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Abstract: With the rapid development of the Internet of Things (IoT) in recent years, many IoT devices
use communication systems to transmit data. Data packets are inevitably at risk of tampering during
data transmission, which can lead to information errors and damage during communication. Since
IoT terminals are often operated under human supervision, it is essential to improve and ensure the
transmission of information, avoid data tampering, and ensure the accuracy of packet transmission.
This research successfully improves the message transmission method of IoT communication and
the communication model by combining it with blockchain architecture. Combining communication
protocols with blockchain serial connections eliminates the need to control operating and managing
processes. By replacing message transmission with coverage, the reliability of data transmission in
the IoT communication system is improved, and the flexibility of the data transmission process is
enhanced. Through practical verification through experimentation, the study successfully improved
the incapability of effectively constructing a cross-coded message transmission mode in the Message
Queuing Telemetry Transport (MQTT) communication protocol, removed a single layer of encryption
rule, and created an encryption mode capable of providing complex arrangement organization.

Keywords: Internet of Things (IoT); data transmission; blockchain architecture; communication
protocols; message transmission; encryption mode; MQTT

1. Introduction

Traditionally, Message Queuing Telemetry Transport (MQTT) has been the most widely
used communication protocol in IoT. Its purpose is to send and receive messages over a
narrow bandwidth and with low power consumption. Currently, information interaction
through the broker adopts the publish/subscribe method. The current process is to register
the model to reduce the conversion time of message processing. All subscribers or senders
are not encrypted by default after registration. When data are transmitted in the IoT device
endpoint, the publisher is activated to send a message to the broadcast station, and other
IoT nodes receive it by subscription. However, the MQTT protocol encrypted by TLS
(Transport Layer Security) on port 8883 needs to be improved. Messages are encrypted
in transit but require TLS credentials that are updated on the fly to ensure confidentiality.
In the conventional communication protocol, nodes uphold persistent connectivity with
the transmitting station, primarily executing the registration operation during connection
establishment. Notably, the payload of the packet remains unencrypted throughout the
communication process. Instead, the security measures especially entail TLS-based en-
crypted connections, alleviating potential confidentiality concerns. However, while TLS can
construct a secure transmission protocol in the same broadcast network environment [1],
there is no way to prevent other nodes in the same broadcast network environment from
exchanging data using the same security certificate. Therefore, the combination of MQTT
and TLS [2] must be improved for IoT to perform message management operations under
the same broker.
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Therefore, how do we set up a system under an exact broadcast communication
mechanism and ensure all the receivers can be under the exact broadcast communication
mechanism and still carry out distributed transmission based on different encryption keys?
Can we solve the grouping problem effectively, or is it a reliability mechanism on the
off-load? The Internet of Things (IoT) ecosystem includes numerous interconnected nodes.
In addition to facilitating data exchange between individual nodes, the research explores
the potential formation of distinct clusters, each housing specific nodes. To facilitate this,
multiple tags are used for grouping purposes. Tagging allows nodes to seamlessly join
or leave clusters without compromising the encrypted integrity of Lianxun messages
transmitted between individual nodes and the broadcast center. When the broker sends a
message to the subscriber, because the message itself is exchanged and transmitted through
the bound key, the unauthorized nodes cannot read and modify the data. This research
uses an innovative architecture to propose a message transmission method to improve
the communication security of the Internet of Things. Previous research has solved the
problem of packet message security, but our study adds a blockchain encryption method,
an innovative technological development. In the past, we reviewed relevant research
on the IoT data transmission process, which mainly focused on encrypting data during
the transmission process through TLS. Therefore, we found that if we can combine the
encryption of the blockchain through the broadcast method, converting the key into a
one-to-one and a pair-to-group method to encrypt the data transmission time, respectively,
it can improve this problem and solve the technical limitation, as long as the broker can
be registered to receive and decrypt broadcast packets. The information security issues
of cross-encoding messaging led us to initiate further research on this topic. In this study,
the background knowledge and relevant literature will be discussed in the Section 2, the
experimental environment design will be constructed in the Section 3, the data analysis and
discussion of the experimental results will be provided in the Section 4, and the research
conclusions and contributions will be described in the Section 5.

2. Reviewing Background and Related Work
2.1. MQTT IoT Communication

MQTT is a simple communication protocol that allows IoT end devices to communicate
by sending small data packets over the network. The minimum size of a message is as
small as 2 bytes of data. Using a relatively streamlined data transmission method, the loss
of power and network performance due to transmission can be reduced. The protocol has
the characteristics of a high degree of reliability and robust scalability and has been widely
used in a variety of IoT applications. Since MQTT is only a communication protocol, it is
not a universal protocol used for network packet transmission in current cloud computing
communications, such as HTTP/HTTPS/SSL. Therefore, if it can be integrated into an
integrated architecture for cloud services and message exchange, it will provide another
new way to exchange encryption keys.

