
ADVANCING IMITATION LEARNING:
STABLE AND EFFICIENT ROBOTICS 

Case study



The challenges of imitation learning

As the field of robotics progresses, imitation learning has emerged as an exciting
method for programming robots by enabling them to learn complex tasks through
demonstration. This approach aligns well with the increasing demand for intuitive robot
programming that can be accessible to those outside of traditional engineering roles. 

Two challenges persist:

Ensuring the reliability of AI-driven control algorithms 
Necessitating extensive demonstrations to achieve acceptable performance. 

These challenges have hindered widespread adoption of imitation learning in the real
world, where predictability is essential. Dr. Hsiu-Chin Lin and her research team, at
McGill University, are tackling these obstacles head-on, utilizing Kinova's Gen2 and
Gen3 lite robots to pioneer solutions in this domain.

Kinova robots at the center of classic and modern AI control theory

Imitation learning through neural networks allows robots to learn tasks by observing
and mimicking human demonstrations, removing the need for tedious engineering
work. However, this approach often grapples with safety issues, especially in novel
situations not covered by the training data. To address these challenges, Dr. Lin’s team
leverages optimal control theory and Lyapunov stability. These mathematical
frameworks ensure that a data-driven model provides outputs that guide the robot
toward its designated targets. By merging these elements, the team establishes a
unique methodology that reduces the need for extensive demonstrations while
maintaining exceptional performance.
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Start

In Dr. Lin's research, Kinova's Gen2 and Gen3 lite robots are instrumental. Their
inherently safe designs provide the necessary security to experiment without
compromising the safety of the team and environment - even when the robot is subject
to external disturbances. The intuitive controls and flexible APIs are especially
beneficial, allowing her team to easily integrate AI-driven algorithms into their research
workflow. This adaptability facilitates rapid iterations and refinements critical to their
methodology. Furthermore, the ROS drivers offered by Kinova play a crucial role in Dr.
Lin's work, enabling seamless transitions from Gazebo simulations to tangible
applications, thereby validating theoretical advancements in practical settings.

Goal

Achieving breakthroughs in stability

The research has led to groundbreaking achievements, encapsulated in two scientific
publications with Ph.D. student, Amin Abyaneh. 



The subsequent paper for ICRA 2024
demonstrated the realization of globally stable
neural imitation policies, marking a significant
evolution in the potential application and
reliability of these methodologies. These
insights were validated using the Gen2 robot,
reinforcing the real-world applicability of the
proposed strategies. By achieving stability
with as few as three demonstrations—down
from a previous necessity of 50+ that still be
unsafe—the team's work secures a 100%
success guarantee, a remarkable first in the
field.

The first paper, published at CoRL 2023, introduced a stable imitation policy for
handwriting tasks, exemplified through trials with the Gen3 Lite robot. 

Looking ahead, Dr. Lin's group aims to expand the scope of imitation learning by
integrating video-based task demonstrations and developing models that address
dynamic environments and moving objects. A visionary target is handling complex
manipulation tasks that involve a sequence of movement primitives. The long term
goal is ambitious but achievable: allowing a non-technical user to teach a robot a novel
skill that would otherwise be challenging to model.

Paving the way for home robotics

 “One day we will have a robot at home doing everything for us.”

Dr. Hsiu-Chin Lin,  Assistant Professor



Kinova is a global leader in designing and manufacturing robot arm for various applications in the
Industrial, Professional, Academic and Medical markets and for Assistive technologies. We have for
mission to provide humanity with robots that empower them to achieve the extraordinary everyday.

In summary, Dr. Hsiu-Chin Lin's research group at McGill, supported by Kinova's Gen2
and Gen3 lite robots, represents a quantum leap for imitation learning's potential. Their
pioneering work not only surmounts traditional barriers in reliability of machine
learning but also charts a path toward more intuitive, safe, and efficient robotic
programming. This success signals a promising future for the adoption of imitation
learning, fostering an environment where technology becomes increasingly effortless
and accessible.

From research to reality: Transforming robotics with imitation learning

For more comprehensive details about the research and access to their datasets,
visit the research team's Google Site.

https://www.linkedin.com/company/kinova
https://www.facebook.com/kinovarobotics
https://www.youtube.com/@Kinovarobotics
https://www.kinovarobotics.com/sector/medical-robotics
https://www.instagram.com/kinovarobotics/
https://sites.google.com/view/stable-planning-policy/home

