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Abstract: Integrating smart devices from the Internet of Things (IoT) with Customer Relationship
Management (CRM) systems presents significant opportunities for enhancing customer experience
through real-time data utilization. This article explores the technological frameworks and practical
solutions for achieving seamless integration of IoT data within CRM platforms. By leveraging dis-
tributed web systems, the study demonstrates how companies can improve scalability, responsiveness,
and personalization in managing customer relationships. The paper outlines key architectural designs
for distributed systems that ensure efficient real-time data processing while addressing challenges
such as security, system integration, and the demands of analytics. The research provides insights
into overcoming these challenges with strategies like load balancing, edge processing, and advanced
encryption protocols. Results from simulations and practical implementations underscore the effec-
tiveness of these approaches in optimizing operational efficiency and delivering hyper-personalized
customer experiences. This study aims to bridge the gap between theoretical possibilities and real-
world applications, offering actionable guidelines for organizations to fully leverage IoT-driven CRM
systems.

Keywords: integrating; distributed web systems; crm platforms; optimizing; user experience; business
efficiency

1. Introduction

In today’s digital age, a business’s success is increasingly based on its ability to understand and
anticipate customer needs in real time [1]. The IoT has once and for all transformed the interaction
between businesses and consumers, providing access to a huge volume of data generated by intercon-
nected devices [2]. This abundance of information opens up new possibilities to improve the customer
experience through personalization of services and faster and more relevant responses. But in order to
meet these new challenges and effectively capitalize on these real-time data, companies must adopt
technologies that allow them to manage and analyze data in a scalable and secure way [3].

CRM systems play an important role in centralizing and utilizing these data [4]. Integrating
IoT-generated data with CRM systems, along with the use of Distributed Web Systems, can greatly
improve the efficiency and ability of these platforms to provide personalized services. By distributing
processing and storage tasks across multiple systems, companies can scale their infrastructure without
compromising speed or security [5].

Security and reliability are key factors when handling large volumes of real-time data. Distributed
Web Systems play a crucial role in this regard, providing an architectural framework that ensures
optimized management of processing and storage tasks. These systems allow companies to balance
the load between different servers, avoid overload, and ensure service continuity even during peak
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traffic times [6]. By implementing distributed solutions, one can achieve higher data processing speed,
lower latency, and improve security by reducing vulnerabilities at central data management points [7].

High flexibility is another significant advantage of integrating IoT data into CRMs via Distributed
Web Systems. Companies are able to adapt their IT infrastructure to meet new customer demands
or to rapidly increase the number of connected devices [8]. Providing real-time responses, proactive
actions, and advanced personalization optimizes the user experience. Therefore, customers enjoy more
relevant and effective interactions, and companies strengthen their relationships with them, which
means more loyalty and greater financial growth of the business [9].

2. Literature Review
2.1. Actual Works in the Field of Study

A study by Eslami et al. analyzes the segmentation and behavior of IoT customers to optimize
CRM strategies. The research uses the Self-Organizing MAP (SOM) algorithm to identify three distinct
clusters of IoT users based on their usage patterns of connected devices. The second stage of the study
analyzes 17 key factors that influence purchase decisions and customer satisfaction of IoT customers
using the decision tree classification and regression technique (CART). These analyses provide essential
information for companies, enabling them to develop personalized marketing strategies and improve
customer loyalty in the context of the IoT ecosystem [10].

In research carried out by Sanodia, it is analyzed how technologies from the IoT spectrum can be
integrated into CRM systems to improve the understanding of customer behavior and preferences.
The study details the methods by which IoT data is collected and processed, such as the use of sensors
and connected devices, to provide contextual and real-time information about customers. Through
these technologies, organizations can gain a much more detailed insight into user behavior, allowing
them to deliver personalized services and efficiently optimize customer interactions based on the data
obtained. It also addresses major challenges such as data security and technological complexity while
highlighting the potential of these technologies to revolutionize CRM by automating certain processes,
providing proactive recommendations, and anticipating customer needs. The author presents a broad
analysis of current and future trends in the integration of IoT into CRM, demonstrating how the two
can contribute to deeper personalization of customer experiences and better use of data to support
business decisions [11].