The MQTT protocol was developed to facilitate communication between M2M ma-
chines on the Internet of Things communication system. Its purpose is to enable real-time
data transmission and handle the role of cloud computing in processing large amounts of
IoT data [3,4]. Mishra (2022) [5] examined the MQTT protocol and its relationship with
database and software development applications in Internet of Things communication
mechanisms. The study yielded positive results and highlighted MQTT as one of the most
used IoT protocol solutions. This research delves into the MQTT protocol and analyzes its
application in M2M and IoT systems. Through a comprehensive review and analysis of
existing literature, the author discussed the application cases, performance evaluation, and
possible future development directions of MQTT in various fields. At the same time, he
mainly discussed specific instances of MQTT usage in different industries and fields, prov-
ing that MQTT helps make a positive contribution to the Internet of Things. The lightweight
design of MQTT enables data exchange in plain text format, which may pose security risks.
The current MQTT protocol requires improvement in TLS protection, specifically in the
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encryption and decryption process. This may require additional computing resources and
other technologies and could cause communication delays. However, experimental results
from Paris (2023) [6] show that adding TLS to the encryption and decryption process can
enhance security. It is important to note that this comes at the cost of increased overall IoT
power consumption. This encryption mechanism may also increase the cost and technical
difficulties associated with establishing communication security.

Considering the lack of corresponding security protection measures in MQTT, on
Kadhim (2023) [7] believes that the security of IoT devices can be improved by cleverly
combining TLS and MQTT. However, computing performance may be affected when using
a combination of the lightweight MQTT protocol and the TLS protocol, especially for IoT
devices with limited resources [8]. When using TLS for encryption, the message must
be encrypted between the MQTT client and broker. It is protected before transmission
and provides higher protection when transmitted to the server, effectively preventing
unauthorized access. Integrating MQTT and TLS uses a protocol to protect the security
of network communications. Its main functions include encryption, authentication, and
data integrity protection. In MQTT, TLS is used to encrypt and protect the communication
content of the MQTT protocol to prevent sensitive data from being eavesdropped on or
tampered with by unauthorized parties. Its core functionality supports TLS by using
data integrity checking mechanisms to ensure that data have not been tampered with or
corrupted during communication.

When the client sends a request to the server, the server responds with a response
containing a status number and real-time data, because the technology used by traditional
HTTP is the request-response model. MQTT functions have been changed to a subscription
system. Although it uses the same TCP/IP structure as HTTP for data transfer, the main
change is that device endpoints must first specify a proxy to communicate with, which
acts as a bridge between publishers and subscribers. The most important feature of the
message exchange is that it defines three QoS (Quality of Service) conditions [9,10]. Among
them, QoS 0 is sent at most once, which does not guarantee that the message can be sent
successfully; QoS 1 is sent at least once, which guarantees the message can be sent out.
QoS 2 is transmitted once, and the message is divided into two parts during transmission
to ensure that the message can reach the receiving end, but it may also cause a higher delay.
Due to its characteristics of occupying less bandwidth, better power-saving performance,
and more extensive data transmission capacity, this technology is currently widely used on
the Internet of Things communication environment.

The MQTT architecture uses the Publish/Subscribe mode. So, we can allow multiple
publishers to publish messages for different topics. By subscribing to a theme, an attendee
can receive relevant notifications according to different themes. The intermediary conver-
sion tool, the broker, does not manage the encryption operations of each subscriber. It
only forwards the message to all subscribers who have subscribed to the topic, as shown
in Figure 1 above. A subscriber can receive different notifications by subscribing to other
topics and stop receiving messages related to a topic by unsubscribing.

‘ Publisher A1
TDD/CA !
‘ Publisher A2 _
TOp/cB'
oy Broker
109 -
- TODI'CA
Subscriber C1 Subscriber B1
Subscribe O Top;,
Pic 4
Subscriber C2 Subscriber B2
Non«Subscripe Subscriber C3 Subscriber B3
Or Unsubscribe

Figure 1. The message in MQTT broker structure.
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Therefore, from the above architecture, we expect to encounter the first technical
bottleneck: if different subscribers subscribe to the same topic, it means that the topic’s
message information can be stolen and monitored. If the subscribers themselves publish
messages on the same topic, this will cause the information that initially needed to be sent
to be duplicated and replaced. For this reason, even though MQTT provides TLS-encrypted
events, the MQTT client will use the TLS protocol to encode the message when multiple
subscribers/publishers subscribe to notifications on the same broker [11]. The architecture,
where the MQTT server will use TLS to decrypt the message and publish it to all clients
that have subscribed to the corresponding topic, is still insufficient to filter out subscribers
using the same topic to avoid legitimate monitoring of message sending and delivery.

