


Fig. 6. A selection of joystick commands during standing. Posture control
(left), moves the torso without affecting the gaze. Gaze control (right), changes
the gaze primarily by moving the head, but also commands additive torso
movement to extend the range. See Appendix C for details.

1) Background Animation:This layer relies on looped play-
back of a periodic background animation, y bg

t , that is always
visible in the absence of additional input. The background
animation conveys a basic level of activity that includes
intermittent eye-blinking and antenna motion.

2) Triggered Animations:This layer blends operator-
triggered animation clips on top of the background animation.
We select them from a library of artist-specified clips and map
them to buttons on the remote control. For our specific charac-
ter, they range from simple yes-no animations to complex scan
clips. Representing the current state of a triggered animation
with y trig

t , we blend the background and triggered targets,

� bld
t = (1 � �)� bg

t + �� trig
t (9)
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t ; c
trig
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where the configuration interpolation is linear for position and
joint angles, and uses slerp for body orientation. � and �
are blend ratios that vary as a function of playback time.
Both ratios ramp linearly from 0 to 1 for a given duration
at the beginning of an animation and back to 0 over the same
duration prior to the end of the animation. We use the durations
T� = 0 :1 s and T� = 0 :35 s, such that the facial expressions
associated with the show functions naturally blend faster than
the body animation.

3) Joystick Animation.The final layer transforms the
blended animation state, y bld

t , based on joystick input from
the puppeteer. Let u represent the joystick axes, triggers, and
button modifiers streamed from the controller. While standing,
the target robot configuration is computed as

y t = J perp �
y bld

t ;u t
�
; (11)

where J perp is a non-linear mapping that modifies the current
animation state based on the commanded inputs. The joystick
axes are mapped to additive offsets to the animated head
and torso pose contained in cbld

t , modifying the robot’s gaze
and posture while idling or executing a triggered animation.
Illustrative examples are provided in Fig. 6.

While walking, the target robot configuration is computed
using a similar mapping,
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t ; !
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that additionally produces path velocity commands for the
periodic policy. For ease of use, we maintain identical gaze
controls; however, the joystick axes used for posture con-
trol are remapped to forward, lateral, and turning velocity
commands during walking. We also introduce show function
modulation based on the path velocity. As the robot reaches
top speed, the antennas duck back and the eye radii narrow to
convey exertion during fast walking.

Once the animation output, y t , has been computed, the
show functions are controlled directly with � t , while the
policy command signals are derived from ct . For the head,
we compare ct to the nominal configuration of the robot and
extract the relative head commands � hhead

t and � � head
t . During

standing, the torso height and orientation in gperp
t are extracted

directly from the target configuration. While walking, the
lower body motion is determined entirely by the periodic
policy and commanded path velocities. Note that in both cases,
we ignore the leg joint positions, which are not part of the
policy inputs.

B. Episodic Motions

When an episodic motion is triggered, the animation engine
initiates a transition to the corresponding policy and triggers
an associated animation clip that syncs the appropriate show
function animation, similar to the triggered animation layer
during perpetual and periodic motions. There is no additional
user input until the episodic motion finishes.

C. Audio Engine

An onboard audio engine processes and mixes all audio
on the robot. A message-based interface enables the operator
to trigger short sound clips, e.g. vocalizations, at any time
while puppeteering. When an animation or episodic motion has
associated audio, the animation engine relays a synchronous
playback command to the audio engine. We also support sound
effects which are modulated by robot actuator speeds, for
creating artificial gear sounds.

VII. RESULTS

We first evaluate the performance and robustness of the
individual control policies on which the rest of the control
stack builds. Afterward, we show how the animation engine
translates user commands into policy control signals and
ultimately turns the technical capabilities of the system into a
compelling character. Finally, we demonstrate and discuss the
deployment of the full system.

A. Evaluating Control Policies

Standing: Each policy input corresponds to the range of
motion of one controllable dimension, e.g. the torso yaw. This
enables expressive motion during standing, including direct
control of the torso. The accompanying video shows the robot
going through the full range of each policy input.

Walking:To evaluate walking performance, we demonstrate
that the system accurately tracks commanded walking veloc-
ities. The walking style has a maximum longitudinal velocity
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