
Multimedia
Deep Learning

Shu-Ching Chen
Florida International University

Abstract—By achieving breakthrough results on domains such as speech recognition,

natural language processing, and computer vision, it is no surprise that deep neural

networks are receiving a lot of attention these days. Specifically in the field of multimedia

data analysis, there is a tremendous amount of multimedia big data that is being

generated every day. Deep learning has the potential to overcome the issue of multimedia

data havingmassive and heterogeneous characteristics that make it a challenge to store

and analyze the data. This can be accomplished by allowing computers to easily and

automatically extract features from unstructured data without the need to rely on human

intervention. Although recent multimedia deep learningmethods have achieved some

remarkable results, deep learning challenges such as interpretability and generalization

still make it difficult to be fit for critical decision-making tasks from fields such as

medicine and defense.

& WITH THE ADVENT of social networks and new

mobile technologies, a tremendous amount of

multimedia data (also referred to as multimedia

big data) is generated day to day. This explosion

ofmultimedia data, including video, image, audio,

and text, has provided numerous opportunities

in various applications, such as healthcare, edu-

cation, environment, and automotive industry.

However, it is difficult to collect, store, process,

and manage such massive and diverse data effec-

tively. Due to these challenges and opportunities,

multimedia big data analytics has become a

demanding research topic and attracted signifi-

cant attention in the multimedia community.1

In recent years, deep learning (DL) has been

successfully explored in various multimedia app-

lications such as natural language processing,

visual data analytics, and speech recognition.2 DL

takes inspiration from the field of neuroscience,

building neural networks structured in a way that

resembles the brain. It is a subset of a broader

field known asmachine learning whose purpose is

to automatically learn data representations. Con-

sidering multimedia data are characterized as

large, unstructured, and heterogeneous, DL has

the potential to overcome these issues by
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allowing computers to easily and automatically

extract features from unstructured data without

the need to rely on human intervention.3 How-

ever, there are still several critical questions in

multimedia DL that researchers are trying to

answer: 1) how to handle multimedia big data effi-

ciently; 2) how to utilize various data modalities

using DL; and 3) how to gain insights and under-

stand the decision-making process fromdeep neu-

ral networks.

The first challenge refers to the big amounts of

data; despite the great success of DL, it is still highly

dependent on large-scale labeled datasets. Provid-

ing such datasets is laborious and time-consuming.

Transfer learning4,5 and generative adversarial net-

works6 have been proposed in the recent few years

to alleviate this problem. In addition, unsupervised

ML algorithms, such as deep reinforcement learn-

ing and variational autoencoders, have become

more prominent these days.2 Once the dataset is in

hand, training deep neural networks may require

days on powerful CPU and GPU clusters. To over-

come this issue, many researchers have focused on

parallel and scalable DLmodels.2 Some researchers

have also shifted the focus to build low-power DL

models or to utilize DL accelerators using field-pro-

grammable gate array (FPGA).7 Yet, big data and

computational efficiency are major challenges in

multimedia DL.

Moreover, traditional DL architectures have

mostly worked on developing solutions with a

focus on single modalities (e.g., text, image, or

audio). Convolutional neural network (CNN)

architectures have, for the most part, been

used for visual feature extraction and word

embedding models for textual analysis. In the

study known as multimodal learning, DL frame-

works must analyze all information extracted

from different data modalities and find the

underlying logical connections between them.

By leveraging the knowledge acquired from dif-

ferent data sources, models can make decisions

that are more precise. Thus, most proposed tech-

niques rely on fusion techniques to integrate

information from various input modalities. How-

ever, creating effective integrations to generate a

common representation between different data

types is a major challenge. The fusion approach

must find the best alignment between long-range

dependencies while exploiting the complemen-

tarity and redundancy of multiple modalities to

create common representations between multi-

modal data.

Another main challenge in this area is DL

interpretability. With enough training samples,

deep neural networks will discover features that

are too complicated for a human to understand.

Therefore, the inner workings of a neural net-

work are often referred to as a blackbox. Critical

decision-making tasks require a clear insight

into the steps that led the neural network to a

certain solution. Hence, this reasoning capability

is typically most vital in the fields that involve

medicine and defense. For instance, medical

image analysis comes in a combination of multi-

ple image modalities such as magnetic reso-

nance imaging (MRI) and computed tomography

(CT) scan. Interpreting features generated from

medical imaging is a major challenge, consider-

ing it requires the validation from highly trained

human experts.8,9

In summary, despite the early achievements of

utilizing DL in multimedia applications, there still

exist several critical challenges that require more

attention in future studies. Nonetheless, with the

rapid improvements in computing power, as well

as the advent of novel algorithms and techniques

in this area, multimedia DL offers new opportu-

nities that were not possible before.

I hope you enjoy reading the articles in this

issue. You are welcome to submit your work to

IEEE MultiMedia.
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