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ABSTRACT

With the aging population, the expansion of the solitary population, and the advancement of the
digital society, intelligent companionship devices have shifted from single function devices to
diversified service carriers. Virtual communities have become an important space to meet social
needs and obtain emotional support. The integration of the two is not only an inevitable technological
iteration, but also a key measure to respond to the upgrading of social service needs. This article
combines the current status of technological development with practical demands, using literature
research, logical analysis, and interdisciplinary perspectives to systematically explore the integration
foundation, practical bottlenecks, technological support, scenario innovation, and guarantee
mechanisms of the two. Research has found that integration requires technological interconnectivity
as a prerequisite, scenario requirements as guidance, and security as the bottom line. By building
unified technical standards, innovating service scenarios, and improving governance systems, it can
achieve collaborative empowerment of "hardware terminals+digital communities". The research
conclusion provides theoretical reference for the upgrading of the intelligent companionship industry
and the expansion of virtual community functions, as well as practical paths for improving the
accuracy and inclusiveness of digital social services.
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1. INTRODUCTION

Digital technology has fully penetrated social life, and intelligent companion devices and virtual
communities have become important digital carriers that affect people's lifestyles. Intelligent
companion devices rely on technologies such as the Internet of Things and artificial intelligence to
achieve health monitoring, voice interaction, and safety warning functions. They are widely used in
scenarios such as elderly care, youth companionship, and assistance for people living alone. However,
most products have problems such as single functionality, insufficient interaction depth, and lack of
service closed-loop, making it difficult to meet users' deep emotional and social needs [1].

At the same time, relying on the Internet platform, the virtual community forms a diversified social
space based on interest, identity and demand, breaks the time and space constraints, and provides
emotional connection and resource sharing channels for different groups. However, existing virtual
communities rely heavily on general terminals such as mobile phones and computers, and lack
connection with offline life scenarios. For groups such as the elderly and those with limited mobility,
there are problems such as high operational barriers and weak service targeting.

The offline scene embedding advantage of intelligent companion devices and the online social service
advantage of virtual communities have a natural complementarity. The integration of the two can not
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only break through their respective development bottlenecks, but also build a full scenario service
model of "offline perceptiontonline response", creating more personalized and continuous
companionship and social services. Currently, some enterprises have attempted to preliminarily
integrate and achieve health data sharing and online interaction, but overall it is still in the exploratory
stage and has not yet formed a mature model and development path.

Based on this, this article focuses on the integration and development of the two, analyzing from five
dimensions: practical foundation, bottleneck constraints, technological support, scenario innovation,
and guarantee mechanism. The aim is to sort out the internal logic and practical path of integration,
provide reference for related industries, policy formulation, and academic research, and promote
digital technology to better serve the comprehensive development of people and the modernization
of social governance.

2. THE REAL FOUNDATION AND ERA DEMANDS OF THE
INTEGRATION OF INTELLIGENT COMPANION DEVICES AND
VIRTUAL COMMUNITIES

The integration of intelligent companion devices and virtual communities is not accidental, but the
result of the combined effects of technological development, social demand, and industrial upgrading,
with a solid practical foundation and urgent demands.

From a technological perspective, digital technology collaboration empowers and integrates. The
Internet of Things supports interconnectivity and data collection of devices, capturing users'
physiological states and behavioral habits; The natural language processing and machine learning
capabilities of artificial intelligence enable precise understanding of needs and intelligent matching
of community services; The low latency and high bandwidth characteristics of 5G technology ensure
data transmission and real-time interaction; Cloud computing provides support for massive data
storage and analysis, and assists in personalized community services. Technological maturity and
popularization break down barriers, laying the foundation for integration.

From the perspective of social demand, demographic changes and social upgrading have given rise
to an urgent need for integration. The aging population is accelerating, and the number of people
living alone is expanding. These groups not only need offline services such as health monitoring and
safety guarantees, but also crave social isolation. Intelligent companion devices lack social extension,
and virtual communities are not well adapted to the elderly population; The academic pressure of
teenagers and the emotional loneliness of young people living alone all require comprehensive
services of "offline care+online connection" to integrate and accurately match diverse needs [2].

