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Abstract— We present a haptic glove that enables realistic 
haptic feedback in virtual environments by providing vibrotactile, 
pressure, and kinesthetic sensations. For vibrotactile feedback, 
piezoelectric actuators are used at the fingertips, while pressure 
feedback is provided by a shape memory alloy (SMA) actuator 
with a displacement amplification mechanism. An electrostatic 
clutch mounted on the back of the hand restricts finger movement 
through tendons, providing kinesthetic feedback. This 
combination allows users to perceive the contact, as well as surface 
texture and protrusions of the virtual object. 
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I. INTRODUCTION 

Haptic gloves are used for realistic simulation, training, and 
interaction in virtual environments. To achieve realistic 
interaction, there is a rising demand for multi-modal haptic 
feedback that replicates real-world sensations. However, 
delivering haptic feedback such as kinesthetic, vibrotactile, and 
pressure feedback requires different actuation mechanisms, 
which often leads to bulky, heavy, and expensive gloves with 
limited wearability. In this study, we propose a compact 
multimodal haptic glove by integrating piezoelectric actuators, 
shape memory alloy(SMA) wires, and an electrostatic clutch. 
The glove provides kinesthetic feedback upon contact with 
virtual objects and allows users to perceive surface roughness 
and protrusion of virtual objects. 

II. COMPACT MULTIMODAL HAPTIC GLOVE

As shown in Figure 1, the glove consists of thimbles located 
at the fingertips, an electrostatic clutch at the wrist, and tendon 
and wire guide components on the back of the hand. The 
proposed haptic glove delivers haptic feedback to the index and 
middle fingers. The thimbles incorporate an SMA wire actuator 

and a piezoelectric actuator for pressure and vibrotactile 
feedback. The SMA wire, combined with a displacement 
amplification mechanism [1], is extremely lightweight (<350 
mg) and capable of generating high forces (>2 N), enabling users 
to perceive millimeter-scale protrusions on virtual object 
surfaces. The piezoelectric actuator is placed near the nail and 
transmits vibrations to the side of the finger through a vibration 
transmission plate, allowing users to perceive a wide range of 
vibrotactile cues from 50 to 500 Hz. The electrostatic clutch, 
which provides variable friction depending on the applied 
voltage, connects to the fingertip thimble via tendons. This 
design provides free finger movement when voltage is not 
applied and restricts movement when activated, providing users 
with kinesthetic feedback upon virtual contact. 

Figure 1. Overview of the proposed compact multimodal haptic 
glove, showing the fingertip thimbles, electrostatic clutch, and 
tendon/wire guide structure. 
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