Research by Dr. Karunakar et al. analyzes how data obtained through the IoT can improve
decision-making processes in CRM. The study explores how IoT devices can collect highly valuable
data on customer behavior, which is then integrated into CRM systems to provide a more complete
view of customer preferences and needs. Detailed information allows companies to anticipate customer
actions and customize experiences to better meet market demands. The research also highlights the
difficulties companies face in integrating IoT into CRM, including a lack of expertise in software
development and the management of large volumes of data. By integrating these two technologies,
companies can develop innovative business models focused on consumer needs and improving their
loyalty [12].

2.2. Authors and Research Groups Analysis

Numerous authors signed various works on the topic of CRM systems using a dynamic analytical
approach. The empirical investigation was carried out using the online platform "Dimensions.ai" as a
database. In the research category, Distributed Computing and Software Systems. The VOSviewer tool
was used to interpret the data and facilitate the identification of each author who wrote a paper on
this topic. This analysis resulted in a graph. There are 3166 total writers in the dataset. In addition to
having at least three citations, an author must be listed as an author in three of five publications to be
considered relevant. In total, 68 authors met these requirements (see Figure 1) [13].
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Figure 1. A graphic map of authors for the search term "Customer Relationship Management and Internet of
Things".

A map of the countries where the research centers in which the writers conduct their investigations
are located was made using the same data set. For a country to be considered relevant, it must have
at least three papers with three citations each. After applying the criteria described above, research
centers in 84 countries were found to meet the requirement. A graph was created with the centers that
collaborate for the creation of scientific writings, so 54 of these countries are presented in Figure 2 [14].

vietnam
ireland

6% VOSviewer

Figure 2. A country map of authors for the search term "Customer Relationship Management and Internet of
Things".

3. Methodology
3.1. Distributed Web Systems

Distributed Web Systems are an essential factor for modern architectures that want scalability,
performance, and high security. These systems allow processing and storage tasks to be distributed
across multiple servers, ensuring an optimal balance of resources and reducing the risks associated
with overloading a single workstation [15].

These systems are designed to handle large volumes of data and variable traffic requirements.
In this study, we implemented a distributed architecture that allows horizontal scaling, that is, the
addition of new nodes to handle an increased number of users or connected devices. This approach
improves the overall performance of the platform, ensuring fast response times and efficient real-time
data processing [16].
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One of the main advantages of distributed web systems is the ability to balance loads between
multiple servers. In this study, we used load-balancing mechanisms to distribute traffic evenly among
the available nodes. This was achieved by using a load balancer that constantly monitors the resources
of each server and directs requests to the least loaded one. This mechanism prevents certain servers
from becoming overloaded and helps ensure service continuity, even during periods of high traffic [17].

Security is one of the main issues when handling sensitive data or a large volume of real-time
transactions. Distributed systems offer an additional advantage in that data and processes are shared
between multiple locations, reducing the risk of vulnerabilities concentrated at a single centralized
point. In our analysis, we considered TLS/SSL encryption protocols to secure all communications
between distributed nodes. Each node was also equipped with role-based access control mechanisms,
limiting access to resources based on the permissions of each user [18].

Distributed Web Server
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Figure 3. Architecture of a Distributed Web System.

This system ensures scalability and reliability, with multiple servers responding to requests and
domain resolution through DNS (see Table 1).

1. Distributed Web Servers: Several servers (Server 1, Server 2, Server N-1, Server N) are connected
via a LAN, and each has a database (Db 1) associated with it. This suggests load balancing or
redundancy.

2. DNS (Domain Name System): A laptop sends an HTTPS request to the Internet for a domain
(www.example.com). A DNS server resolves the domain name to an IP address (93.184.216.34).
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3. DNS Authority: The authoritative DNS server handles domain queries and returns the corre-
sponding IP address to the laptop.

Table 1. Advantages of using Distributed Web Systems.

Advantage Description

It allows adding additional resources (nodes or
High scalability servers) to handle traffic increases without
affecting performance.

In the event of a node or server failure, the
system automatically redistributes tasks to other
functional nodes, maintaining service
continuity.

Requests are split among several servers, which
lowers latency and gives users faster answers.
By spreading traffic among all available
resources, you can maintain optimal
performance and prevent certain servers from
being overloaded.

