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Multimedia Meets Deep Reinforcement
Learning
Shu-Ching Chen , University of Missouri-Kansas City, Kansas City, MO, 64110, USA

Multimedia data analysis methods based on artificial intelligence and machine
learning have achieved great success in the past decades. However, it remains
challenging to generate automated decision-making based on the multimedia data
directly. Recent advances in deep reinforcement learning (DRL) have made it a
practical framework for solving various sequential decision-making problems.
However, it lacks the capability to be effectively used in real-world applications.
Multimedia data are useful sources of information to support reliable decision-
making. By incorporating DRL with multimedia content analysis, it is promising to
develop reliable and effective decision-making systems and frameworks for critical
applications, such as disaster management, autonomous driving, healthcare, and
so on. Hence, it creates the opportunities for the multimedia community to develop
novel techniques to address the existing challenges to further improve the usability
and performance of automated decision-making based on multimedia data.

M ultimedia integrates various types of
data modalities, including images, videos,
audios, texts, etc., to provide a powerful

tool to represent and digitalize contents and informa-
tion. In the past decades, many multimedia research-
ers have used artificial intelligence and machine
learning techniques to analyze and synthesize multi-
media data, trying to understand multimedia content
as human beings for various applications.1 However,
closing the gaps between multimedia content analy-
ses and decision making, especially for real-world
problems, remains challenging. On the other hand,
since AlphaGo achieved to beat the professional
human player of Go in 2015,2 deep reinforcement
learning (DRL) has become a new paradigm that suc-
ceeds in solving sequential decision-making problems.
While DRL was initially limited to perfect information
board games, such as Go, it has quickly evolved and
generalized to imperfect information board games,
such as poker,3 and even video games, such as Atari.4

DRL has begun to take multimedia data, such as vid-
eos, as inputs to guide the decision-making process
like humans. However, when multimedia meets DRL,

especially for real-world applications, there remain
many challenges to be addressed to leverage the rich
information contained in the multimedia data and
make successful and reliable decisions.

One of the most important challenges is to effec-
tively train the DRL models based on the multimedia
data collected from complex environments. To tackle
this problem, self-play mechanisms, agent branching
methods, and regret minimization have been pro-
posed to enable efficient DRL training without human
interventions for games, such as Minecraft and Star-
Craft.5–7 By incorporating these DRL techniques, many
multimedia applications have recently achieved the
state-of-the-art performance, including keyframe
selection,8 low-light image enhancement,9 video anal-
ysis,10 and so on. However, they rely on large-scale
curated datasets or the virtual game environment
that can simulate massive numbers of samples.

For critical applications, such as disaster manage-
ment and healthcare, generating samples could
potentially put people’s lives at risk. Thus, developing
a realistic simulator becomes important to the DRL
training for these real-world applications. For example,
a healthcare information processing system has been
recently proposed to recommend the intervention
strategy, where a DNN-based simulator is built to facil-
itate DRL training based on multimedia data.11 Simi-
larly, simulators based on the game engine have
also been widely used in the autonomous driving
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industry.12 However, how to ensure the reliability of
the produced decisions remains challenging for the
existing systems. Further research in effective multi-
media information extraction and reliable decision-
making should be conducted.

On the other hand, it is critical to transfer the
knowledge and generalize the existing models. While
variants of policy distillation and network adaptation
methods13–15 have been proposed to transfer knowl-
edge between DRL models for new environments
and problems, these methods are usually specific to
the DRL frameworks and types of problem formula-
tion. More general and flexible ways, which can
work for various models and multimedia data, are
under study.

Meanwhile, in many applications, it is necessary for
automated agents to collaborate with other auto-
mated and human agents to accomplish the tasks.
This requires DRL to work in a multiagent environment
and take human factors into consideration based on
the multimedia data inputs. DRL models have shown
superior performance in cooperating with other auto-
mated agents to play video games, such as Multiplayer
Online Battle Arena.16 However, when it comes to
human agents, aligning the target and intentions
becomes a much more difficult task. Recently, Peschi
et al. proposed amultiobjective reinforced active learn-
ing framework to help the model understand social
norms and human intentions.17 Lv et al. proposed to
utilize user interaction to guide the training of the DRL
model and learn the personalized image aesthetic
accordingly.18 These models are all designated for spe-
cific applications, and thus more generalizable DRL
methods for interacting with humans based on multi-
media data inputs should be investigated.

DRL technique is a promising approach to bridge
the gaps between analyzing multimedia data and mak-
ing decisions for real-world applications upon data.
Many opportunities are open for the multimedia com-
munity to build multimedia frameworks and systems to
support important decision making for various real-
world problems. However, there remain many existing
and emerging challenges and technical problems to be
addressed to develop the DRL model effectively and
efficiently, which calls for the need for continuous
research efforts whenmultimedia meets DRL.
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