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Abstract

With the rapid development of 5G communication technology, people's research
and exploration of 6G communication have begun. The goal of 6G communication
is to achieve higher data rates, lower latency, and wider connectivity ability, which
will further promote the development and application of communication technol-
ogy. However, with the rapid development of wireless communication, existing
spectrum resources have become strained, requiring finding new spectrum re-
sources to support higher data rates and more connected devices. To meet these
requirements, the communication-sensing integrated architecture becomes one of
the key technologies, and it also becomes a complex problem. This paper aims to
introduce the research progress of communication and sensing integration architec-

ture and key technologies for 6G, including sensing networks, data fusion, intelli-
gent decision-making, and so on, and to look forward to the future development
direction. These studies and explorations will also provide support and help for the
development of 6G communication to a certain extent, and promote the further de-
velopment of communication technology.
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With the rapid development of technologies such as the Internet of Things, artificial intelligence, and big data, peo-
ple's demands and expectations for the next generation of communication technology 6G are increasing. 6G commu-
nication aims to provide higher data rates, lower latency, and wider connectivity to meet the needs of future smart
transportation, smart cities, telemedicine, and other application scenarios. To achieve these goals, a communication-
aware integrated architecture is considered as one of the key technologies. The integrated architecture of communi-
cation perception integrates functions such as perception, data fusion, and intelligent decision-making to achieve
global optimization and intelligent decision-making, thus improving network performance and user experience.

1. An overview of the integrated architecture

1.1 Features and challenges of 16 G communication

With the commercialization of 5G communication, people's research and exploration of 6G communication has be-
gun.6G communication is characterized by a higher data rate, lower latency, and wider connectivity capabilities.
However, achieving these goals addresses many challenges. 6G communication will involve a variety of network
technologies and equipment, such as cellular networks, satellite communication, the Internet of Things, etc. How to
achieve the seamless connection and collaborative work between these heterogeneous networks is a complex problem.
With the accelerated development of digitalization, a large number of devices need to be connected to the 6G network.
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How to effectively manage and schedule these devices to ensure the reliability and performance of the network is a
key problem. At the same time, energy consumption becomes an important issue [1].

6G communication needs to explore new energy management strategies and technologies to reduce the energy
consumption of communication equipment and achieve more sustainable communication networks. To address these
challenges, a communication-aware integrated architecture has been proposed and attracted much attention. This
architecture integrates functions such as perception, data fusion, and intelligent decision-making, obtains information
about environment and network status through the network perception, integrates and analyzes data from different
sources by using data fusion technology, and finally realizes optimal allocation of resources and adaptive network
management of networks through intelligent decision-making. The application of communication perception integra-
tion will help to improve the intelligence and adaptability of the network to meet the requirements of 6G communi-
cation.

1.2 Concept and significance of communication perception integration

Communication and perception integration refers to the integration of functions such as perception, data fusion, and
intelligent decision-making together to form a whole architecture. Under this architecture, the sensing network ob-
tains information about the environment and network status through sensors and other devices. Data fusion technol-
ogy integrates and analyzes data from different sources, and intelligent decision-making uses this information to
optimize the allocation of resources and network management. The significance of the integration of communication
perception is to improve the intelligence and adaptability of the network so that the network can better adapt to the
complex and dynamic environmental changes, and provide better user experience and service quality. The environ-
mental information obtained through the perceptual network can help the network to perceive and understand differ-
ent scenarios and needs, thus in more accurate decision-making and resource allocation. Data fusion technology can
integrate and analyze data from different sources, extract more comprehensive and accurate information, and provide
a more reliable basis for network decision-making. Intelligent decision-making can automatically manage and sched-
ule the network according to the results of perception and data fusion, and optimize the utilization of resources and
network performance.

Communication perception integration has a wide range of application fields, including wireless communication
networks, the Internet of Things, intelligent transportation, smart cities, etc. In the wireless communication network,
communication perception integration can help the network to better adapt to different communication environments
and user needs, and provide a higher data rate and more reliable connection. In the Internet of Things, the integration
of communication perception can realize the intelligent perception and management of the Internet of Things devices
and the environment, and improve the efficiency and reliability of the Internet of Things. In the field of intelligent
transportation and smart cities, the integration of communication and perception can obtain information of traffic and
urban environment through perception and integration, and realize the optimal allocation of intelligent traffic man-
agement and urban resources [2].

