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DESCRIPTION
The widespread application of frontier technologies such as
artificial intelligence and big data has made biological
information-based research more sophisticated, and the value of
capitalizing on frontier technologies in medical treatment has
grown day by day. For example, combining human and machine
intelligence can provide rapid and accurate clinical
interpretation of images at the molecular level of health, as well
as big data analysis and precision medicine. In-depth integration
of artificial intelligence and biomedical information has the
potential to alter humanity's future. Deep learning is currently
widely used in biomedical data analysis, providing a viable path
for the development of biomedical big data with robotic systems
[1]. Deep learning extracts abstract features from complex raw
data using an unsupervised learning process and a multilayer
structure. When there are multiple data sets in the same research
question, deep learning can extract different features for
different data sets with machine intelligence [2]. We can capture
the effective common features of the research question by using
multiple data sets at the same time. Deep learning's automatic
feature extraction has excellent rapid generalization ability,
which reduces feature extraction costs while improving
classification effect, providing a way to break through the
bottleneck of big data analysis with robotics [3]. Biological data
are complex and dynamic, with numerous features and
dimensions. Deep learning in the biological field requires the
fusion and full use of multimodal information, collaborative use
of data, images, signals, and electronic records, combined with
deep learning technologies dedicated to the biological field that
can not only effectively avoid the defects of single-modal data
experiments, but also conduct biological data analysis quickly
and efficiently. However, when deep learning is applied to
biomedical data analysis, some issues may arise. The deep
learning training process is difficult to analyse. It is frequently
difficult to find an explanation for a model's failure on a specific
data set and to explain the intermediate training process for a
successfully trained model. Many scenarios, such as personalized
medical scenarios and single-cell sequence data, are still small
data in the big data era. As a result, the development of deep

learning models suitable for small sample learning will be a
future trend. Deep learning models are currently supervised
learning models, and biological data is frequently difficult to
label with swarm communications [4]. Deep learning models for
weakly supervised learning are also required for data with fewer
sample labels or incorrect sample labels.

Biomedical data is becoming more multimodal, capturing the
underlying complex relationships between biological processes.
Data fusion strategies based on deep learning are a popular
approach for modelling these nonlinear relationships [5]. As a
result, we will review the current state-of-the-art of such methods
and propose a detailed taxonomy that will allow for more
informed choices of fusion strategies for biomedical applications,
as well as research on novel methods. As a result, we discover
that deep fusion strategies frequently outperform uni model and
shallow approaches. Furthermore, the proposed subcategories of
fusion strategies have different benefits and drawbacks. A review
of current methods revealed that joint representation learning is
the preferred approach, particularly for intermediate fusion
strategies, because it effectively models the complex interactions
of different levels of biological organization. Finally, we note that
gradual fusion is a promising future research path based on prior
biological knowledge or search strategies. Similarly, using
transfer learning to overcome the sample size limitations of
multimodal data sets could be beneficial. The massive amount of
unlabelled data is one of the main issues that most biomedical
applications face. Manually analyzing and classifying massive
databases by human experts is mostly impossible, having only
been done in limited circumstances (still extremely time-
consuming) for simple signatures easily recognized by an expert.
In this regard, medical experts face two difficult problems: how
to select the most significant data for labelling, and what is the
smallest size of the data set - but sufficient to define each
pathology to perform classifier training.
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