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Hand Guidance Using Grasping Metaphor, Wearable Haptics, and LeapMotion

In this demo, we propose a novel method for hand guidance, combining grasping metaphor, wearable haptics, and camera-based hand tracking. To guide the hand towards the desired orientation, the system generates vibration exploiting the grasp theory, asking the user to align the perceived wrench with the gravity. An error-depending vibration intensity is considered as feedback method.

I. INTRODUCTION

Haptic devices capable of providing cutaneous stimuli have recently gained attention in the haptics and robotics research fields. Several researchers have developed and exploited such technologies in contexts like hand guidance for teleoperation, demonstrating how promising they are. As a matter of fact, cutaneous feedback not only is able to enhance the potentiality of augmented reality, but also provides an effective way to simplify the device design, allowing to reduce the form factor to make them more wearable and lightweight [START_REF] Prattichizzo | Towards wearability in fingertip haptics: a 3-dof wearable device for cutaneous force feedback[END_REF]. Moreover, the valid alternative that haptic feedback can offer to visual or audio signals should not be underestimated. Not always those sensory channels are available, indeed they could be overloaded or unusable due to task requirements, environmental factors, vision or hearing impairments.

This demo presents a guidance approach implementing the paradigm "what you feel what you do". Indeed, the purpose of the interface metaphor is to give the user instantaneous knowledge about how to interact with the interface, provided that it is designed to be similar to physical entities. We take advantage of haptic thimbles with a single vibro-motor. The idea is to use a combination of vibrations to suggest human hand motion. To guide the hand towards a desired orientation, the system exploits the illusion of grasping a virtual object. The user has to orient the wrench generated by the object weight until it is aligned with the gravity.

II. HAPTIC GUIDANCE SYSTEM

The guidance policy here described is thought to guide the orientation of the hand by taking advantage of a wrench representing the weight of an ideal object seized by the user, as depicted in Fig. 1. Following the grasping metaphor, the mental connection between the two forces suggests that the target orientation is reached once the perceived wrench is aligned to the gravity [START_REF] Baldi | Hand guidance using grasping metaphor and wearable haptics[END_REF]. A Python-based software is in Fig. 1: The user wears the haptic thimbles and orients the hand following the cues displayed at the user's finger pulps. The fingertips and the palm positions are tracked by a Leap Motion device placed in front of the user. charge of collecting data from a Leap Motion, perform the mathematical computations (grasping matrices and optimization algorithm [START_REF] Farina | Disropt: a python framework for distributed optimization[END_REF]) and generate the corresponding vibrations (used to render forces).

As starting point, the user is asked to seat and to position the right hand in the camera field of view. The participant has to imagine to grasp a virtual object. The actual posture of the user's hand is recorded. Thumb, index, and middle fingertips are associated with 3 virtual contact points. Once the identification of the hand and its orientation is done, it is possible to apply an external force to the virtual object inscribed within the contact points. A wrench is pseudo-randomly selected among a predefined set and participants are tasked to orient the hand following the haptics, i.e., to align the perceived virtual force with the gravity. The intensity of the motors vibration depends on the norm of the contact force and it is modulated proportionally to the orientation error.
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