Data and processes are shared across multiple

Enhanced security nodes, reducing vulnerabilities and risks of a
single point of failure.

Optimized use of available resources, ensuring

Effective management of resources that each node or server is used efficiently

without wasting resources.
Systems can be quickly configured and adjusted
Flexibility in adaptation to meet dynamic requirements, such as
increasing numbers of users or IoT devices.

Fault tolerance

Improving response times

Balanced load

3.2. IoT

The Internet of Things (IoT) refers to a system of interconnected physical devices, vehicles, house-
hold appliances, industrial machinery, and other objects equipped with sensors, software, and network
capabilities, allowing them to gather, process, and share data over the Internet. This interconnected
ecosystem allows these devices to communicate not only with each other but also with centralized
or distributed systems, creating opportunities for enhanced automation, real-time monitoring, and
data-driven decision-making. IoT has the potential to revolutionize numerous industries by optimizing
resource allocation, reducing operational costs, and improving service quality [19].

For example, in customer relationship management (CRM), integrating IoT can help businesses
gain in-depth insights into customer interactions and preferences by analyzing data from various
touchpoints, like smart devices and IoT-enabled environments. This information can be leveraged
to deliver highly personalized services, anticipate customer needs, and improve overall customer
satisfaction (see Table 2). In addition, IoT-driven CRM systems can automate repetitive tasks, improve
response times, and offer predictive analytics, enabling businesses to stay competitive in an increasingly
data-centric market [20].
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Table 2. Advantages of Using IoT in Customer Relationship Management.

Advantage Description

IoT devices can collect data on customer
Real-Time Data Collection behavior in real-time, providing valuable
insights for service personalization.
Analyzing the collected data enables companies
Advanced Personalization to provide personalized recommendations and
offers, enhancing customer satisfaction.
Integrating IoT allows for the automation of
processes, reducing the need for human
intervention and increasing operational
efficiency.
By continuously monitoring customer
Proactive Monitoring interactions, companies can anticipate their
needs and intervene before issues arise.
IoT data can be used to identify areas needing
Service Improvement improvement, allowing companies to optimize
their services.

By providing personalized and relevant
experiences, companies can build stronger
relationships with customers, increasing their
loyalty.

Process Automation

Increased Customer Loyalty

3.3. CRM

CRM is a strategic and technological approach that businesses use to monitor interactions with
customers throughout their entire lifecycle[21].

Figure 4 presents the architecture of a CRM system, with the "Customer Data Management"
module at its center, playing a key role in collecting, processing, and distributing information across
various departments. The sales, marketing, and support teams maintain bidirectional connections with
this central module, enabling data exchange and personalized customer interactions. Additionally,
each team is linked to a specific functional module: "Sales Automation” for tracking deals and tasks,
"Marketing" for building campaigns, and "Customer Support" for managing and resolving issues.

Customer Data

Management
Sales Team Marketing Team Support Team
Sales Automation Marketing Customer Support

Figure 4. Architecture of a CRM system.


https://doi.org/10.20944/preprints202501.1013.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 14 January 2025 d0i:10.20944/preprints202501.1013.v1

7 of 11

Table 3 summarizes the key modules of CRM systems, their functions, and the benefits for
businesses. Each module plays a specific role in improving customer data management, optimizing
sales and marketing, and enhancing customer service. The data management and analytics modules
provide centralized information and valuable insights that help to make informed decisions. Sales and
marketing modules, along with process automation, increase the efficiency of marketing campaigns
and reduce human involvement in routine tasks, leading to higher conversions and time savings.

Table 3. Features and benefits of CRM.

CRM module Function Advantages

Collecting and storing Centralized data storage, better

Data Management customer data, interaction
. customer management
history
Automatin, keti . .
. ! § marsetng Increased marketing efficiency,
Sales and Marketing campaigns, managing sales .
. higher sales
opportunities
Managing customer inquiries .
. : . Improved customer service,
Customer Service and issues, tracking . . .
. . higher satisfaction and loyalty
satisfaction

Generating reports on sales,  Better business understanding,

Analytics and Reporting performance, and customer informed decisions, and

data strategies
Automating routine tasks such S
. . . . Saving time and resources,
Process Automation as email sending, reminders, ..
better efficiency and accuracy
and alerts
Tracking contacts and Enhanced communication,
Interaction Management communication with personalized approach to each
customers across channels customer

Figure 5 demonstrates the stages of automation within a CRM system, including data collection,
task automation, and sales forecasting, streamlining workflows for greater efficiency.

