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Abstract—The recent integration of deep learning with Seman-
tic Communications (SC) has led to innovative advancements in
the field of communication. In this survey paper, we extensively
illuminate the research trends in SC systems that utilize deep
learning, covering various single-modal data sources such as
texts, images and videos, as well as multi-modal data sources.
Through this, we provide a comprehensive understanding of how
deep learning-based SC systems are rapidly advancing and how
the current states and prospects of this technology are shaping
up. This paper offers essential knowledge and information
for researchers to grasp the technological developments and
significance in this field and explore new research directions.

Index Terms—Semantic communications, deep learning, multi-
modal data, multi-task semantic communication

I. INTRODUCTION

In recent years, advanced technologies have been rapidly
evolving to enhance the performance and reliability of com-
munications systems. At the core of these advancements lies
research into deep learning, particularly Semantic Communi-
cations (SC) systems. SC systems are centered around efficient
communication based on the meaning or content of data,
offering a different approach from conventional communica-
tion methods. The introduction of deep learning has made a
significant contribution to improving the performance of such
SC systems.

The backdrop of this research involves the interplay between
deep learning and SC systems and their importance. Deep
learning-based models possess the capability for complex
pattern recognition and data processing, which can greatly en-
hance the efficiency and accuracy of SC systems. In particular,
the approach using deep learning for various data types and
sources is gaining prominence.

In this survey paper, we will delve deeply into the research
trends of SC systems utilizing deep learning, spanning from
single-modal data sources such as texts, images and videos to
the processing of various data sources simultaneously in multi-
modal contexts. Through this exploration, a comprehensive
understanding can be gained regarding the status and prospects
of Semantic Communications and the contributions and pos-
sibilities presented by deep learning.

The primary goal of this paper is to assist researchers
in gaining insight into the technological advancements and
significance of deep learning-based SC systems, enabling them
to explore new research directions and application areas.

II. LITERATURE REVIEW

A. Text Transmission

In [1], the authors proposed DeepSC, a deep learning-
based Semantic Communication (SC) system. This system
consists of a transmitter with a semantic encoder for extracting
semantic features from the text to be transmitted and a channel
encoder for generating symbols for transmission as shown in
Fig.1. The receiver comprises a channel decoder for symbol
detection and a semantic decoder for text estimation. The
system is trained using a loss function that considers sentence
similarity and mutual information. The performance of the pro-
posed system is evaluated using BLEU scores, which measure
the similarity between the transmitted and received text. The
authors specially found that under low SNR (Signal-to-Noise
Ratio) conditions, the proposed system outperforms traditional
methos and other deep learning-based networks in terms of
BLEU scores. In [2], the research addresses various challenges

Fig. 1. The framework of proposed semantic communication system [1]

associated with implementing a deep learning modal-based
Semantic Communication (SC) system in IoT networks. These
challenges include high latency when deploying deep learning
models over limited bandwidth, the need for accurate data
transmission in IoT networks, and the high latency and power
consumption on IoT devices due to the excessive parameteri-
zation of deep learning models.

The authors propose L-DeepSC, a lightweight distributed
SC system that jointly optimizes the receiver and feature
extraction network. This system is text-based and aims to
address these challenges. To mitigate the effects of fading
channels, a refined minimum mean square estimator is em-
ployed. Additionally, to enable cost-effective data transmission
and reception on devices with capacity constraints, finite-bit
constellations are designed. To reduce the size of deep learning
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models, the authors propose model compression algorithms,
including network sparsity and quantization.

This research seeks to make deep learning-based SC sys-
tems more practical and efficient in the context of IoT net-
works, by addressing these critical challenges.

B. Image Transmission

In [3], the author discusses an SC system related to image
transmission, with two primary objectives: image reconstruc-
tion and task performance improvement. To evaluate these
objectives, they use the PSNR (Peak Signal-to-Noise Ratio)
metric for assessing image reconstruction and accuracy metrics
for evaluating task performance.