From the perspective of industrial development, the bottleneck of a single business model has
inevitably driven integration. The competition in the intelligent companion device market is fierce
and homogenization is severe, and enterprises need to rely on functional and service upgrades to
break through; The lack of user stickiness and single monetization model in virtual communities, as
well as the absence of offline scene integration, make it difficult for services to be implemented. The
integration of the two achieves complementary resources, with the device bringing precise user and
scene data, and the community endowing the device with social attributes and service extension
capabilities, jointly expanding industrial space and forming a new ecosystem.

The era has higher requirements for digital inclusiveness, and integration is the key path to inclusive
digital society. Integration reduces the digital threshold for the elderly and those with limited mobility,
benefiting more people through voice interaction and simplified operations; Integrating resources
such as healthcare, education, and elderly care, building a universal digital service system, and
promoting the transformation of the digital society from "technology popularization" to "service
inclusiveness" are in line with the core principles of building a digital China.
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3. THE CORE CONTRADICTION AND REAL BOTTLENECK OF THE
INTEGRATION OF INTELLIGENT COMPANION DEVICES AND
VIRTUAL COMMUNITIES

Although the integration of intelligent companion devices and virtual communities has a good
foundation, it still faces core contradictions and practical bottlenecks in practice, which restrict the
depth and breadth of integration development.

The lack of unified technical standards is the primary bottleneck. The current market for intelligent
companion devices is showing a trend of "multi headed development", with different brands of
products lacking unified standards in hardware interfaces, data formats, and communication protocols.
Differences in the collection dimensions and storage formats of health monitoring data make it
difficult for device data to directly access the virtual community health management module. This
technology of "fragmentation" not only increases the cost of enterprise integration research and
development, but also causes users to frequently switch devices and communities, disrupting the
continuity of service experience; Moreover, there is no unified standard for the architecture and
service interfaces of virtual community platforms, which increases the difficulty of device access and
makes it difficult to form a large-scale integration effect.

The fragmentation of user experience is a prominent issue. The current integration mostly stays at the
shallow level of "hardware+community entrance" integration, lacking full process consideration:
some devices need to be set up in multiple steps to connect to the community, and the operation is
cumbersome; Community content services are not combined with user data collected by devices,
resulting in a disconnect between recommendations and needs; And the device is mainly based on
voice interaction, with the community relying on text, graphics, and text. The interaction logic is
incompatible, and users need to adapt again when switching, which reduces acceptance.

Privacy and data security risks are important constraints. The device collects sensitive information
such as users' physiological health, behavioral habits, and geographical location, while the
community stores social data and personal preferences. The integration of the two means that a
massive amount of sensitive data flows and is shared across platforms. If there is a lack of
comprehensive security mechanisms, it is easy to cause data leakage and abuse [3]; Currently, some
enterprises have insufficient protection capabilities, lack data encryption and access control measures,
and the regulations for cross platform data sharing are not yet clear. This creates a sharp contradiction
between user privacy protection and data sharing needs.

The mismatch between service supply and actual demand is a deep-seated problem. On the one hand,
the homogenization of integration service scenarios is mainly focused on basic areas such as health
monitoring and voice chat, without providing differentiated services for different groups; On the other
hand, the professionalism of the services is insufficient, and community health counseling and
psychological counseling are mostly provided by non professionals. The monitoring data of the
devices is not connected to professional medical resources, making it difficult to provide accurate
guidance. This "heavy form, light content" model is difficult to meet the core needs of users and
restricts the sustainability of integration.

4. CONSTRUCTION OF TECHNICAL SUPPORT SYSTEM FOR THE
INTEGRATION OF INTELLIGENT COMPANION DEVICES AND
VIRTUAL COMMUNITIES

Technological innovation is the core driving force for the deep integration of intelligent companion
devices and virtual communities. It is necessary to build a technical support system that covers
interconnection, intelligent adaptation, and security protection to break through the bottleneck of
integration.
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Unified technical standards and interface specifications are the foundation of integration. The industry
needs to accelerate the development of integration standards, clarify key indicators such as hardware
interfaces, data formats, communication protocols, etc., led by regulatory authorities and industry
associations, with the participation of equipment manufacturers, community operators, and research
institutions. At the same time, promote data standardization, establish standards for sensitive
information collection, storage, and sharing, achieve efficient data circulation and mutual recognition,
and reduce docking costs.

Artificial intelligence and machine learning provide intelligent adaptation capabilities. Through
natural language processing, seamless voice interaction can be achieved, and user voice commands
can complete community operations, reducing the threshold for use. Building user profiles based on
machine learning, integrating device and community data, accurately identifying needs, and
achieving personalized recommendations. Introducing computer vision technology, the device can
recognize user emotions and collaborate with the community to provide emotional counseling or
consultation services.

