Walking to a Target Using a Vibrotactile Sensory Substitution Device
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Introduction

Sensory substitution devices (SSDs) are a kind of applied technology directed to substitute one perceptual system for another one in order to achieve a functional equivalence. Several fields which have taken advantage of these devices are pilot navigation, speech comprehension, balance control and, of course, visually-impaired people.
Vibrotactile devices have been criticized as an effective way to substitute vision due to the limitations of touch in terms of spatial and temporal resolution (Spence, 2014.). However, other authors have shown a high accuracy while using those devices in specific activities as turning to a direction (Faugloire & Lejeune, 2014). 

In this talk, we present a vibrotactile device that is used in three different tasks related with pedestrian navigation.
Method 

In this experiment, 18 adult participants, either visually-impaired (N = 7) or sighted (N = 11), completed two tasks, and 13 of them completed a third one.

Our SSD consists of 72 coin motors attached to an elastic belt around the waist in three rows of 24 actuators. These actuators provide contingent vibrotactile information to targets in an exploration area (see Cáncar et al. 2013). We recorded the position and orientation of participants using a motion capture system (Qualisys AB, Sweden). The amount of turned on actuators depended on the angular size of the target and the intensity of vibration was a linear function of the distance between participant and target 
In the first task, participants were asked to turn and orient themselves to a virtual target using the vibration of the motors inside the belt. In the second task, participants had to walk in a straight line ant to stop when they felt there were on the target. Only the displacement in one axis was taken into account. For the third task, participants were asked to reach a target that could appear in an area of 5m distance and 30 degrees of variation from the start position. 

Results

Results from experiment 1 show that is possible to use vibrotactile information from this SSD to head to a virtual target with great accuracy given the low absolute error (M = 1.7º, SD = 1.75), even below the theoretical threshold given for each actuator (i.e. 2.5 º). Approaching the target in task 2 seems to be more difficult given that, on average, absolute error was 20.13 cm and trial duration was twice the time (M1 = 8.25 s and M2 =16.32 s, for tasks 1 and 2, respectively). In task 3, the average error taking into account two axis was 52.67 cm with a high variability between participants (SD = 43.77).  The time needed to reach the target was 31.49 s on average (SD = 16.00).
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Figure 1: Example of one participant’s performance during task 3.

Conclusion
This device is useful to head in a direction and to navigate to a target although participants could benefit from a more intense training to exploit appropriate information. 
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