2.2. IoT Agent Design

Edge computing nodes can perform effective computing and event measurement
operations through the management and control of related devices in IoT devices. In the
traditional IoT model, edge data can be collected on the node in real time through the
node’s leading core computing and data acquisition by computing elements [12]. Software
agents are designed to help process a node’s digital data: storage and analysis. However,
there are still some limitations in the data storage and analysis of the node data. In most
studies, the task of nodes is to transmit relevant digital information. Still, for data analysis
and subsequent event processing operations, related research by Chang (2023) [13] can
find that edge computing devices can perform event processing and compare number
signal values, reducing the technical difficulty of IoT power consumption and packet
transmission overload.

All nodes in this article are endpoints for discussing the Internet of Things, called
device sides. The software agent performs a blockchain-based critical exchange method to
perform encryption and decryption exchange on devices installed on the IoT endpoint, so
the agent serves the terminal application installed on the node.

Due to the weakness in the MQTT communication protocol, packets are tampered
with during the transmission process, and data messages are captured, resulting in security
vulnerabilities. Both the sender and the receiver have similar problems, so through the
agent system like the software middleware, we can perform message event management
before sending and receiving packets, and the agent will change the data content of digital
information for encryption and decryption, thereby reducing the technical difficulties of
message packets being interfered with and tampered with.

The design of IoT software agents has a vital role in assisting effective communication
and data exchange between IoT devices and platforms. An agent’s main functions include
protocol conversion, data format conversion, and security and authentication. Because
the IoT agent designed through software can convert protocols, it can understand and
process multiple communication protocols [14]. This feature enables different devices to
communicate seamlessly with the IoT platform, even using other communication protocols,
achieving device interoperability. In response to the heterogeneity of the obtained sensing
data, IoT agents can also convert data formats to ensure that data from different IoT devices
are presented in a unified design, which can assist in the management and data analysis of
the IoT platform [15]. Therefore, an IoT agent overcomes the challenges brought by the di-
versity of IoT devices and communication protocols and provides technical support for IoT
systems’ safe and efficient operation. Therefore, we use agents to build a secure conversion
event recording service. We use the same agent design to communicate cryptographically
verified device identification and authorization mechanisms to ensure that only authorized
devices can communicate with the IoT platform. This security design not only helps prevent
potential threats but also provides the stable operation of the IoT environment.

2.3. Real-Time Quality Control

There are two levels of work in IoT device communication; one is the transmission
task. In the case of a water valve switch in a factory, it is a digital signal that does not
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activate the water valve. When the device receives the start signal, it starts and closes the
water valve. The other is a data signal that continuously returns relevant sensor status
information through the network, such as the temperature generated by machine operation.
When transmitting digital data, the digital signals released by the publisher are actively
and continuously sent due to the characteristics of the MQTT communication protocol [16].
However, the physical data signals are continually sent back. Taking an intelligent factory
as an example, digital signal transmission in the Internet of Things will affect the automatic
production of the factory. When a fully automated sensing and control device must transmit
data accurately to avoid affecting operation and control results, we must design a more
secure data transmission method. The status of the production line, for example, the
switching status of the water valve, will affect the cooling progress of the production line
machine. We cannot let the machine stop production due to overheating. Therefore, the
quality of communication messages exchanged through the Internet of Things cannot be
subject to external tampering, which will affect the security and service quality of the
entire service [17]. To solve similar problems, we have developed a set of agent service
designs belonging to edge computing from Hsu’s previous research (2020) [18]. In this
study, to solve the problem of fixed-cycle backhaul patterns of endpoint devices in the
Internet of Things, an intelligent computing frequency detection algorithm was constructed
to calculate and evaluate the fixed-cycle detection information generated by the same node
using the backward algorithm. This method reduces the high network communication
cost caused by the devices using fixed-cycle backhaul. This method verifies the value
generated by the sensing device before the device endpoint returns the message, thereby
reducing error in the message return. Based on the agent’s assistance in monitoring the
data transmission of the Internet of Things, data errors can be reduced, and a monitoring
mechanism for service-quality assurance can be provided. From the research results, one
of the characteristics of edge computing is the ability to transmit information data based
on physical principles through digital transmission. However, when the error message
data are generated in this digital transmission mode, it is also sent back to the broker
simultaneously. A software agent will automatically connect the wrong work item event
due to an abnormality in the transmitted digital signal. Therefore, the agent’s verification
of the data generated by the packet will be a critical technical issue. It cannot just forward
the digital call; it must read and verify the digital signal and compare it with the data
received the previous time. We need to reduce the impact of erroneous message packets on
subsequent calculations and judgments.

