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Inspired by the periodic nature of muscle dynamics in real
animals, at the core of our approach lies a periodic signal
generator spanning the space of continuous cyclic curves
that are used as desired reference motion trajectories for
joint PD controllers to move the character. The motion of
each DOF is a time-varying signal f (t) with frequency !,
magnitude A, phase shift ✓ and impulse shape , which
can selectively be used in the gait optimization.

⇡

Convergence
0.35

FV

C = wd

⇥

f (t) = A N ( ( )) e

⇡]

Signal Generator

Simulation
Cost

⇡, +

[2] K. Wamplerand, Z.Popovic, Optimal gait and form for animal
locomotion. ACM Trans. Graph.,1–8, 2009.

Tracker

Motion
Generator

2[

[1] K.Sims, Evolving virtual creatures. In Proceedings of the 21st
Annual Conference on Computer Graphics and Interactive
Techniques, SIGGRAPH, pages 15–22, 1994.

[X]T 2 Rctrl

Zero-Pose
Search

✓ ab

Rolling Biped 6 DOF

f (t)

Angular Magnitude

Signal
Generator

Conclusion

[[A] [!] [✓] [ ]] 2 R

Reference Motion Time Trajectory,
Starting from a zero pose

4⇥dof

Results

T

Quadruped 36 DOF

Hexaped 36 DOF

We run our experiments on a 12-core 2.7 GHz CPU.
Typically we learn a motion cycle over a few seconds
and test it for about one minute. A multi-threaded 10core CMA converges in ~7 min wall clock for the biped
and ~25 min for the quadruped and the hexaped.

Amir H. Rabbani

We present an automatic system to generate
locomotion gaits with different speeds and styles
for imaginary terrestrial creatures. Despite the
great achievements in this domain, like the
prominent evolutionary work by Karl Sims [1],
optimal gait for animal locomotion [2], or the
recent developments in the field of reinforcement
learning [3,4], there are still only a few options in
designing an automatic tool to make a creature
run given only information on its shape. We
propose a gradient free optimization approach
that requires no intuition on the locomotion task,
which is particularly useful when animating
fanciful creatures. We search for the parameters
of a periodic signal generator that minimize a
given cost function of traveled distance and
speed. We show that finding natural gaits is
possible even without a good initial or preauthored motion, and the resulting locomotions
are both visually plausible and complex.

Optimization

Introduction

I3D 2018

e

1

( ), 1 <

<1

0.5(e
2

( )

+e

( )

e

( )

( )cos(!t+✓)

( )

)

+ C( ( ))

⇤

1200

1400

-1.5
0

1T

2T
Time(sec) : T = 2π/13.7014

3T

We show that with a
straightforward setup we can
achieve rich and plausible
locomotions for imaginary
creatures. We continue to explore
different signal generators, an
energy term in the cost function
and the possibility to learn
feedback policies to improve the
stability of the synthesized motion
as the current framework only
constructs open-loop controllers.
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