Self-Supervised Multisensory
Pretraining for Contact-Rich Robot
Reinforcement Learning

Introduction

Contact-rich manipulation remains one of the most challenging
tasks in robotics, requiring precise control under noisy, dynamic
conditions. The usage of multiple sensors enhances the robot’s
ability to understand the environment compared to vision only
approaches. While Deep Reinforcement Learning (RL) enables
robots to learn complex behaviors, effectively combining
different sensory inputs, such as vision, force, and
proprioception, remains a major challenge. Our work tackles this
challenge by developing a scalable RL framework that fuses
heterogeneous sensory data to enable robust manipulation.
Inspired by advances in multimodal learning, we introduce
Multisensory dynamic pretraining (MSDP) that simplifies policy
learning and improves performance under sensory noise and
changing object dynamics. To evaluate the approach, we
conducted extensive experiments and ablation studies across
multiple Task, sensor combinations and neural network
architectures.

Methods

In this work, we introduce a new framework called MSDP
(Multisensory Dynamic Pretraining) to improve robot
manipulation through multisensory reinforcement learning. The
framework learns a shared representation from multiple sensors
using a self-supervised pretraining objective based on masked
autoencoding and forward prediction. Each sensor input is
processed through a dedicated encoder, with visual data passed
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through a CNN and low-dimensional sensors through linear
layers. The encoded sensor features are fused using a
transformer-based architecture trained to predict future sensor
observations, enabling the model to understand the interaction
between different modalities and their dynamics through time.
For downstream reinforcement learning, we extract task-
relevant features using a single cross-attention layer that maps
the pretrained multisensory embeddings into a compact, stable
input for policy learning. A key aspect of MSDP is the modular
design that allows flexible use of sensor combinations allowing
for efficient multisensory reinforcement learning.

Results

We successfully trained multiple model variations and baselines
across three contact-rich manipulation tasks: Peg Insertion, Push
Cube and Close Drawer. The results highlight how our method,
compared to competitive baselines, extracts a rich multisensory
representation for downstream RL. Our novel Cross-attention
extraction has shown to be crucial for task-related feature
extraction. Furthermore, we have shown how the usage of all
sensors boosts performance compared to the vision-only setting.
Additionally, multiple sensors can be used to enrich the vision
representation even if not present during task learning. Our
Results underline how the proposed MSDP framework exploits
multiple sensors for efficient contact-rich robot reinforcement
learning.

Discussion

The results of our project demonstrate the effectiveness of the
MSDP framework to extract a rich multisensory representation
for Robot RL. The use of HPC was crucial in achieving these
results, as it enabled the parallel simulation and training of
multiple neural network architectures and ablations, offering fast
implementation cycles crucial for task and model tuning. Next to
our proposed framework, this project has shown how RL can
benefit from multiple sensor modalities. A promising research
direction is to incorporate other sensor modalities e.g. tactile or
sound. Our simulation results still need to be validated in real-
world experiments. Future Research will focus on different
settings like bimanual and multitask leveraging multisensory
representations from MSDP.
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