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Sensory Weighting of Force and Position Feedback in Human Motor Control Tasks Jasper Schuurmans1*, Winfred Mugge1*, Alfred C. Schouten1,2, Frans C.T. van der Helm1,2 1



Department of Biomechanical Engineering, Delft University of Technology, 2628 CD Delft, The Netherlands, and 2Laboratory of Biomechanical Engineering, Institute for Biomedical Technology, University of Twente, 7500 AE Enschede, The Netherlands



In daily life humans integrate force and position feedback from mechanoreceptors, proprioception, and vision. With handling relatively soft, elastic objects, force and position are related and can be integrated to improve the accuracy of an estimate of either one. Sensory weighting between different sensory systems, like vision and proprioception or vision and haptic feedback, has been extensively studied (e.g. Körding and Wolpert, 2004, 2006; Peterka and Loughlin, 2004). This study investigated whether similar weighting can be found within the proprioceptive sensory system, more specifically between the modalities force and position (see also Mugge et al. 2009). We hypothesized that sensory weighting is governed by object stiffness: position feedback is weighted heavier on soft objects (large deflections), while force feedback is weighted heavier on stiff objects (small deflections). Figure 1 illustrates the experimental approach to assess weighting between force and position feedback. The subject was trained to blindly reproduce a force or position against a virtual linear spring (force task FT, position task PT), which was simulated by a haptic manipulator (Figure 2). The subjects (n=10) were instructed to operate a foot switch to indicate that he believed to have acquired the trained force or position (depending on task). In catch trials, the spring characteristic was covertly altered into a non-linear spring. The difference in force (F) and position (X) between the regular and the catch trials revealed the sensory weighting between force and position feedback. In one extreme, the subject could rely only on force feedback during a FT. He would deliver the same force against the altered spring, but would end up at a slightly different position (Fig. 1C). In the other extreme, he could rely on position feedback; the newly obtained force would then be different. If the subject would have weighted force and position feedback, the degree in which the resulting force is shifted toward either extreme corresponds to the relative weighting between force and position feedback. The same principle holds for position tasks. A maximum likelihood estimation (MLE) model was used to predict the outcomes of the experiment. With a spring, force and position are proportional and are complementary when spring stiffness is known. When a subject has learned the spring stiffness, force and position information can be weighted to obtain an optimal estimate of either force or position (depending on task). The model predicted that: (1) force feedback is weighted heavier with increasing object stiffness and (2) task instruction does not affect sensory weighting with a spring when stiffness is known. The differences in forces and positions between regular trials and catch trials are illustrated in Figure 3. Solid lines indicate the outcome of the experiment, dashed lines the maximum likelihood model predictions. Effects of task, trial type and spring stiffness were tested with ANOVA. There were no significant effects of task on sensory weighting, as was predicted by the MLE model. The experiment showed that increased spring stiffness leads to a weight shift towards force feedback, as was hypothesized and predicted with the MLE model. In conclusion, this study demonstrated sensory weighting within the proprioceptive sensory system which obeys maximum likelihood estimation theory.
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Figure 2. Experimental setup. The subject controlled a haptic manipulator that simulated a spring. Depending on task, either force or position was displayed together with the target. During blind trials and catch trials the visual feedback was disabled. The subject operated a foot switch to indicate he believed to have acquired the target.
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Figure 1. Subjects were trained to blindly reproduce either a target force (A) or a target position (B) against a linear spring. During catch trials the characteristic of the spring is covertly altered to determine how the subject weights force and position feedback during task execution (C, D).



Figure 3. Force and position difference between the catch and the blind trials for FT and PT. Left, Force difference in force task. Right, Position difference in position task. Experimental data in solid lines and model predictions in dashed lines. Error bars indicate one SD over the subjects.
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