(ﬁ[ a
ey

Task Automation Sales Forecasting Marketing Campaigns

&

Data Collection Customer Support

Figure 5. Automation in CRM system.

Combining tools, processes, and strategies, CRM enhances customer satisfaction, loyalty, and
profitability by centralizing customer-related data and enabling personalized engagement. CRM
systems typically include tools for managing customer data, automating sales and marketing activities,
and analyzing interactions. These systems provide a unified view of the customer journey, from
the first contact to post-sale support, empowering cross-departmental teams to align their efforts
and deliver consistent, high-quality experiences. Automation features streamline workflows, such
as follow-ups, while data analytics reveal trends, enabling predictive actions such as upselling or
customer retention strategies [22].


https://doi.org/10.20944/preprints202501.1013.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 14 January 2025 d0i:10.20944/preprints202501.1013.v1

8of11

The system’s process is based on data centralization and task automation, ensuring efficient
synchronization between departments. Data from marketing campaigns are sent back to the sales team
for lead tracking, while feedback from support is analyzed to improve services. In addition, automated
processes such as sales forecasts, targeted marketing recommendations, and support requests facilitate
fast, data-driven decision-making. This architecture ensures a unified view of the customer, improves
operational efficiency, and delivers a better, more personalized customer experience [22].

Advancements in artificial intelligence (AI) and machine learning have significantly reshaped
CRM. Predictive algorithms now examine both historical and real-time data to pinpoint opportunities,
while Al-powered assistants streamline customer support and recommend the best sales strategies.
Cloud-based CRMs enhance scalability and accessibility, allowing businesses of all sizes to securely
access and utilize data in real time.

A critical aspect of CRM is ensuring data security and compliance with regulations like GDPR
and CCPA. Implementing encrypted communications, secure storage, and role-based access controls
protects sensitive information, fostering customer trust. Using these features, organizations can
optimize both operational efficiency and customer relationships, making CRM an indispensable tool
in the modern business landscape [23].

CRM systems also optimize customer service by providing tools for quickly resolving issues
and managing interactions across different channels. With integrated communication management,
these systems ensure a personalized experience that increases customer loyalty and satisfaction. As a
result, CRM systems not only improve business processes but also contribute to long-term growth and
company competitiveness [24].

3.4. CRM Using Dates from IoT

The integration of IoT data into CRM systems represents a revolutionary advancement, enabling
organizations to leverage real-time, context-rich insights for better CRM. IoT devices continuously
collect and transmit data, offering unprecedented opportunities to understand customer preferences,
behaviors, and product usage. By incorporating these data, CRMs deliver hyperpersonalized experi-
ences and proactive services [25].

IoT-CRM integration allows for real-time monitoring and automation. For example, smart home
devices can report usage patterns, enabling energy companies to offer customized efficiency tips
or maintenance alerts. Similarly, wearable fitness trackers can feed data into CRMs to generate
personalized recommendations, improving customer satisfaction and engagement [25].

Figure 6 shows the diagram of the integration of the IoT with CRM. The integration of IoT devices
begins with the collection of data from various sensors and devices such as thermostats, smartwatches,
and motion sensors. This data is sent to edge processing, where preliminary filtering and processing
are done to reduce latency and cloud load. The processed data is then sent to cloud storage, which
allows for the storage of large volumes of data for further processing and analysis.

Subsequently, the data passes through the CRM system, which provides modules for data man-
agement, analytics, and automation. Based on these analyses, the CRM system can generate automatic
actions, such as sending maintenance alerts or adjusting the settings of IoT devices. These actions are
sent back to the IoT devices, enabling process optimization and improving customer interaction [25].

From a technical point of view, loT-enhanced CRMs rely on distributed architectures and cloud
computing to handle large-scale data processing. Advanced analytics and machine learning algo-
rithms transform raw [oT data into actionable insights, while real-time frameworks ensure immediate
responsiveness. These capabilities enable businesses to anticipate customer needs, resolve issues
preemptively, and foster deeper relationships.

