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Fig. 1. Design of the proposed wearable 3-DOF cutaneous haptic device with 
the integrated IMU-based finger tracking. 
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With the recent advancements of HMD (head mounted 
display) and the sensing technology (e.g., RGB-D camera and 
sensor fusion for localization), immersive VR (virtual reality) 
interaction, where users interact with the virtual environment 
using their bodies (e.g., head motion and hand grasping), 
has received great attention. To enhance the realism for this 
immersive VR interaction, the haptic feedback is desired. 
Conventional kinesthetic haptic devices (e.g., Force Dimen
sion Omega 3®, etc.) are not so suitable for this purpose, 
due to their mechanical ground requirement bulky size and, 
consequently, high cost. In this context, we propose here a 
wearable cutaneous haptic device which can generate 3-DOF 
contact force feedback at the finger tip and track finger/palm 
rotation by using inertial measurement units (IMUs). 

Our wearable 3-DOF cutaneous haptic device with inte
grated finger tracking consists of the following two systems: 
1) the 3-DOF cutaneous haptic device on the finger tip, and 
2) the IMU-based finger tracking system [1]. See Fig.I. The 
3-DOF cutaneous haptic device consists of the two parts: the 
body part and the contact plate part. It generates the 3-DOF 
contact force by pulling the contact plate through three wires 
which connect between two triangle shape vertices of the body 
and the contact plate. The tensile force input u E R3 of wires 
are controlled by using the three micro DC motors. The three 
springs, covering the wires, provide resilence of the contact 
plate. Different from the device developed in [2], to enhance 
control precision, we attached the IMUs on the body part and 
the contact plate respectively to measure their rotations and 
one FSR sensor on the contact plate to measure the contact 
force at the center of finger tip. 

To display 3-DOF desired contact force at the fingertip, we 
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Fig. 2. Interaction with virtual wall using the proposed wearable 3-DOF 
cutaneous haptic device. A 3-DOF contact force is fed back to the user. 

design PI controller which tracks the normal pushing force of 
the contact plate part and its roll and pitch rotation 

u=G-;lh T1> Te ] T 

where Gs is a selected Jacobian from tensile force to the 
contact plate force and torque, and Tl, T1>, Te are the PI control 
inputs for the force and roll/pitch tracking. 

Meanwhile, the finger tracking system consists of four 
IMUs. Except one IMU attached at the contact plate, the three 
IMUs, attached at the palm, the phalange between proximal 
interphalangeal (PIP) joint and metacarpophalangeal (MCP) 
joint, and the body part, are used for tracking the palm and 
the index finger rotations. For this, we assume that the distal 
interphalangeal (DIP) joint is fixed since it nearly does not 
move due to the wearable haptic device. We also off-line 
compensate for the magnetic interference of micro DC motors 
on the IMUs to prevent distortion depending on the motor
IMU positioning. As shown in Fig. 2, our wearable cutaneous 
haptic device with integrated tracking device can reproduce 
the palm/finger motion and transmit the 3-DOF contact force 
to the finger tip. 
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