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1. INTRODUCTION

The value of a tail for vertical climbing has been
apparent since the first efforts to develop scansorial robots
[1,2]. The tail provides a low-friction, positive normal force
against the wall so that the robot’s forelimbs don’t have to
pull as hard into the wall to prevent pitching backward. If
the front limbs should lose their grip, the tail creates a tripod
letting the rear limbs, which normally push gently against
the wall, pull inward, thereby preventing -catastrophic
failure. The same phenomenon has been observed in geckos,
which normally don’t press their tails against the wall, but
do so reflexively if their front limbs lose adhesion [3].

Tails can also ameliorate the dynamics of landing. Choosing Tail Length:
Gliding geckos and other gliding animals use their tails to Adhesive Performance vs. Robot Geometry
steer while airborne, actively controlling orientation to pitch
up immediately prior to contact, reducing the severity of
impact [4]. Recent investigations of the dynamics of tails
have also illuminated their role in self-righting, and
orientation correction in ballistic trajectories [5,6]
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II. TAILS FOR MULTIMODAL PERCHING AND
CLIMBING

These observations suggest that an active tail could be
especially useful for a multi-modal perching/climbing robot o 05 1 15 5 55 3 35 .
such as KlingOn [7]. For climbing with discrete steps, the tail Tail Length
should be sized appropriately to the stride length. However, if Stride Length
the tail becomes too long, we see rapidly diminishing returns in
stabilizing climbing, and the tail becomes heavy and unwieldy
for the airborne trajectory.
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Figure 1. (Top) KlingOn approaches wall and attaches (Bottom)
Considerations for tail length in vertical climbing

This talk will cover recent results with KlingOn II, a [3] Jusufi, Ardian, Daniel I. Goldman, Shai Revzen, and Robert J. Full.

multimodal robot with an active tail. Collaboration with the "Active tails enhance arboreal acrobatics in geckos." Proceedings of the
PolyPedal Lab at UC Berkeley has begun to investigate how National Academy of Sciences 105, no. 11 (2008): 4215-4219.

the tail should be controlled immediately prior to and during [4] T.Libby, T. Y. Moore, E. Chang-Siu, D. Li, D. J. Cohen, A. Jusufi, and
first contact to reduce the peak tensile force required at the R. J. Full, “Tail-assisted pitch control in lizards, robots and dinosaurs,”

Nature, vol. 481, no. 7380, pp. 181-184, 2012.

[5] A. M. Johnson, T. Libby, E. Chang-Siu, M. Tomizuka, R. J. Full, and D.
E. Koditschek, “Tail assisted dynamic self righting,” in Proceedings of

adhesive pads. The goal of this investigation is to expand the
“envelope” of initial states for which attachment is possible.

Enlargi.ng thi§ envelope of Ve]OCiti?S and Orientati(?ns the International Conference on Climbing and Walking Robots,
immediately prior to contact enables a wider range of perching Baltimore, USA, July 2012, pp. 611-620.
trajectories and speeds. [6] A. Jusufi, D. T. Kawano, T. Libby, and R. J. Full, “Righting and turning

in mid-air using appendage inertia: reptile tails, analytical models and
bio-inspired robots,” Bioinspiration & Biomimetics, vol. 5, no. 4, p.

[1] Kim, Sangbae, Matthew Spenko, Salomon Trujillo, Barrett Heyneman, 045001, 2010. ) ) )
Daniel Santos, and Mark R. Cutkosky. "Smooth vertical surface [71 Estrada, Matthew, Elliot W. Hawkes, David L. Christensen, and Mark R.
climbing with directional adhesion." Robotics, IEEE Transactions on 24, Cutkosky. "Perching and vertical climbing: Design of a multimpdal
no. 1 (2008): 65-74. robot." In Robotics and Automation (ICRA), 2014 IEEE International

[2] Kute, Casey, et al. "Adhesion recovery and passive peeling in a wall Conference on, pp. 4215-4221. IEEE, 2014

climbing robot using adhesives." Robotics and Automation (ICRA), 2010
IEEE International Conference on. IEEE, 2010.