Security and privacy are paramount in IoT-CRM ecosystems, given the sensitive nature and vol-
ume of data involved. Robust encryption, secure APIs, and adherence to international data protection
standards ensure that organizations can safeguard information while utilizing it to optimize customer
experiences. Clear governance policies and compliance frameworks are essential for maintaining trust
in this context.
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Figure 6. IoT integration diagram.

By integrating IoT data into CRMs, businesses also achieve process automation and operational
efficiency. For example, predictive maintenance alerts from IoT devices can automatically generate
service requests in CRM systems, while usage insights can trigger targeted marketing campaigns. This
level of automation reduces human intervention, improves precision, and saves resources [25].

In summary, the fusion of IoT and CRM systems allows organizations to remain agile, customer-
focused, and innovative in a rapidly evolving digital landscape. This integration elevates CRM
capabilities, driving personalization, improving operational efficiency, and building stronger and
longer-lasting customer relationships.

4. Results and Discussion

The use of distributed architectures within CRM systems has highlighted a significant improve-
ment in the processing speed of data generated by IoT devices. By distributing processing tasks across
multiple nodes and using load balancing techniques, the platform can handle large volumes of data in
real time without affecting performance. This process was achieved by implementing a horizontal
processing system, which allows the dynamic addition of new resources to support the ever-growing
data requirements [26].

Integrating IoT data into CRM systems has given companies deep insights into customer behavior
and preferences, allowing advanced personalization of interactions with them. IoT devices, through
their smart sensors, collect real-time data about product and service usage, as well as operating
conditions. This data is analyzed using machine learning algorithms implemented in distributed
systems to identify patterns and anticipate customer needs [27].

Integrating IoT with CRM systems significantly improves operational efficiency by automating
customer interactions and personalizing services. IoT devices continuously collect real-time data
on customer behavior, which is then processed by CRM platforms to predict needs, recommend
personalized offers, and trigger proactive actions. This reduces the need for manual intervention,
allowing businesses to respond to customer demands faster and more effectively. For example, CRM
can automatically initiate marketing campaigns based on real-time data from IoT devices, such as
customer preferences or behavior patterns. In addition, IoT data are instrumental in areas such as
inventory management, predictive maintenance, and supply chain optimization. By automatically
forecasting stock levels and maintenance needs, companies can ensure smoother operations, lower
operational costs, and greater resource efficiency, ultimately improving overall productivity [28].

Distributed Web Systems within CRM platforms allow businesses to scale efficiently as their data
and device networks grow. As the number of IoT devices increases, companies need to handle larger
data volumes without compromising performance. Distributed systems offer horizontal scalability,
meaning businesses can add new nodes or servers to their network to manage increased loads without
interrupting services [29]. This capability allows CRM systems to seamlessly integrate additional IoT
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devices and customers, ensuring that the system can handle growing data volumes as the business
expands. The flexibility to scale infrastructure without significant hardware upgrades or downtime
allows businesses to remain agile and adapt to market demands. By maintaining high system per-
formance, even during peak usage, companies can confidently grow their customer base and data
collection capabilities [30].

5. Conclusions

In conclusion, optimizing the customer experience by analyzing real-time data generated by loT
devices and using Distributed Web Systems within CRM platforms brings significant advantages in
terms of both security and system performance. Security is essential because distributed systems
reduce the risks associated with centralized data storage by dispersing it across multiple nodes. This
architecture improves resilience against cyber threats, such as DDoS attacks, and guarantees the
protection of sensitive customer information through encryption and role-based access control.

A major benefit of integrating Distributed Web Systems with edge processing is reduced latency.
Faster response times, facilitation of real-time interaction, and improved service delivery can be
achieved by processing data closer to its source and distributing the workload across multiple servers.
In situations such as alerts or immediate maintenance actions triggered by IoT devices, this enables
faster decision-making and more efficient customer service without waiting for data to reach a central
server.

These improvements not only increase operational efficiency but also contribute to increasing
customer satisfaction and strengthening their trust in the online service provided. By reducing latency
and implementing robust security measures, companies can improve overall agility and provide
faster and more reliable services, making Distributed Web Systems a powerful tool to optimize CRM
platforms in the digital age.
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