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Abstract— This extended abstract describes the design of a
haptic interface based on a joystick to provide vibrotactile,
shape-changing and hardness/softness based feedback to the
operators of remote mobile robots.

Particle jamming refers to the principle of using con-
trolled air pressure to affect the viscosity of a granular fluid
inside a soft, sealed container. This can be used to create
shape-changing, shape-memory and hardness changing hap-
tic interfaces which have already been shown to be useful
to relay environmental information to users of remote robots
[1], [2].

Previous work has added rendering of vibrotactile sensa-
tions to a haptic surface based on particle jamming [3]. This
design is now extended and expanded with the intention of
creating a haptic system that can be retrofitted to a computer
joystick to render a wide variety of haptic sensations whilst
controlling a remote mobile robot.

The new interface (Fig. 1) builds on the previous vibro-
tactile jamming system by replacing the ERM style vibrating
motor with a LRA (Linear Resonant Actuator) to give more
precise control over the vibration effects. The partially rigid
container is replaced with a completely soft silicone pouch
designed to fit to the rigid shaft of a joystick. Finally, and
most significantly, the new design is half-cylindrical (20mm
radius, 66mm length), allowing two identical segments to be
used simultaneously but controlled independently, giving a
spatial component to the haptic feedback.

The operating principle of the interface is independent
control of the LRAs and air pressure (fluid hardness/softness)
in each segment of the device. This means that the front and
back (or left and right, or in future more than two) sides
of the joystick can render different haptic effects. To ensure
that the interface is sufficiently compact to be held in a fist,
the LRAs are housed below the hand grips and mechanical
antennae are used to transfer vibrations up to the handle.

The control system will consist of a microcontroller
which interfaces with ROS to control and take feedback
from a variety of aquatic and off-road robots and sensor
systems. The pneumatic system requires independent air
pressure regulation and LRA driver electronics. The LRAs
can be synchronised should the same vibration be required
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Fig. 1. a: Schematic showing the construction and main components of
the joystick. b: 3D CAD render of the prototype interface.

in both segments of the interface. The control system and
joystick interface are portable and can be easily set up on
site should the operator need to accompany the robot to a
site, as is common some emergency response scenarios.

Future exploration of haptic effects that are particu-
larly relevant to telerobotics will focus on the sensation of
movement imparted through haptic vibrations [4] as a sliding
sensation on the side of the joystick. Localised to the front-
back or left-right of the user’s closed palm, it is hoped
that this sensation will provide a haptic of roll and pitch
information from a remote robot. This is known to improve
vehicle safety, but has so far not been integrated into a robot’s
control device [5]. The control of hardness and softness can
also be used to indicate soft or loose terrain, and tactile
force feedback afforded by the interface’s shape changing
functionality can indicate obstacles in visual bind spots or
air or water currents affecting an aquatic or aerial robot.
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