1.3 Basic components of the integrated architecture

The integrated architecture of communication perception integrates the three basic components of perception network,
data fusion, and intelligent decision-making together, realizing the perception of the environment and network state,
the integrated analysis of data, and the optimal configuration and network management of intelligent decision-making.
Each component plays an important role in the integrated architecture, working together to improve the intelligence
and adaptability of the network. The perceptual network is the foundation of the integrated architecture of communi-
cation perception, which is responsible for acquiring information about the environment and network status. It in-
cludes a variety of sensors, detectors, and monitoring equipment, using sensing technology to collect and transmit
data in real time. These sensing devices can include temperature sensors, humidity sensors, light sensors, wireless
signal detectors, etc., which are used to obtain environmental parameters, network topology, signal quality, and other
information. The data fusion module is a key component of the communication-sensing integration architecture for
integrating and analyzing data from different sources. It uses data processing and algorithm technology to process,
fuse, and analyze various data acquired by the perceptual network and extract useful information. Data fusion can be
either sensor-level data fusion or network-level data fusion. It can be obtained through the integration of multi-source
data, a more accurate and comprehensive environment, and network status information. The intelligent decision
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module is the decision engine of communication perception integration architecture. According to the results of per-
ception and data fusion, optimization algorithms and decision strategies are adopted for resource allocation and net-
work management. The intelligent decision module can make intelligent decisions according to the current network
state, user needs, environmental changes, and other factors, such as spectrum allocation, power control, routing, etc.,
to optimize the network performance and resource utilization efficiency.

2. Design and optimization of the perceptual network
2.1 Basic principles and functions of the perceptual network

The perception network is the core component of the integrated architecture of communication perception. Its basic
principle is to use sensor technology and algorithm to perceive the state of the network and environment in real time.
The functions of perception networks include environment perception, spectrum perception, and topological percep-
tion, and the information obtained through perception technology can be used for the management and optimization
of network resources. The rationale for a sensing network is to collect data on the environment and network status
through sensors deployed in the network. These sensors can be various types of devices, such as wireless sensor
networks, vision sensors, sound sensors, etc. These sensors can be distributed in various locations to form a distrib-
uted sensing network. The sensing network collects the data in real time through the sensing technology and transmits
the data to the data fusion and intelligent decision-making module for further processing and analysis.

The functions of the perception network mainly include environmental perception, spectrum perception, and top-
ological perception. Environmental sensing collects various parameters and indicators in the environment through
sensors, such as temperature, humidity, air pressure, etc., as well as objects and personnel in the environment [3].
Spectrum perception refers to the monitoring and analysis of the use of wireless spectrum through perception tech-
nology, including frequency, bandwidth, and signal intensity. Topological perception refers to the perception of the
network topology and connection relationship by the perceptual network, including information such as node location,
connection state, and link quality. The data of the perceptual network can be used for the management and optimiza-
tion of the network resources. The environment and network state information obtained by sensing the network can
help the network to allocate and schedule resources, and improve the capacity and efficiency of the network. For
example, the power and transmission rate of the network can be dynamically adjusted according to the environmental
sensing data to accommodate different environmental conditions. Spectrum-aware data can be used for spectrum
management and dynamic spectrum allocation to improve spectrum utilization. Topology-aware data can be used for
routing optimization and link quality monitoring to improve the reliability and performance of networks. The sensing
network senses the state of the environment and network in real time through sensor technology and algorithm,
providing key data support for the integrated architecture. The functions of the perception network include environ-
ment perception, spectrum perception, and topological perception, through which the management and optimization
of network resources can be realized, and the network efficiency and performance can be improved.

2.2 Sensor technology and algorithms in the perception network

Sensor technologies and algorithms in sensing networks are the key to realizing sensing function. Sensor technologies
include wireless sensor networks, optical sensors, acoustic sensors, etc., which can collect and transmit data of the
environment and network status in real time. The selection and deployment of sensor technology need to consider
the sensor energy consumption, communication distance, sampling rate, and other factors. In addition, the perception
network also needs to use various algorithms to process and analyze the sensor data, such as signal processing algo-
rithm, machine learning algorithm, data fusion algorithm, etc. Wireless sensor network is one of the commonly used
sensor technologies in sensing networks. It consists of a large number of wireless sensor nodes, which can be self-
organized to form a distributed sensing network. These nodes can collect the data on the environment and network
status in real time, and transfer the data to the data fusion and intelligent decision-making module for processing. The
advantages of wireless sensor networks are flexibility and scalability, which can be deployed and adjusted to demand.

Optical sensors also have an important role in sensing networks. Optical sensor uses the optical principle for data
acquisition, which can realize high-precision image and video data acquisition. In sensing networks, optical sensors
can be used for tasks such as environmental sensing, object detection, and tracking. By acquiring image and video
data of the environment, more detailed environmental information can be obtained, such as the position, shape and
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motion state of objects. The algorithms of optical sensor include image processing algorithm, target recognition al-
gorithm and motion tracking algorithm.

Acoustic sensors are another commonly used sensor technology in sensing networks. Acoustic sensors can sense
sound and acoustic signals in the environment and convert them into digital data for analysis and processing. In
perceptual networks, acoustic sensors can be used for tasks such as sound source localization, sound recognition, and
environmental monitoring. By analyzing sound data, information about sound characteristics, sound source locations,
and sound events in the environment can be obtained. The algorithms of acoustic sensors include an audio processing
algorithm, sound source location algorithm, and sound recognition algorithm. In addition to sensor technology, sens-
ing networks also need to use various algorithms to process and analyze sensor data. The signal processing algorithms
can filter noise reduction and feature extraction of sensor data to improve data quality and accuracy. Machine learning
algorithms can use perceptual data for tasks such as pattern recognition, classification, and prediction, so as to realize
intelligent perception and decision-making [4]. Data fusion algorithms can integrate data from different sensors to
improve the reliability and accuracy of perceptual results.

