provides a quantifiable method to estimate the best objective function weighting to predict task-focused

human behaviors.
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