A key aspect of the research in [3] is the comparison of
performance based on compression ratio (CR). This is essential
for understanding the impact of the compression ratio on the
balance between task performance and image reconstruction,
and for determining the most effective compression ratios
for various tasks and datasets. However, this system faces
the problem of distribution shift, where the distribution of
observed data during inference differs from the empirical
data used to train the system. To address this, the author
Zhang propose a domain adaptation approach by adding a
data adaptation network to the existing SC system. This
allows the proposed system to adapt to observable datasets
while maintaining high performance in data recovery and task
execution aspects.

Therefore, the research in [3] contributes to the industry and
academia by examining the impact of compression ratios on
the balance between task performance and image reconstruc-
tion in SC systems. By comparing performance across various
compression ratios, the research provides insights into how
compression ratios affect this balance. Additionally, it helps
determine the most effective compression ratios for various
image-related tasks and datasets. This understanding is crucial
for optimizing the performance of SC systems.

C. Speech Transmission

In [4], DeepSC-ST is introduced, a novel semantic com-
munication system for speech transmission that utilizes deep
learning. The system executes speech recognition and syn-
thesis as the transmission tasks, respectively. Before recov-
ering text, a joint semantic-channel encoder extracts speech
recognition-related semantic features for transmission. Conse-
quently, text recovery is enabled at the receiving end based
on the received semantic data. This approach significantly
decreases data transmission requirements without compromis-
ing performance. Within a neural network module, speech
synthesis occurs at the end of the receiver by utilizing the
recognized text and the speaker information. A robust model
is identified to enable the DeepSC-ST in different channel
conditions or environments. The simulation results of [4] show
that DeepSC-ST surpasses conventional and existing deep
learning-based communication systems, especially in scenarios
with low signal-to-noise ratio (SNR). Finally, software, a

proof-of-concept for DeepSC-ST, is developed to display its
practical application.

D. Video Transmission

An innovative approach designed to revolutionize end-to-
end video transmission on wireless communications channels
is introduced in [5]. Nonlinear transformations and conditional
strategies are merged by the proposed unique procedures to
adaptively extract semantic characteristics over video frames.
Moreover, the semantic features domain representations are
conveyed across wireless channels by deep joint source-
channel coding. The authors entitled to this comprehensive
framework as deep video semantics transmission (DVST).

To leverage temporal context through the features domain
is the robustness tip of this paper. The effectively progress
modifying nonlinear transformation function takes advantage
of this temporal context, generating with strong and exact
entropy model. An inventive rate versatile transmission mecha-
nism by guiding the transmission of each current frame. And it
can tailor deep joint source-channel coding for video sources.
By learning this procedure, the optimal channel within video
frames can be allocated, thus the maximum result can be over
from all transmission performance.

In this paper, the optimization problem is to reduce the
rate-distortion performance of end-to-end transmission rate
while reflecting on considering perceptual quality metrics or
machine vision task performance metrics. The proposed exten-
sive experiments proved DVST’s superiority over conventional
wireless video coding transmission schemes by crossing a
broad spectrum of standard video source test sequences and
diverse communication scenarios. The upcoming semantic
communication can be reinforced by the suggested DVST
framework with its video content-aware and machine vision
task integration abilities. In [6], a novel approach to seman-
tic video conferencing (SVC) is presented, leveraging key
point transmission to achieve a remarkable reduction in the
demand for transmission resources. The central innovation lies
in the handling of transmission errors within SVC. Unlike
conventional methods where errors directly impact individual
pixels and degrade image quality, SVC primarily experiences
changes in expressions when errors occur, preserving the
overall image quality.

One notable challenge addressed in this research is the
accurate detection of expression changes resulting from trans-
mission errors. Conventional error detection methods, such
as cyclic redundancy checks, often fall short in precisely
reflecting the degree of expression changes withing the trans-
mitted video data.To overcome this limitation, the authors
introduce a groundbreaking solution called the “incremental
redundancy hybrid automatic repeat-request framework for
varying channels” (SVC-HARQ). SVC-HARQ is designed
with flexibility in mind, allowing for optimized bit consump-
tion and demonstrated strong performance in error correction
and data recovery.

Furthermore, the paper introduces the concept of SVC-
channel state information (CSI). This CSI feedback mech-
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anism is carefully designed to enhance the allocation of
key point transmission within the SVC system, ultimately
leading to a significant improvement in the system’s overall
performance.

