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Parameterized Gait

Synthesis

he study of gaits dates back to the earliest

attempts to draw or sculpt animals in
motion. Many important questions remained unre-
solved until photography made it possible to obtain
clear images of humans and animals in motion.! Recent
work in animation, robotics, and biomechanics has
turned from the analysis of gaits to the problem of gait

This physics-based
animation technique uses
control mechanisms
analogous to windup toys.
The parameterized control
yields common gaits and
other useful motions for
simulated creatures, despite
the lack of active control

over balance.

synthesis, using either physics-
based simulations or real robotic
mechanisms. Solutions to this prob-
lem hold promise as power(ul tools
for animation, enabling the creation
of realistic motions with minimal
effort. However, gait synthesis is
still a challenge.

This article presents a method of
producing gaits by using control
mechanisms analogous to windup
toys. The synthesis technique is
based on optimization. One of the
primary characteristies of “virtual
windup toys” is that they are oblivi-
ous to their environment. This
means that these creatures or simu-
lated toys have no active control
over balance. Nevertheless, “blind"
parameterized control mechanisms
can produce many common period-
ic gaits as well as aperiodic motions

such as turns and leaps. The possibilities and limitations
of this technique are presented in the context of exam-
ple creatures having one, two, four, and six legs. Figures
1 and 2 show animations of two of these creatures.

An important attribute of the proposed synthesis
method is that the motions produced can be parame-
terized. Thus, you can synthesize a family of motions
instead of just a single fixed instance of a motion. The
examples used here are

m a hopping gait parameterized with respect to speed,
m a turning walk parameterized with respect to the
turning rate, and
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m a leap parameterized with respect to the size of the
leap.

The animator can thus interactively specify the hopping
speed, turning rate, and leap size, respectively, for these
physics-based motions.

Related work

Humans, robots, and animals together form an inter-
esting and challenging class of objects to animate
because they are active. Movement must be achieved
through the coordination of actuators internal to the
object-—the muscles, motors, or other mechanisms that
cause motion.

We can contrast active objects with passive physical
systems whose motions are determined solely by exter-
nal forces, as is the case for a marionette or for a rock
rolling down a hill. The control problem for active
objects to solve for the muscle or motor acrions neces-
sary to achieve a desired motion. In general, the problem
takes the form depicted in Figure 3.

Ower the past two decades, a variety of workable solu-
tions to the contro! problem for motion synthesis have
been proposed and implemented, with application to
computer animation, robotics, biomechanics, and arti-
ficial life. The predominant methods for animation of
legged locomotion are kinematic. Physical simulations
are a more recent possibility. The early work of Girard®
used kinematics and simplified dynamics to govern the
behavior of legged creatures. Physical simulations guar-
antee that the laws of physics are obeyed and thus ensure
realism. However, since the simulations do not produce
desired or natural motions unless the appropriate control
functions are applied, the methods for producing these
control functions require investigation. The simulated
creatures must somehow acquire basic motor skills.?

Hopping and running are presently among the most-
studied classes of motions.** Research has been success-
fully applied to monopeds, bipeds, and quadrupeds, both
on real robots and in physics-based simulations for com-
puter animation. The controllers used for these motions
are constructed by decomposing the motion into distinct
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