Since the received message can be inspected and audited by the edge service agent, a
live interactive verification is performed each time the data are obtained [19]. The process
can improve the accuracy of the retrieved data. Each node performs the physical data
retrieval and sending. A data correctness check is carried out simultaneously with the
transmission. This method can effectively improve the problem of incorrect data, which
we are concerned about. However, after the data are corrected and checked by the edge
agent [19], the second issue that we need to be concerned about is how to exchange the
correct data with other data collectors or servers in an accurate way.

Based on the above considerations and the review of related literature, it is found
that the correctness of data processing is an essential technical issue in the service quality
monitoring of IoT [20]. When using service agent tools to support IoT service quality
monitoring and ensuring the convenience of packet delivery on the communication link, it
is also necessary to consider whether the data can be accurately delivered to the destination.
Since the current communication method of MQTT broadcast is mainly used to facilitate
data transmission, communication registration is used to perform simple operations to
authenticate the connection. In the broadcast packet, there is no framework for securing the
link to the package message. Based on IoT communication, broadcast is a continuous and
long-term information exchange, a relatively risky communication channel for managing
network security [8,21,22].
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Assuming that the packet is monitored for a long time, we can observe that when the
authentication of the broker connection is tested successfully, illegal numerical results that
change the signaling transmission can be sent [23]. Let us take the above example of the
water valve, when the temperature reaches 25 degrees Celsius. The IoT device will start the
water valve to lower the temperature of the machine. After the intrusion, the temperature
value received by the broker is illegally modified. Each datum is reduced by 5 degrees
when it is returned. Therefore, activating the water valve to cool down at 30 degrees will
result in a severe technical bottleneck and loss when the machine temperature reaches
its true temperature. Since traditional computers and smartphones can use VPN (Virtual
Private Network) mode to reduce possible data theft and tampering problems during data
transmission, IoT device endpoint technology does not yet have good communication
channel management that can reduce the obstacles to packet signal theft. Therefore, how to
effectively solve the security technology management of IoT data packet transmission is an
important issue.

2.4. Data Encryption Transmission Technology

As the TCP/IP transport layer provides reliable network transmission, packet encryp-
tion is not performed in the standard packet state [24]. This ensures that packets can be
checked quickly and easily, with the checksum only verifying whether the package is being
transmitted. If damage occurs during the process, inspection operations must be carried
out. Therefore, in the current network transmission process, we will use secure connection
operations such as SSH (Secure Shell Protocol), SSL (Secure Socket Layer), and other as-
sociated technologies to perform packet security encryption operations at the application
layer. In many network communication applications, a VPN is commonly used to provide
comprehensive channel encryption [25]. This system connects the data port at both ends
and uses encryption to prevent tampering and eavesdropping during the transmission
of information.

However, this method may encounter another challenge. For example, in Figure 2,
when the user enters the network in response to the connection, if the communication node
of the peer’s target is not directly connected to the VPN system, secure communication
encryption can be performed through commercially available secure connection channels.
However, there is still an information security risk because the data port is the correspond-
ing network port of the VPN. The main concern is that in the environment corresponding
to the VPN connection port, the original network packets are not converted and encrypted
for secure communication, and the data remain in clear text. It is still possible to extract
clear text information using basic tools such as Wireshark.

Unencrypted danger zone
:l_"‘_" Ll E
: [ Web server

VPN Source " |:| a
Router T
ﬂ Database server
VPN Destination

VPN Tunnel Router

Encrypted security area

Figure 2. Vulnerabilities in using VPN to encrypt communications.

To effectively address security issues in communication, one can use the application
layer system model design. This design involves the sender and receiver performing
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encryption and decryption simultaneously in the communication channel environment.
Information-hiding operations are established before the data are transmitted, and the data
are obtained through software. After the agent identifies the data, they are transferred to
the secure encryption operation service. This study utilizes the technical characteristics of
blockchain to merge information with the blockchain’s channel operation. The software
agent synchronizes the block keys of cluster nodes in different regions and establishes the
cluster’s encrypted channel service. When the IoT sensing device sends and transmits the
obtained data, the information is encrypted to complete the data conversion. Unauthorized
parties cannot tamper with or distribute the data. Since the key is converted, a secure and
dependable information conversion service is constructed.