2.3 Data processing and information fusion of the perceptual network

In perceptual networks, it is necessary to process and fuse the data collected by a large number of sensor nodes to
extract useful information and support network decision-making and applications. Data processing and information
fusion are important links in the perception network, involving technologies and algorithms in signal processing, data
mining, pattern recognition, and other fields. Data processing mainly includes data preprocessing, feature extraction,
data compression, and encoding. Firstly, the raw data is denoised, filtered, and corrected to improve quality and
accuracy. Then, representative features are extracted from the raw data through the feature extraction algorithm for
subsequent analysis and decision-making. Data compression and encoding technology can effectively reduce the data
storage and transmission overhead, improve the network efficiency and performance. Information fusion is the result
of the integration and fusion of data and information from different sensor nodes to generate a more comprehensive
and accurate description of the target or environmental state. Information fusion can be divided into low-level sensor-
level fusion and high-level data level, feature level, and decision-level fusion. Sensor-level fusion is mainly used to
integrate and correct the raw data collected by the sensor nodes to eliminate redundancy and contradictory infor-
mation. Data level, feature level and decision level fusion is the integration and coordination of data, characteristics
and decisions of different sensor nodes to obtain more accurate and reliable global information.

2.4 Energy management and optimization of the perception network

The sensor nodes in the sensing network are usually powered by batteries, and energy is an important factor limiting
their running time and performance. Therefore, energy management and optimization are one of the core problems
in perceptual network design. Effective energy management can extend the life of the network, improve the energy
efficiency of the nodes, and support the sustainable operation of perceptual tasks. Energy management involves node
power consumption control, energy collection and conversion, energy distribution, and energy conservation. First,
the power consumption control technology is used to reduce the energy consumption of nodes, such as using low-
power sensors and optimizing communication protocols, and sleep mechanisms. Second, the energy collection and
conversion technology can utilize the energy sources in the environment, such as solar energy, vibratory energy, and
thermal energy, to charge or power the nodes. Then, the limited energy resources are allocated to different nodes to
meet the demands of the perceptual task. Finally, the energy-saving technology can reduce the energy consumption
of nodes and extend the life of the network through data compression, task scheduling, and energy perception. Energy
optimization is to maximize the energy utilization efficiency and performance of the perceptual network by optimiz-
ing algorithms and strategies on the premise of ensuring the perceptual task requirements [5]. For example, by opti-
mizing the deployment and coverage of sensor nodes, reducing redundant and repetitive perceptual data, and reducing
energy consumption.

In addition, through intelligent scheduling and routing algorithm, the data transmission path and the working state
of the nodes are optimized to reduce energy consumption. Energy optimization can also combine the characteristics
of perceptual tasks and the actual situation of the network, and develop reasonable energy management strategies to
realize the optimal use of energy. Through effective data processing and information fusion, energy management and
optimization, the perceptual network can achieve accurate perception of the environment and goals, and provide
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reliable decision support. The application of these key technologies and algorithms will promote the development
and application of perceptual networks in various fields, and bring more convenience and benefits to people's lives
and work.

3. Conclusion

This paper first introduces the characteristics and challenges of 6G communication, pointing out the importance of
communication perception integration as a key technology. Then we outline the concept and significance of commu-
nication perception integration and emphasize its role in improving network intelligence and adaptability. In the basic
component of the integrated architecture of communication and perception, the perception network is the core, and
the perception of the environment and the network state is realized through the sensor technology and the algorithm.
Finally, we explore the design and optimization of perceptual networks, including the choice of sensor technology
and algorithms, as well as their optimization methods and strategies. These studies and explorations will provide
guidance and support for the development of 6G communications and promote the innovation and application of
communication technology.

References

[1] Zhang Hongyu. Research on the application of sensing network in wireless communication system. Communication Science,
2021,12 (3): 45-52.

[2]  Chen Tingting, Zhao Xuemei. Research on the spectrum sensing algorithm of the perceptual network based on machine learning.
Wireless Communication Technology, 2022, 8 (2): 78-85.

[3]  Wang Jiulin. Li Hua. Research on the perceptual data fusion algorithm of the perceptual network environment. Information Sci-
ence, 2023, 15 (1): 32-39.

[4]  Zhao Dongsheng, Zhu Xueli. Research on adaptive sampling strategies in distributed sensing networks. Communication Engi-
neering and Networks, 2024, 10 (4): 63-70.

[5] Gao Hongwei, Liu Xiangnan, Zhang Haijun, Long Keping. Intelligent communication perception integration for 6G [J]. Journal
of the Communication University of China (Natural Science Edition), 2022, 29 (03): 9-16.

DOI: 10.26855/acc.2024.07.002 169 Advances in Computer and Communication