The Internet of Things and edge computing guarantee real-time stability of services. Build a three-
level architecture of "terminal edge cloud", where the device terminal is responsible for data
collection and interaction, the edge nodes are responsible for preprocessing and real-time response,
and the cloud is responsible for storage, analysis, and scheduling. This architecture reduces
transmission latency and cloud pressure, reduces network dependencies, and ensures service stability
when the network is poor.

Blockchain technology builds a strong defense line for data security. Build a data sharing and privacy
protection mechanism by leveraging its decentralized, tamper proof, and traceable features. Sensitive
data is encrypted and stored using an "authorized access" mode, where users have control over data
ownership and sharing permissions, and the entire process can be traced to quickly locate the
responsible parties [4].

Cloud computing and big data provide scale support. Relying on the elastic scalability of cloud
computing, dynamically allocating resources to ensure smooth peak services. By mining massive
amounts of data through big data, extracting common user needs and trends, supporting scenario
innovation and content optimization, while constructing risk warning models, intercepting
community misconduct, and creating a safe environment.

5. SCENE INNOVATION AND SERVICE UPGRADE OF THE
INTEGRATION OF INTELLIGENT COMPANION DEVICES AND
VIRTUAL COMMUNITIES

Scene innovation is a key path for the deep integration of intelligent companion devices and virtual
communities. It is necessary to base on the core needs of different user groups, create diversified and
specialized integration scenes, and promote the upgrade of services from "functional superposition”
to "value co creation".

The integration focuses on elderly health and care scenarios. Build a "smart monitoring+community
mutual assistance+professional service" model to address the health care and emotional needs of the
elderly population. Intelligent companion devices monitor health data in real-time, and in case of
abnormalities, push alerts through virtual communities and connect with remote consultations;
Community building mutual aid sections and interest communities, relying on devices to achieve
online and offline linkage, alleviate loneliness; Integrate offline resources to establish a service
appointment section, where users can complete appointments with voice commands, forming a
service loop.
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The scene of adolescent growth companionship focuses on academics and interests. With "intelligent
tutoring+community interaction+home school linkage" as the core, the device provides learning
assistance and collects learning data. The community builds a learning exchange and interest
cultivation community based on the data, inviting professionals to share their experiences [5];
Establish a home school linkage mechanism to synchronize student status and help form an
educational synergy.

The scene of young people living alone balances emotions and life needs. Build a model of "emotional
interaction+community mutual assistance+life services", with the installation providing basic
emotional companionship, the community building interest based social and life mutual assistance
sections, expanding social circles, and solving practical problems; The device is connected to the
community life service platform, and daily operations can be completed by voice commands,
improving convenience.

Strengthen precise professional services for special group care scenarios. Build a "customized
devicet+professional community+public welfare support" model for people with disabilities, chronic
disease patients, etc. The device is customized according to the needs, and the community invites
public welfare organizations and professional institutions to settle in, providing professional services
such as rehabilitation guidance and psychological counseling to meet the differentiated needs of
special groups.

6. GUARANTEE MECHANISM AND DEVELOPMENT SUGGESTIONS
FOR THE INTEGRATION OF INTELLIGENT COMPANION DEVICES
AND VIRTUAL COMMUNITIES

To ensure the orderly and sustainable development of the integration of intelligent companion devices
and virtual communities, it is necessary to establish a sound guarantee mechanism from four levels:
policy guidance, industry self-discipline, enterprise practice, and user participation, to safeguard the
integration.

Strengthen policy guidance and supervision, and create a favorable environment. The government
should introduce targeted support policies, provide financial subsidies and tax incentives for
compliance integration projects, and encourage enterprises to increase research and development
investment; At the same time, we will improve laws and regulations, clarify regulatory requirements
for data security, privacy protection, service quality, etc., refine the boundaries of data collection,
sharing, and use, and severely crack down on related illegal activities. Establish an integrated service
quality evaluation system, with third-party organizations conducting evaluations to promote the
improvement of service levels for enterprises.

