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1 Abstract
We are interested in how to combine mechanical design and controller design to achieve agile and efficient
locomotion. A key concept is to exploit the natural dynamics, as first pioneered by McGeer’s completely passive
walker[4] and subsequently by other robots[2][1]. Proper
mechanical design can not only enable better performance,
but also simplify controller design, for example by providing large regions of attraction which allow for robust openloop control[5], or by decoupling different control tasks[3].
Designing the natural dynamics around a specific behavior also allows automatic learning of the controller, for example through reinforcement learning[6], by providing a
smoother slope in the cost-landscape for the learning algorithm to traverse. This is however still very challenging
to do in hardware, especially for arbitrary mechanical designs, as exploratory policies often risk damaging the robot,
and until a reasonable controller has been found, the number of trials required to effectively search the policy space
tends to be very large. These challenges have been holding
back progress of using this powerful tool on real hardware.
We want to address this, and systematically test the effect
of different leg designs (segmentation, pantograph-designs,
amount of compliance etc.) on the convergence of reinforcement learning in both simulation and hardware. For this, we
aim to develop a modular robot capable of dynamic motion,
and progressively test it in 1D (see 1) and 2D test-stands,
and eventually out in the field. The test-stands will be partially actuated in order to automate resetting etc., such that
large numbers of iterations can be conducted.
References
[1]

Richard Altendorfer et al. “RHex: a biologically inspired
hexapod runner”. In: Autonomous Robots 11.3 (2001),
pp. 207–213.

[2]

JCPA Bhounsule, Jason Cortell, and Andy Ruina. “Design
and control of Ranger: an energy-efficient, dynamic walking
robot”. In: Proc. CLAWAR. 2012, pp. 441–448.

[3]

Steve W Heim et al. “On designing an active tail for legged
robots: simplifying control via decoupling of control objectives”. In: Industrial Robot: An International Journal 43.3
(2016), pp. 338–346.

[4]

Tad McGeer et al. “Passive dynamic walking”. In: I. J.
Robotic Res. 9.2 (1990), pp. 62–82.

Figure 1: A first version of a segmented leg design in a 1D teststand. In this case, the uppermost segment is blocked
to the test-stand, resulting in a 2-segmented leg.
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Alexander Spröwitz et al. “Towards dynamic trot gait locomotion: Design, control, and experiments with Cheetah-cub,
a compliant quadruped robot”. In: The International Journal
of Robotics Research 32.8 (2013), pp. 932–950.

[6]

Russ Tedrake, Teresa Weirui Zhang, and H Sebastian Seung. “Learning to walk in 20 minutes”. In: Proceedings of
the Fourteenth Yale Workshop on Adaptive and Learning Systems. Vol. 95585. 2005, pp. 1939–1412.

