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} Objetives Each emotional routine is mapped to continuous
Cartesian coordinates (px, py ) on Plutchik’s wheel

« Create a generative framework to of emotions.

synthesize expressive robotic routines for
the social robot Haru. The recorded states for each routine include
kinematic data (motor positions and velocities of the
base, neck pitch,neck (roll and eye roll) and visual
states (mouth LED patterns and eye video latents,
linearly interpolated to a fixed length of 512

timesteps per routine

« Create a generative framework to
synthesize expressive robotic routines
for the social robot Haru.

we synthetically augmented the original dataset
) to generate multiple variants per routine using

D Generated outputs

the following methods: ’ .
o Plutchik Jitter: Small Gaussian noise (N (0, o)), where i
o = 0.05 after experiments results to add small shifts to

the emotional coordinates

« Motor positions and velocities
o Neck pitch and roll (1 & 2)
o Base Yaw (3)
o Eye roll (4)

« LED panel patterns (5)

« Eye videos (6)

o Temporal Warping: Smooth temporal drifts are applied
using 1D Gaussian filtering to alter the pacing of the
movement.

o Centered Amplitude Scaling and Noise: applied an scaling factor to the trajectory relative to a
neutral motor injecting moothed Gaussian noise

Motor trajectories evaluation

System Overview

} The system architecture consists of the following key components:
» Eye encoder/decoder: autoencoder to compress the information from the eye videos into a smaller representation Motor positions and velocities distribution
 Unified Autoencoder: the main autoencoder to compress all information fron different modalities into a single representation HAPPY: Position (Rad) SAD: Position (Rad) ANGER: Position (Rad) BORED: Position (Rad)
of 512 values for each time step. 0.20 = Original 0.20 ‘ = Original 0.20 . Origingl 0.20 = Original
[ Generated ; [ Generated [ Generated [ Generated
0.15 0.15 0.15 0.15
e Flow Matching Spatio Temporal U-Net: The main model is an SpatioTemporal U-Net representing the vector field of the Flow 0.10 0.10 0.10 ‘ 0.10
. . s
Matching paradigm. g 005 , 105 , 005 , %83
2 000 ‘E E £ 0.00 £ 0.00 ‘ < £ 0.00 =
TRAINING PHASE g’ -0.05 ) -0.05 ) —-0.05 ) -0.05 1
-0.10 -0.10 -0.10 -0.10
e . . ) -0.15 -0.15 -0.15 -0.15
= ST )
E‘E -0.20 -0.20 -0.20 -0.20
- Base EyeR NeckR NeckP Base EyeR NeckR NeckP Base EyeR NeckR NeckP Base EyeR NeckR NeckP
_ Eyevideos - % \ HAPPY: Velocity (Rad/s) SAD: Velocity (Rad/s) ANGER: Velocity (Rad/s) BORED: Velocity (Rad/s)
[ THx7H=T |} -
0.35 i 0.35 0.35 0.35
0.30 0.30 0.30 0.30
g e 0.25 0.25 0.25 0.25
n Z % Flow Matching z g n 2 . " <
=2 SpatioTemporal U-Net = 30.20 0.20 20.20 0.20
Mouth LEDs S o = ! Mouth LEDs @ S S g
T mamT T mamT %015 0.15 015 0.15
: I [a]
r 3
________ . 0.10 0.10 0.10 0.10
Molar postions > | Mok pekis 0.05 0.05 ig i 0.05 0.05
P 1 ‘ i Jﬁll:kllls.;-'uild::.- Dneralion (seconds) | AxlxT } o % @ JM _JB 4%
/ Tanr) - 0.00 0.00 0.00 0.00
Base EyeR NeckR NeckP Base EyeR NeckR NeckP Base EyeR NeckR NeckP Base EyeR NeckR NeckP
Motor velocities ' > Motor velociies
&x1xT ! . Axlx ) . - - s m . . - -
: = Note: The orange distributions represent those generated by our model, compared to the original distributions shown in blue
INFEREMNCE PHASE
. J G J

Motor positions and velocities evolution Visual patterns evolution
t=0.52 t=0.84
Flow Step t=0.00 Flow Step t=0.25 Flow Step t=0.50 Flow Step t=0.75 Flow Step t=1.00
1.00 N - T Tl Sad
- Base Eyes
0.75 1 —— Eyes Roll
0.50 - —— Neck Roll
—— Meck Pitch
S, 0.25
o
Q. 0.00
©
2 0234 o it ! Fal
-0.50
—0.75 1
t=0.45 t=0.77 t=0.88
-1.00 -
1.00
Bored
0.75 - Eyes
0.50 A

0.25 A

©
@ 0.00-
v 0.25 Bored
] Mouth S
-0.50 ’ =]
-0.75 1
=1.00° > The image above shows how mouth LEDs pattern and eyes change over time during the execution of the emotional
routine.
> Note: The image above shows the evolution of motor trajectories during the Flow Matching generation process > Visual modalities evolution shows how the entire face change over the time depending on the emotion generated
from pure Gaussian noise (t=0.0) to the final trajectory conditioned by the emotion (t=1.0). by our model
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P Kinematic Continuity & Emotion Alignment: Produces smooth, non-jerky motions that maintain using Plutchik's continuous emotional (MCIN /AEI10.13039/501100011033) and by ERDF “A way of making Europe

space maintaining high accuracy in positions and velocities for each motor distinguished by emotions.

UNION EUROPEA P
» RLHF Integration: Future work will incorporate Reinforcement Learning from Human Feedback (RLHF) to refine emotional clarity and SEa FEx )
) ) ) 1 MINISTERIO * .
expression diversity DE CIENCIA .
i i . , , o . . . . ON ol
P HRI Field Trials: User perceptual studies on the physical Haru platform will evaluate real-time interaction quality and perceived emotional E INNOVACI FONDOEUROPEODE — pGeNIA
expressiveness. Unsmanr o B’ NVESTIGACION




