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Multimedia streaming refers to content such
as audio and video that are delivered and
consumed in a continuous manner. The

source of the streamed multimedia content might be
from one source as in “live” streaming or from a single
streaming server. On-demand streaming could poten-
tially involve multiple sources as in peer-to-peer stream-
ing and content delivery networks. This multimedia
streaming process goes through several steps during
transmission.1

1) Source coding: This step compresses the data
by removing temporal and spatial redundancies.

2) Channel coding: This step is for (wired/wireless)
network transmission to handle communica-
tion errors (including packet losses) as well as
to address security.

3) Modulation: This step is for improving the through-
put while making the bitstream more resilient to
errors and erasures.

4) Scheduling: Multimedia content, being large in
size, is packetized for network delivery. Appropri-
ate real-time scheduling of packets is needed to
ensure continuous delivery of the streamed multi-
media data.

5) Routing: Routing of the packets in an optimal
manner ensures their delivery in time for the cli-
ent to consume the multimedia content with-
out interruptions.

6) Caching/buffering: As the streamed packets
travel through the Internet, the information
might be cached/buffered at intermediate nodes
depending on both the type of content and the
associated policies.

On the receiving side, the client follows the reverse
procedure before playing it to the user: decoding
the channel, sequencing the packets received, and
decompressing/decoding the multimedia content. There
is also feedback from the client to the source(s)

regarding the client’s status. This feedback information
could involve not only network (TCP/IP)-level data such
as congestion parameters but also user-level informa-
tion such as quality of experience (QoE) in general and
point of view (PoV) in cases such as mixed-reality
streaming. QoE is a subjective indicator with influential
factors comprising human perception, system (includ-
ing displays and the Internet service), multimedia con-
tent, and context (such as purpose and task).

Deep learning algorithms have the ability to improve
the above steps in the multimedia streaming process.
For the latest versatile video coding (VVC) H.266 stan-
dard, a multistage early termination convolutional neu-
ral network (MET-CNN) model has been proposed for
motion prediction of coding units (CUs) and sub-CUs
while greatly reducing the execution time.6 Experimen-
tal results show that MET-CNN can completely replace
the complex rate-distortion optimization process and
reduce the encoding time by more than 49%. For
source coding, Tung and G€und€uz7 describe a deep
learning-based strategy for end-to-end joint source-
channel coding to directly map H.264/H.265 video to
channel symbols, combining video compression, channel
coding, and modulation steps into a single neural
transform. Forward error correction (FEC) is a strategy
used to recover the packets lost during multimedia
streaming, but the additional bandwidth consumption
is also a concern. Lu et al.10 introduced RL-AFEC, an
adaptive FEC scheme based on reinforcement learning
(RL) to improve reconstructed video quality in the
presence of packet loss while minimizing bandwidth
consumption for different network conditions.

Routing strategies typically focused on leveraging
deep learning techniques for ensuring network QoS.
For instance, Al-Jawad et al.3 proposed a LearnSDN
framework that utilized RL to decide the most suit-
able routing algorithm when delivering video content
over 5G networks to ensure QoS. To accomplish this,
LearnSDN learns the most convenient routing algo-
rithm to be deployed for the background traffic given
the existing dynamic network conditions. Multimedia
content delivery demands significant resources at vari-
ous levels, and this resource allocation requires a
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comprehensive view of the workload requirements. In
Khudhur and Jeiad,2 LSDStrategy is proposed to ana-
lyze the received multimedia stream based on its
binary content using ML techniques with artificial and
real datasets and derive the corresponding resource
requirements. Mobile-edge computing (MEC) aims to
reduce latency by reducing the need for end-to-end
communication between client and remote cloud serv-
ers. This is done by facilitating storage and processing
of video content (e.g., caching, transcoding, and pre-
processing) at the base stations. Khan et al.5 provide a
detailed overview of the state-of-the-art in MEC includ-
ing the use of artificial intelligence (i.e., ML, deep learn-
ing, and RL) in MEC-assisted video streaming services.

Understanding QoE in multimedia streaming and
using the QoE for managing system resources (such as
network QoS) is really important. Kougioumtzidis et al.4

provide a detailed survey of significant quality metrics
for QoE assessment and ML-based QoE prediction
models for the goal of QoE management. Quality of live
video is often limited by the streamer’s uplink network
bandwidth. Neural-enhanced live streaming is used to
address this issue by enhancing the video quality using
neural super-resolution at the server side.11 Personali-
zation of QoE is another important aspect that needs
to be considered during multimedia streaming. A meta-
learning (using the long-short term memory model as a
building block) is used in Lu et al.9 into 360� video
streaming services to capture the heterogeneous pref-
erences among viewers to quickly adapt to new viewer
preferences that have proven to improve the QoE of
viewers. Barakabitze and Hines8 summarize multiple
state-of-the-art approaches to QoE management using
software-defined networks, including traffic rerouting
to improve the received quality at the end user, using
MultiPath Transport Control Protocol to improve
the aggregate system throughput and QoE of the
video streaming client, eliminating streaming perfor-
mance problems in dynamic adaptive streaming
(DASH) by utilizing a server and network-assisted
DASH (SAND) approach, and personalized QoE-centric
control mechanisms.

Deep ML algorithms and techniques are being
widely deployed to improve the performance and effi-
ciency of various steps comprising multimedia stream-
ing pipelines. As the demands increase for variety and
versatility of multimedia streaming addressing new
content capture and display technologies, continuous
research will be needed to adopt the advances in deep
learning to further the advances in multimedia stream-
ing. For instance, Barakabitze and Hines12 identify
possible approaches such as quantum ML (quantum
computing þ ML) to accelerate the learning of all

transactions occurring at the 6G network’s edge
and new paradigms of internetworking including new
human–machine interaction network and blockchain
resource management.
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