The efficiency of this wireless semantic communication
system is supported by simulation results, which unequivocally
demonstrate that the proposed approach significantly enhances
the efficiency of video transmission, making it a promising
advancement in the field of video conferencing and wireless
communication.

E. Multi Modal Data Transmission

In [7], the research focuses on the efficiency of Seman-
tic Communications (SC) for multitask scenarios. The pro-
posed model demonstrates excellent performance in low SNR
(Signal-to-Noise Ratio) conditions and exhibits significant
reductions in transmission overhead and model size when
compared to task-specific models designed for specific tasks.
The paper explores the importance of SC for various data
types, including images, text, and videos. It emphasizes the
ability to identify rich features in crucial task-specific patches
using a dynamic channel encoder. It was observed that patches
in the central part of images are more likely to be preserved.
For text, it confirmed that important words, such as emotional
words, are more likely to be preserved in text classification
tasks.

Various datasets, such as CIFAR-10, SST-2, VQAv2, MO-
SEI, were used in the research. Based on these datasets, the
proposed Feature Selection Mechanism (FSM) is demonstrated
to be effective compared to random selection strategies. This
research provides a deep understanding of Semantic Com-
munication and explores effective SC methods for various
data types and tasks. And also, a novel solution called Uni-
fied Deep Learning-enabled Semantic Communication Sys-
tem (U-DeepSC) is introduced in this paper. To coherently
handle multiple tasks and diverse data modalities within a
single end-to-end system, this unified framework is designed.
The implementation of vector-wise dynamic scheme is the
main creation in U-DeepSC which allows to support the
requirement of different tasks for adjusting the transmitted
symbols number. Moreover, this novel can adapt to varying
channel conditions, ensuring optimal transmission efficiency.
To evaluate the significance of feature vectors, a lightweight
feature selection model (FSM) is developed and enables the
hierarchical removal of redundant vectors and significantly
expediting the inference process.

This system uses a unified code-book for feature repre-
sentation, serving multiple tasks efficiently for minimizing
transmission overhead. For decreasing the overall data load,
only task-specific features within the codebook are transmitted.
While offering substantial reductions in both transmission
overhead and model size, simulation results confirm that U-
DeepSC achieves performance comparable to task-specific
semantic communication systems tailored for specific tasks.
This novel approach promising in enhancing the efficiency and
flexibility of task-oriented semantic communication systems.

In [8], the novel scheme channel-level information fusion
is proposed to challenge multi-user semantic communica-
tion. Especially, the unique features of signal transmission
in wireless communications channels are considered by the
approach of this paper. In the fusion of multi-modal data,
wireless channels are regarded as mediums by leveraging
the authors propose at the end of receiver in comparing
with conventional signal processing techniques. To reduce the
inherent randomness and variability due to wireless channels
during the fusion process, semantic pre-coding is also provided
in this paper. To confirm the efficacy of this fusion scheme,
a comprehensive case learning is proposed that displays the
practical benefits. In the field of multi-user communication, a
thoughtful discussion remains and challenges. Towards more
efficient and intelligent communication systems, the provided
challenges represent exciting opportunities for the upcoming
research and development in this domain.

III. CONCLUSION

The innovation in digital communication has been greatly
accelerated through the fusion of Semantic Communication
(SC) systems and deep learning. In this survey paper, we
have meticulously illuminated the latest research trends in SC
systems utilizing deep learning, ranging from single-modal
data sources such as text and images to multi-modal data
sources.

Through our investigation, we have confirmed that deep
learning-based SC systems play a crucial role in significantly
enhancing the efficiency and accuracy of communication. The
flexible processing capabilities, particularly for diverse data
sources, have proven to be a key advantage derived from the
integration of deep learning into SC systems.

However, it is essential to emphasize that the fusion of deep
learning and SC systems is still in its early stages, and ongoing
research and technological developments are necessary to
further improve efficiency and performance. Such research and
technological advancements are expected to greatly contribute
to the establishment of more advanced communication sys-
tems.

Finally, we hope that this paper serves as a valuable refer-
ence for researchers and developers in this field, allowing them
to grasp the current technological trends and set directions for
future research and development. The fusion of deep learning
and SC systems holds the potential to significantly reshape the
future of communication technology, and we eagerly anticipate
the continued research and development in this exciting field.
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