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Autonomous driving technology is a hot topic today, and
various approaches are explored to achieve it. One method
that has gained popularity is Deep Reinforcement Learning
(DRL), which has shown impressive results for vehicle
control. Notably, Professor I-Chen Wu and his team at the
Department of Computer Science at Yang Ming Chiao
Tung University have made significant contributions to
autonomous driving technology. Their innovation, "Deep
Reinforcement Learning with Action Smoothness," has not
only made breakthrough progress in autonomous miniature
car racing but also won the prestigious Future Technology
Award in 2023, highlighting the ingenuity and practicality of
its technology.

"Deep Reinforcement Learning with Action Smoothness
and Its Application to Autonomous Miniature Car Racing"
is a system that utilizes image-based sim-to-real transfer
technology. This system effectively reduces the performance
degradation of reinforcement learning models during the
transfer from virtual to natural environments, improving the
performance of pure visual image neural network models
in real-world settings. This innovative approach gained
attention at workshops of the ICRA 2022 and IJCAI 2022
conferences and achieved notable success in the AWS
DeepRacer League competition hosted by Amazon at the
end of 2022. It secured the top three positions worldwide
and earned a total prize of USD 18,000.

Professor Wu's team adopts the CycleGAN architecture,
a generative adversarial model, to convert images from
the simulator's virtual style to the real-world style. Training
the models with these transformed images effectively
narrowed the gap between simulation and reality for pure
visual models, significantly enhancing the adaptability of
autonomous miniature cars on physical tracks. Furthermore,
to improve autonomous miniature car stability, the team
focused on the importance of smoothness in physical car
control and proposed novel smoothing techniques. Unlike
traditional DRL methods prioritizing maximizing cumulative
rewards, which may lead to unstable vehicle control,
Professor Wu's team utilized loss functions to constrain
neural networks from making drastic changes. This
approach enhanced the continuity of sequential actions,
achieving smoother outputs in DRL models and greatly
enhancing autonomous miniature car stability. Additionally,
the team observed that smoother actions also accelerated
racing car speed. Tackling these challenges head-on, the
team developed effective and stable reinforcement learning
strategies to boost the completion rate of physical cars and
reduce lap times.

Professor Wu's team mentions that employing Deep
Reinforcement Learning (DRL) in autonomous miniature
racing cars typically involves extensive environmental
interaction to refine driving strategies over time. Due to the
difficulty of replicating precise real-world feedback, training
usually takes place in a simulated environment before

testing in the real world. However, simulators struggle to
accurately replicate the complex visual landscapes of reality,
which leads to performance degradation when models
are transferred from virtual to natural environments without
exposure to real-world imagery. To address this issue,
the team developed an image-based sim-to-real transfer
technique to mitigate performance losses during this
transition. Using the CycleGAN architecture, a generative
adversarial model, Professor Wu's team transformed
simulated images from a virtual style to a real-world style for
model training. They design loss functions to regulate the
neural network's action outputs, enhancing the continuity
of actions over consecutive time steps. This approach
facilitated the smoothing of DRL model output actions.
According to their tests, the success rate of completing a
lap without going off-track increased from a mere 42.8%
to nearly 100%, and lap times decreased from 22.03
seconds to 19.54 seconds, representing a comprehensive
enhancement.

In this era of technological advancement, we have
witnessed the potential of sim-to-real transfer technology.
This innovation not only improves autonomous miniature
car racing but also extends to various image-based deep
reinforcement learning models. By bridging the gap between
virtual and real worlds, this technology enhances the viability
of deep reinforcement learning in addressing real-world
challenges. Moreover, it facilitates the practical deployment
of reinforcement learning models across domains such as
robotics, robotic arms, and drones. Our college would like
to express profound appreciation to Professor I-Chen Wu
and his team for their diligent efforts and innovative thinking,
which have significantly contributed to the technological
development of Taiwan and the world. We eagerly anticipate
the research teams at Yang Ming Chiao Tung University
persisting in leveraging their forward-looking technology to
generate further positive outcomes worldwide. May they
illuminate Taiwan's path in autonomous driving technology,
enhancing convenience and safety in our lives, while
pioneering new frontiers in technology and innovation.
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