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Abstract 

Appropriate motorcycle design is essential to mitigate the discomfort and fatigue that a rider may 

experience. This can be achieved by combining computer-aided engineering and digital human modeling 

to investigate interactions between motorcycles and riders prior to developing physical prototypes. When 

predicting riding postures for novel designs, it is useful to use optimization-based predictive models. 

However, to effectively use optimization, it is important to know what objective function(s) and 

associated weightings are necessary to predict realistic riding behaviors.  

The purpose of this analysis was to identify the objective function weightings that best predict preferred 

riding postures.  

A scoping review was conducted to identify preferred riding postures based on experimental data. Santos 

Pro™ was used in manual manipulation mode to recreate a preferred (gold standard) riding posture. 

Posture prediction mode was then used to predict riding postures using various objective functions which 

can be applied and weighted in Santos Pro™. However, it is unclear which weightings would predict the 

closest posture to the gold standard. Therefore, a response surface methodology was used to compute 

joint angle errors between the gold standard and predicted postures. The predicted postures used 

combinations of three minimization objective functions: (1) discomfort, (2) joint displacement, and (3) 

maximum joint torque, at varying weights (0-100%). Both 50th and 95th percentile males and females 

were analyzed. Error results were fit with a multivariate model, which was minimized to estimate the 

objective function weights that resulted in the lowest error between the gold standard and predicted 

postures.  

When averaging the best objective function weighting results across all avatars, the estimated best 

objective function weighting combination was 100%, 24%, and 0% for discomfort, joint displacement, 

and maximum joint torque objective functions, respectively. These results indicate that the best way to 

model comfortable riding postures is to weight the minimize discomfort objective highly. The response 

surface method was able to provide an empirical means to identify the best objective function weights. By 
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determining the best weighting combinations needed to model rider postures, end-users can quickly 

evaluate the influence of a structural design change within a virtual environment. 

Keywords: motorcycle, posture prediction, CAD, objective function weighting 

  


	Abstract

