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Overview 




The work in this area concerns haptic display for active people. The sensitivity of perceiving of haptic feedback is usually lower during physical exercise than in a situation when the user is staying still. For example, when running, the tactile receptors receive lot of stimulation all over the body. Impacts from the soles pass through body and cause strong haptic sensations. In addition to that, the limb movements cause kinesthetic sensations as well. This loads heavily the information processing of the sense of touch and therefore it is possible that the threshold for recognizing additional haptic feedback (e.g. from a heart rate monitor or mobile phone) is higher. Our hypothesis, based on preliminary observations, is that the perception of vibration feedback is affected by accelerations that accompany rapid movements during walking, jogging, etc.
The Setup



A test apparatus and protocol have been developed and preliminary equipment tests have begun (Figure 1). A modified human testing protocol has been submitted to the Stanford Internal Review Board and experiments will be conducted once it is approved (within a few weeks). 

In a first set of experiments, two kinds of vibrational haptic displays will be evaluated: The first is a small voice-coil motor attached to a compliant mechanism. It is adapted from the commercial Logitech “Feel-It” mouse, designed by Immersion Corp., San Jose CA. The device produces vibrations over a range between 10-200 Hz and stimulates a large receptive field of approximately 100 cm2. The second device is a small “C2 tactor” from EAI Inc., Winter Park, FL, consisting of a probe attached to a short-stroke linear motor. In comparison to the first display, it produces a more localized stimulus and has a working frequency range of 20-300 Hz. Both stimulators are attached using an adjustable Velcro strap.


A computer running a realtime operating system (Matlab xPC) has been set up to control the stimulators with various waveforms, using a digital/analog output card and linear current amplifiers. The computer may also monitor and control the speed of the treadmill during the experiments. Accelerations near the sites of stimulation will be monitored using commercial accelerometers and an analog/digital input card for the computer. In future experiments, the motions of markers on the subjects may be tracked with a high speed vision system.

In initial experiments, vibration waveforms, durations and frequencies will be determined empirically for each device and held constant. The amplitude will be varied and the subjects will be asked to press a button when they detect a stimulus. The tests will be conducted for standing, walking and jogging. Amplitudes and activity levels will be randomized to compensate for learning effects and fatigue.

The Procedure



 As described above, experiments are being conducted to determine how well people can perceive various types of haptic stimuli while they are walking and jogging on a treadmill.  Preliminary results with vibrotactile stimulation are consistent with our hypothesis that subjects are better at perceiving this type of feedback when they are stationary.  Figure A shows the fraction of stimuli that were detected while standing, walking and jogging by 8 normal subjects with a vibrotactile stimulator placed on their arm.  The stimuli were 250 Hz sine waves bursts with 1 second duration.  The control variable was the stimulus amplitude.  Eight amplitudes were presented three times each in random order with random spacing.  Figure A only show the lowest 5 levels as 100% were detected at the higher levels.  Particularly at the lower stimulation levels, subjects were not able to detect the stimuli as regularly while they were moving and jogging.  Figure B shows that the subjects’ response time is also longer when they are active, particularly at lower stimulus amplitudes.    

With the stimulator placed on the leg, similar trends were found but with less consistency.  We hypothesized that the reduction in the subjects’ ability to detect the vibrotactile stimulation was due primarily to the disturbance accelerations present while walking and jogging, which are greater on the leg than the arm.  Also, these accelerations depend on where in the gait cycle the stimulus is presented.  Because the timing of the stimulus relative to the gait cycle was not controlled in the experiment, we designed another experiment to investigate this issue.  Shorter stimuli were presented at four times in the gait cycle; early stance (just after heel-strike), late stance (just before toe-off), early swing (just after toe-off) and late swing (just before heel strike).  An accelerometer placed on the leg was used to detect markers indicative of the gait cycle phases.  


As can be seen in Figure C, the fraction of stimuli detected was lowest in late swing and early stance, which are both near the event of heel strike where disturbance accelerations are largest.  Figure D shows that the response time is longest when the stimulus is presented in early stance, just after heel strike.  While stimuli presented in late swing had a low detection rate as shown in Figure C, the response time corresponding to those stimuli that were detected was relatively short.  This indicates that the stimulus was likely detected before heel strike or not at all.  While these results are preliminary, they seem to indicate that bursts of vibrotactile information should not be presented near the event of heel strike if possible.  
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Figure 1: Mobile haptic display apparatus and experiment design
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