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Fig. 28. The XY motion of the ball on the floor during human intent
detection behavior.

current position () when given a soft push, whereas
given a hard push, it moves away and stationkeeps at
a different position (2). In this experiment, any push
that produces a ball acceleration greater than 0.5 m/s? is
considered a hard push. The companion video (Extension
1) demonstrates the ballbot successfully achieving this
behavior.

D. Ballbot Interface and Teleoperation

The ballbot has a highly interactive graphical user
interface that allows wireless teleoperation of the robot
using a joystick. The joystick commands desired veloc-
ities to the velocity controller presented in Sec. V-B.
The ballbot has been reliably teleoperated at fast walking
speeds for hundreds of meters over surfaces ranging from
vinyl tile to carpet to rough concrete to metal gratings.
The ballbot was successfully teleoperated on ramps with
angles up to about 4° as shown in Fig. 29(a) and also
over Ethernet cables on the floor as shown in Fig. 29(b).
The videos of successful teleoperation of the ballbot
can be found in Extension 1. The ballbot was able to
drive into and out of elevators and over the cracks and
misalignment between elevator cars and floors with ease.

VIII. DRAWBACKS AND CHALLENGES

In the above sections, we have experimentally demon-
strated both the feasibility and the advantages of bal-

-

Fig. 29. Teleoperation with a joystick: (a) climbing a ramp of 4°;
(b) driving over wires on the floor.
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ancing mobile robots like the ballbot over traditional
statically stable mobile robots. However, there are a
number of challenges that remain to be addressed. One
of the fundamental challenges is in the safety of such
robots in human environments. The ballbot can fall down
due to hardware and software problems. Therefore, the
design, verification and guarantee of safety procedures is
a necessity for such systems before they can be reliably
deployed in human environments.

In the case of the ballbot, the legs are neither strong
enough to stop the falling robot, nor fast enough to be
rapidly deployed. The design of better leg mechanisms
with rapid deployments can be explored. Moreover, the
leg design should also guarantee that the dynamics of
the falling robot would not tip the robot over when
the legs are deployed. Redundant sensing and actuator
mechanisms like in the Segway (Nguyen et al. 2004) can
also be used to increase the safety margin.

IX. CONCLUSIONS

The control implementations and their successful and
robust operation on the ballbot were demonstrated.
Planning body lean trajectories to achieve desired ball
positions was also demonstrated. Successful trajectory
tracking between static configurations was experimen-
tally verified. Several interesting physical interaction
behaviors with the ballbot were also presented.

X. FUTURE WORK

Future work include developing high-level motion
planning strategies to enable the ballbot to navigate in
human environments. This would require the addition
of extrinsic sensors to enable localization and object
detection in the environment to further enhance ballbot’s
locomotion and interaction capabilities. The work to
date opens up a wide range of possibilities for ballbot’s
actions. With these considerations, it is reasonable to
believe that the ballbot represents a new class of wheeled
mobile robots capable of agile, omnidirectional motion.
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APPENDIX A: INDEX TO MULTIMEDIA EXTENSIONS

The multimedia extensions to this article are at:
WWW.ijIr.org.

Extension  Media Type  Description
1 Video Demonstrates the capabilities of the
ballbot and its robustness, along with
planning and physical interaction
experiments
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