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Abstract—We tokenize multimodal biometric data–heart rate,
electrodermal activity (EDA), emotion, and motion capture–and
use it to train three generative models for stroke, image and
biometric synthesis. These models drive a closed perception-
action loop autonomous painting robot.

Index Terms—Human-Robot Interaction, Variational Autoen-
coder, Embedded Biometrics, Stroke Generation, Image Synthe-
sis, Robotic Painting

I. PRESENTATION MODE

The video demonstration will show our system producing
paintings autonomously over 300-500 strokes (∼ 60 minutes).
The robot initializes with random brush strokes, and our
demonstration will show how we can achieve artistic creation
guided by an autonomous loop using biometrics.

II. INTRODUCTION

Existing robotic painting systems use direct mappings (text-
to-image [1], image-to-image [2]) that bypass internal phys-
iological states characterizing human creativity. While recent
work has explored biometric data visualization in interactive
art [3], [4] and emotion-conditioned digital image synthe-
sis [5], [6], no prior art system uses biometrics as a generative
latent representation for autonomous robotic painting.

III. SYSTEM OVERVIEW & METHODS

Our system demonstrates autonomous robotic painting
driven by three sequential components that form a closed
perception-action loop.

A. Data Collection

We captured synchronized painting sessions recording: (1)
intermediate canvas states, and (2) continuous biometric sig-
nals (heart rate, EDA, motion capture, 9-category facial emo-
tion annotations) (See Fig 1).

B. Biometrics Generator

A transformer architecture processes visual inputs, includ-
ing the current canvas state and optional inspiration images,
alongside current biometrics to generate predicted sequences
of future biometric responses encoded as embeddings. Train-
ing on our dataset of human artist biometrics enables the
model to learn temporal progression patterns in physiological
responses and their relationship to visual stimuli. The resulting
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Fig. 1. Data Collection Phase: Upper Left: Artist painting on canvas, Bottom
Left: Canvas state being captured, Top Right: Stream of predicted emotion,
Bottom Right: Stream of heart rate and EDA

Fig. 2. Biometrics Generator (Token Prediction): Canvas differences are
created by subtracting consecutive frames and thresholding the differences
to isolate new strokes. Then the current biometric tokens are fused via cross-
attention. The MLP predictor learns to predict the next biometric state in the
CLIP token space.

predictions capture how specific visual states elicit biometric
changes over a given time window (See Fig 2 and 3).

C. Biometrics-Conditioned Image Generation

A diffusion model (InstructPix2Pix [7], Stable Diffusion [8])
generates the target image after the next 5-10 strokes, condi-
tioned on both the current canvas and the synthetic biometric
signals from component B. We explored multiple conditioning
strategies, including cross-attention layers, latent concatena-
tion, adaptive instance normalization (AdaIN), and time-step



Fig. 3. Biometrics Generator (Biometrics Reconstruction): A decoder trans-
lates tokens to raw biometrics for visualization. This enables interpretation of
what the robot ”feels” while painting, outputting the heart rate, EDA, motion,
and emotion time series.

Fig. 4. Biometrics-Conditioned Image Generation: We modify the Instruct-
Pix2Pix architecture by replacing the CLIP text encoder with a biometric
tokenizer. Instead of language instructions, the U-Net is conditioned on
physiological signals through cross-attention layers.

embedding augmentation to integrate continuous physiological
signals into the U-Net architecture (See Fig 4).

D. Emotion-Guided Stroke Optimization

Inspired by the Robot Synesthesia paradigm [9], we convert
synthetic biometrics to target emotion vectors and use differ-
entiable optimization to generate brush strokes. During stroke
generation, candidate strokes are rendered and evaluated under
augmentations. Emotion loss (negative cosine similarity be-
tween predicted and target emotions) backpropagates through
the differentiable renderer to stroke parameters, enabling gen-
eration that is both visually and emotionally aligned with the
biometric state (See Fig 5).

E. Autonomous Feedback Loop

The robot executes the three-step cycle (biometrics gen-
eration → target image synthesis → emotion-guided stroke
optimization), paints the optimized strokes, and repeats for
300-500 strokes. This creates a self-sustaining creative process
where the robot’s paint strokes generate predicted biometric
responses, which condition target image generation, which
guides stroke execution—modeling the internal physiological
dynamics that characterize human creative processes

IV. DEMO DESCRIPTION

Attendees will observe:
• Real-time synthetic biometric visualization (heart rate,

EDA, emotion)
• Target images generated from biometric conditioning
• Painting strokes optimized for emotional consistency
• Emergent artistic behavior from the perception-action

loop

Fig. 5. Emotion-Guided Stroke Optimization: The Emotion Loss Computation
subgraph translates emotional intent into a differentiable training signal for
brush stroke optimization. A target emotion distribution (JSON) is compared
against the emotions predicted from the generated image by a fine-tuned
Image-to-Emotion model. Their cosine similarity produces an emotion loss
term, which guides stroke optimization toward emotional expressiveness.

See our video for the research process and presentation con-
cept.

V. CONTRIBUTIONS

• Biometrics as Creative Latent Space: First use of
synthetic biometric generation as an autonomous driver
for robotic art. Unlike systems requiring collaboration [2]
or explicit instructions [1], we model physiological states
as a novel intermediate representation between intent and
mark-making.

• Closed-Loop Perception-Action Architecture: Self-
sustaining creative system combining biometric
prediction, biometric-conditioned image synthesis,
and emotion-guided stroke optimization—demonstrating
emergent artistic behavior through continuous biometric
modeling.

VI. DISCUSSION

This work positions itself not only as a technical demonstra-
tion of robotic painting but as an inquiry into the quantification
of human creativity. Rather than relying on high-level natural
language expressions, the system uses physiological signals
learned from real human painters as the latent variables
driving the creative process — bringing us closer to a sci-
fi notion of ”cloning” the human artist from the inside out. In
doing so, the project questions the assumptions embedded in
contemporary AI systems that seek to formalize internal states
such as emotion, attention, and intent as a means of replicating
human cognition. By attempting to reduce artistic expression
to measurable variables, the work exposes both the ambition
and the limits of that reduction.

Through the video demonstration of the system producing
an abstract painting, we invite the audience to sit with the
following questions:



• Are our high-level artistic intentions distilled into our
low-level physiological signals or does something essen-
tial escape the body’s measurable trace?

• What aspects of the creative process can we make visible
and can we see the causal relationship between biometrics
and the painting?

• When the robot’s generated images are optimized to
mimic the correlation between biometrics and paintings
from a human painter, are we “copying” the creativity of
the painter that is providing the data?

• When the robot’s strokes are optimized for emotional
consistency with simulated emotions, who (or what) is
the author of the resulting painting?
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