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Introduction

Recurrent State-space models (RSSMs) are highly expressive
models for learning patterns in time series data and system
identification. However, these models assume that the dynamics
are fixed and unchanging, which is rarely the case in real-world
scenarios. Many control applications often exhibit tasks with
similar but not identical dynamics which can be modeled as a
latent variable. Our goal is to learn a state space model that can
model the dynamics of partially observable robotic systems
under scenarios where the dynamics changes over time. Often,
the dynamics of real systems may differ in significant ways from
the system our models were trained on. However, it is
unreasonable to train a model across all possible conditions an
agent may encounter. Instead, we propose a state space model
that learns to account for the causal factors of variation
observed across tasks at training time, and then infer at test
time the model that best describe the system. In order to
compare this approach with previous methods, we run extensive
experiments using robot simulations.

Methods

We introduce a new formulation namely Hidden Parameter State
Space Models (HiP-SSMs), a framework for modeling families of
SSMs with different but related dynamics using lowdimensional
latent task embeddings. We perform inference and learning in
the HiP-SSM borrowing concepts from both deep learning and
graphical model communities following recent works on
recurrent neural network models, where the architecture of the
network is informed by the structure of the probabilistic state
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estimator. Aside from the simplicity of the training procedure,
one of the key advantages of this approach is the ability to
incorporate arbitrary nonlinear components into the observation
and transition functions. We evaluate our method in simulation
for robotic table tennis, locomotion and manipulation.

Results

We observe that the HiP-RSSM can outperform the previous
state of the art predictions obtained by recurrent models. We
hypothesise that the latent task variable captures multiple
unobserved causal factors of variation that affect the dynamics
in the latent space, which are not modelled in contemporary
recurrent models.

Discussion

We proposed HiP-RSSM, a probabilistically principled recurrent
neural network architecture for modelling changing dynamics
scenarios. We start by formalizing a new framework, HiP-SSM, to
address the multi-task state-space modelling setting. HiP-SSM
assumes a shared latent state and action space across tasks but
additionally assumes latent structure in the dynamics. We
exploit the structure of the resulting Bayesian network to learn a
universal dynamics model via forward inference algorithm and
backpropagation through time. The resulting recurrent neural
network, namely HiP-RSSM, learns to cluster SSM instances with
similar dynamics together in an unsupervised fashion. Our
experimental results on various robotic benchmarks show that
HiP- RSSMs significantly outperform state of the art recurrent
neural network architectures on dynamics modelling tasks. We
believe that modelling the dynamics in the latent space which
disentangles the state, action and task representations can
benefit multiple future applications including planning/control in
the latent space and causal factor identification.
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