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We present an algorithmic approach to designing animatronic figures – ex-
pressive robotic characters whose movements are driven by a large number
of actuators. The input to our design system provides a high-level speci-
fication of the space of motions the character should be able to perform.
The output consists of a fully functional mechatronic blueprint. We cast the
design task as a search problem in a vast combinatorial space of possible
solutions. To find an optimal design in this space, we propose an efficient
best-first search algorithm that is guided by an admissible heuristic. The
objectives guiding the search process demand that the design remains free
of singularities and self-collisions at any point in the high-dimensional
space of motions the character is expected to be able to execute. To identify
worst-case self-collision scenarios for multi degree-of-freedom closed-loop
mechanisms, we additionally develop an elegant technique inspired by the
concept of adversarial attacks. We demonstrate the efficacy of our approach
by creating designs for several animatronic figures of varying complexity.
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1 INTRODUCTION
Animatronic figures are electro-mechanical systems that are meticu-
lously engineered to generate lifelike motions. As can be witnessed
in theme parks, museums and special effects studios around the
world, these robotic characters can be made to convincingly re-
semble a vast array of creatures, real or imagined. Needless to say
though, the process of designing such marvels of engineering is
time-consuming, error-prone, and demands a great deal of experi-
ence and domain specific knowledge. In this paper, we therefore
tackle the challenge of automating some of the most tedious design
tasks that arise while creating animatronic figures.
In its most basic incarnation, as shown in Fig. 2, the bare-bones

structure of an animatronic figure consists of an articulated armature,
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Fig. 1. An animatronic face. Our algorithm assists in finding optimal motor
placement that avoid collisions and has efficient force transmission.

a set of actuators, and various mechanical structures that act as
force transmission mechanisms. The articulated armature defines
the desired range of motion of the robotic character, and it can be
seen as a direct analogue to a traditional animation rig. As such, we
model it as a hierarchical arrangement of rigid components that are
connected to each other via joints. The individual rigid components
in the armature can represent limb segments, miscellaneous body
parts such as ears, eyeballs and eyelids, or auxiliary appendages used
to drive the motions of a character’s lips or eyebrows, for example.
Actuators – commonly just off-the-shelf servomotors – bring

animatronic figures to life. The number of actuators embedded in
a design defines the set of unique functions (i.e. raise/lower left
eye-brow, open/close jaw, etc) it has; the more actuators, the richer
a space of motions the animatronic figure can generate. The com-
putational design framework we present is specifically developed
for animatronic characters that feature a large number of actuated
degrees of freedom.

Force transmission mechanisms are used to propagate the move-
ments generated by each actuator to the underlying articulated
armature. More specifically, they assign servomotors to individual
functions of the animatronic character, both conceptually and phys-
ically. In this work, the elements we consider when designing force
transmission mechanisms are rigid push/pull tie rods and bellcranks,
though other options – gears, belts, etc. – are also possible. Our
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