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Multimedia data analysis is at the heart of multimedia research, where the
patterns, information, and knowledge are mined and recognized from the
multimedia data for various applications. We have witnessed significant
performance improvements in multimedia data analysis driven by the recent
advances in artificial intelligence and deep learning. While most of the existing
methods focus on analyzing unimodal data, many novel multimodal multimedia
data analysis techniques have also been developed and achieved better
performance than those using unimodal data. Multimodal multimedia data has
proven to be effective to improve the performance and reliability of data analysis
systems and applications. It is also important to match and retrieve data with
similar contents across modalities. However, due to the highly complex nature of
multimodal multimedia data, further research in multimodal multimedia data
analysis is needed to address the challenges including missing modalities, lack of
benchmark datasets, and so on.

Multimedia data analysis aims to recognize,
mine, and extract patterns, information,
and knowledge from the multimedia data

using computational methods and is one of the most
important directions in multimedia research. Due to
the recent advances in artificial intelligence and deep
learning, multimedia data analysis algorithms have
been able to achieve the same or even better perfor-
mance than human beings in many critical applica-
tions.1 Most of the current algorithms and models
process and analyze unimodal data while multimedia
data such as videos can be naturally considered as
multimodal data, which contains visual, auditory, and
textual information. It has been shown that integrat-
ing multiple modalities of multimedia data is beneficial
to understanding the semantics and extracting knowl-
edge from the data.2 Meanwhile, additional modalities
can also be derived from and fused with the original
multimedia data to enhance the recognition of spe-
cific aspects in the data. For example, optical flow is
commonly used to improve the understanding of
motions in the videos and the fusion of optical flow

and raw visual streams can enhance the performance
of video-based action recognition significantly.3

In addition to the natural cooccurrence of multiple
modalities in multimedia data, multimodal data have
become more popular due to the increased availability
and accessibility of the advanced sensor technologies.
Multiple heterogeneous sensors have been deployed
to collect synchronized multimodal data. For example,
it is common to deploy both camera and LiDAR sen-
sors simultaneously on the autonomous driving cars.
Recent studies have shown that multimodal multime-
dia data analysis can be key to enhancing the model
performance and building robust and reliable systems
for many critical applications like intelligent health-
care,4 autonomous driving,5 and so on, where comple-
mentary information carried by the data of various
modalities could be integrated to improve the under-
standing about the situations and avoid the misinter-
pretations of a sole modality. To this end, attention
architectures6,7 and subspace analysis8 have been
proposed to effectively fuse information from various
modalities to extract knowledge from the multimodal
multimedia data.

While multimodal multimedia data fusion techni-
ques explore the complementary information among
all the modalities, another important problem in multi-
modal multimedia data analysis is to learn the joint

1070-986X � 2021 IEEE
Digital Object Identifier 10.1109/MMUL.2021.3104911
Date of current version 14 September 2021.

July-September 2021 Published by the IEEE Computer Society IEEE MultiMedia 5

https://orcid.org/0000-0001-9209-390X
https://orcid.org/0000-0001-9209-390X
https://orcid.org/0000-0001-9209-390X
https://orcid.org/0000-0001-9209-390X
https://orcid.org/0000-0001-9209-390X


representations that reflect semantic and content
similarity across modalities. Such joint representa-
tions are critical for matching information from differ-
ent modalities and can be leveraged in cross-modal
retrieval tasks such as ad hoc video search9 and visual
text comprehension.10 Deep neural network models
are trained with representation learning or contrastive
learning strategies10, 11 to ensure that the representa-
tions of data with similar semantic meaning to be
close to each other regardless of the modalities.

Most of the multimodal multimedia data analysis
techniques assume that all the modalities are present
simultaneously. However, it is common that some sen-
sors fail to operate, or some modalities are missing in
practice. Therefore, it is important to allow the modal
to handle missing modalities. The generative models12

and joint representations13 have been leveraged to
tackle missing modalities in the testing data. Recently,
Ma et al. proposed the SMIL algorithms to allow for
missing modalities among training data to further
enhance the feasibility of multimodal multimedia data
analysis.14 However, the performance degradation for
data with missing modalities remains significant. Fur-
ther research to improve the model performance
when modalities are missing should be conducted.

Another challenge in multimodal multimedia data
analysis is the lack of large-scale benchmark datasets,
which limits the proper comparisons among various
multimodal multimedia data analysis techniques and
the monitoring of their advancements. Recently, many
high-quality multimodal datasets have been devel-
oped and released to address the problem.5,15,16 How-
ever, large-scale public benchmark datasets remain
missing for many critical applications of multimodal
multimedia data analysis. Moreover, it is more costly
to build such multimodal multimedia datasets since
all the modalities are required to be properly synchro-
nized during data collection and the annotations and
labels will need to be generated based on all the
modalities. To mitigate this problem, advanced tools
for multimodal data acquisition and annotations
should be developed.

Multimodal data have proven to be effective to
enhance the performance and reliability of multime-
dia data analysis for various applications. Many novel
techniques in multimodal multimedia data analysis
have been proposed to effectively fuse data of vari-
ous modalities. However, more research is still
needed to address the challenges such as missing
modalities and building large-scale multimodal data-
set, which can further improve the feasibility and
usability of multimodal multimedia data analysis in
various applications.
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