Strengthen industry self-discipline and regulate market order. Industry associations take the lead in
formulating self regulatory agreements, clarifying compliance with technical standards, data security
guarantees, service quality commitments, and other contents to avoid vicious competition; Establish
an industry credit evaluation system, commend high-quality enterprises, punish violations, and guide
honest operation. Build a platform for communication and cooperation, organize enterprises and
research institutions to carry out technical exchanges and experience sharing, promote technological
innovation and resource sharing, and enhance the overall development level of the industry.

Promote enterprises to strengthen their main responsibility and improve the quality of integration.
Enterprises need to increase investment in the research and development of key technologies such as
unified interfaces, intelligent adaptation, and security protection, and actively participate in the
formulation of industry standards; Product design adheres to user centricity, optimizes operation
processes and interactive experiences, lowers usage barriers, pays attention to the needs of special
groups such as the elderly and disabled, and launches customized services [6]; Strengthen cooperation
with professional institutions, introduce medical, educational, psychological and other professional
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resources, enhance service professionalism and accuracy, and avoid "emphasizing form over content".
Establish a user feedback mechanism to optimize products and services in a timely manner.

Encourage user participation and form a positive interaction. Enterprises build user engagement
platforms, inviting users to participate in product design, service optimization, and other aspects to
make integrated services more tailored to actual needs; Strengthen user education, popularize data
security and privacy protection knowledge through voice prompts, popular science articles, etc., and
enhance user security awareness; Encourage users to participate in community governance, report
misconduct, and jointly create a safe and healthy virtual community environment.

7. CONCLUSION

The integration of intelligent companion devices and virtual communities is an inevitable result of
the advancement of digital technology and the upgrading of social needs, and it is also an important
path for the universal and precise provision of digital social services. This article analyzes the real
foundation, bottlenecks, technical support, scenario innovation, and guarantee mechanisms. The core
conclusions are as follows:

Integration has a solid foundation: technically, mature empowerment such as the Internet of Things,
artificial intelligence, and 5G; In society, the aging population and the expansion of the solitary
population have given rise to a demand for "offline companionship+online socializing"; In terms of
industry, both sides are pushing for integration due to development bottlenecks. The three
prerequisites of "feasible technology, urgent demand, and industry driven" are laid.

There are still bottlenecks in the current integration: inconsistent technical standards, fragmented user
experience, privacy and security risks, mismatched service supply and demand, which constrain the
development of integration and require multidimensional measures to crack them.

The core path is to build a technology support and scenario innovation system: establish unified
standards in technology, strengthen the application of artificial intelligence and other technologies,
achieve device interconnection, service adaptation, and data security; Focusing on the elderly,
teenagers, young people living alone, and special groups in the scene, creating a specialized model to
achieve "hardware+community" collaborative empowerment.

A sound guarantee mechanism is the key to sustainable development: it is necessary to build a
diversified governance system of "government industry enterprise user" through policy guidance,
industry self-discipline, enterprise responsibility, and user participation.

Integration not only promotes industrial upgrading, but also provides precise digital services for
different groups, helping to solve problems such as aging and social isolation. Future integration will
be more intelligent, inclusive, and secure, injecting momentum into digital China. We need to pay
attention to technological ethics and the digital divide, and adhere to the principle of technology for
good. Subsequent empirical research can be conducted to verify the path and refine the differences in
needs among different groups.

REFERENCES

[1] Liu, A. R., Pataranutaporn, P., & Maes, P. (2024). Chatbot companionship: a mixed-methods study of companion
chatbot usage patterns and their relationship to loneliness in active users. arXiv preprint arXiv:2410.21596.

[2] De Freitas, J., Oguz-Uguralp, Z., Uguralp, A. K., & Puntoni, S. (2025). Al companions reduce loneliness. Journal
of Consumer Research, ucaf040.

[3] Sun, Z., Wang, Z., & Xu, Y. (2024). Privacy protection in cross-platform recommender systems: techniques and
challenges. Wireless Networks, 30(8), 6721-6730.

[4] Dusi, P. (2025, March). Blockchain-Enabled Security Framework for Cross Platform IoT Interoperability.
In ECCSUBMIT Conferences (Vol. 3, No. 1, pp. 11-21).

55



[5] Lin,C.C.,Huang, A.Y., & Lu, O. H. (2023). Artificial intelligence in intelligent tutoring systems toward sustainable
education: a systematic review. Smart learning environments, 10(1), 41.

[6] Imbesi, S., & Scataglini, S. (2021). A user centered methodology for the design of smart apparel for older
users. Sensors, 21(8), 2804.

56



