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A Combination between Contour Following and
Stiffness Augmentation using an
Electromagnetic-based Haptic Interface
Alaa Adel, Mina Maged and Islam S. M. Khalil
Abstract—In this study, we develop an algorithm for a combination of contour following and stiffness augmentation using an
electromagnetic-based haptic interface. The capability of the system is evaluated to render three-dimensional (3D) complex virtual
objects in mid-air using magnetic force in excess of 2 N within a workspace of 150 mm × 150 mm × 60 mm and with stiffness range
values of (0-500 N/m). We characterize the just noticeable difference (JND) of in both of dimensions and stiffness, the value of
(JND) for the dimension is ..mm and ...N/m for stiffness perception. We investigate the optimal configuration of the wearable haptic
device by design three possible configurations. First, on the fingertip which represents the default configuration. second, in the
middle of the hand. Third, on portable styles. We conduct quantitative and qualitative experiments to compare the different
configurations of the wearable haptic device. In quantitative experiment, Participants experimentally demonstrate an average
success rate -%, -% and -% in distinguishing between four 3D shapes, our statistical analysis shows that effect of using the 1/2/3
configuration on the average success rate is statistically significant, for 95% confidence level. In the qualitative experiment,
Participants experimentally demonstrate that the 1/2/3 configuration is more comfortable and usable than the other configurations.
Index Terms—Contour following, haptic rendering, interaction, stiffness.
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Fig. 1: Electromagnetic-based haptic interface enables the operator to
interact with virtual objects in three-dimentional space. The system
consists of an array of electromagnetic coils. Each coil is powered
independently using a current source. A current input (I ∈ R9 ) is
provided to the coils based on the morphology of the object and the
position (p ∈ R3 ) of the user using a haptic rendering algorithm.
Electromagnetic coils convert the input current into magnetic field
gradient to exert magnetic force on the dipole moment (attached to a
wearable user interface) at the sensed position.
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