2.5. Blockchain Technology Improves Security by Recording Events

During the data transmission stage, preventing tampering with data message packets
and causing data changes is a dilemma. Blockchain technology solves this problem by
having each node in the application network keep a digital ledger containing a list of
all transactions performed on the web [26]. Public and private key pairing is used to
ensure security. When executing a blockchain transaction, it is recorded as a ledger update.
The transaction is encrypted using a unique private key, a digital signature. This means
that no node can tamper with transaction data without invalidating its digital signature,
thereby rendering the original transaction invalid [27,28]. Therefore, when exchanging IoT
data through MQTT, data tampering can be avoided by signing the data using the data
encryption feature of block training. If different essential processing can be included for
various nodes in the vital part, each node can update the critical management with other
nodes through the subscription mechanism. This can eliminate the technical bottleneck
caused by standard keys. Since each node has a public key shared with all other nodes, this
solves the problem. When a node receives a ledger update message from another node,
it verifies it using the public key corresponding to the initiating node. If the ledger has
not been tampered with, the verification is successful, and the node updates its catalog
copy. This ensures that every transaction is propagated through the blockchain network
and becomes part of the ledger stored at each network node.

The main objective of blockchain technology is to utilize smart contracts to establish
secure communication channels and record events, thereby addressing security and privacy
concerns that arise from decentralized data exchange. This technology can offer immutable
distributed data when stored, making it highly suitable for safeguarding critical data. The
research considers that when using MQTT’s broadcast characteristics, any IoT device must
authenticate the connection with the broadcast center to ensure that the subscriber and
sender have synchronized data information. This allows for the integration of data before
exchanging it. The application of blockchain technology builds a secure communication
encryption framework. The blockchain security agent integrates edge computing into a
fast encryption framework to perform group operations. This strengthens the security of
large-scale data transmission and storage under the Internet of Things.

3. Experimental Structure and Description

It is necessary to design a solution to address the transformation of communication
information data systems due to the current practical limitations of network communi-
cation technology. In our research, we have developed a novel framework that includes
a blockchain security agent service model. This model implements encrypted message
conversion at the application layer level through an agent, ensuring that all data expected
to be transmitted by the sensing device undergo the necessary critical conversion process.
Therefore, we redesigned a communication encryption application model based on the
upper layer of TCP/IP to improve the security and performance of the overall system. This
research applies a blockchain security agent service model to handle the conversion of
communication information, ensuring data integrity and confidentiality. Through agent
intervention, we can achieve a higher standard of security. When dealing with sensitive
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data, it is essential to avoid multiple reads or tampering, as this may affect the accuracy
of the data. In addition, we have designed an approach that can be applied in different
network environments, including blockchain methods with additional permissions. Smart
contracts record the status and process information of all key exchanges.

In this study, the communication mechanism of the Internet of Things (IoT) system
is thoroughly investigated in the connection environment of the communication layer.
The primary mechanism mainly depends on the broker, which facilitates the services of
registering and subscribing. Once all the edge nodes are registered, by subscribing to the
same topic they can access the various data information provided by the endpoints of
different devices. A notable feature of this mechanism is that when a node sends a message,
all the subscribers will receive the same content information simultaneously.

We have redesigned the critical exchange model based on a standard communication
architecture to address security concerns. Each node is responsible for creating its own
public and private keys, emphasizing active key management, and preventing data leakage
through unauthorized connections. In addition, we assume that each IoT device has
registered with the Certificate Authority (CA) server and obtained its key. Public critical
information is broadcasted to all nodes using the MQTT protocol.

This process ensures the security of the key. It also establishes a reliable and secure
channel for node communication. The public key-based communication encryption mode
helps protect the integrity and confidentiality of data, which further enhances the overall
security of the system. In this study, we focus on the security issues at the communication
level of the Internet of Things, and the design plan is as follows in Figure 3.

public key B,C,D private A publickey A,C,D private B

i Vi Cel’tificate
loT Devic « certificate C loT Device .

_____ 1 -

=

Sensor data corqlmmunication " public/private key A
4"_ﬁ

Sensor

T
data communication

Y

loT
Gateway

Q=
public/private key B

N It A 4
publickey A~Dy b+ g I Blockchain
T Smart Contract
e [ T Rt
certificate o
r [ [P ifi
, loTDevice | | 1} " loT Device |_ certificate A
CA o C -l ____ . D
public/private key C public key A public key B public/private key D
private key C private key D

Figure 3. Experiment on key exchange architecture based on broker.

In this study, we changed the system design. We no longer relied solely on MQTT to
register hardware devices but instead subscribed the hardware devices to the communica-
tion intermediary environment. Therefore, we will distribute the keys required by all nodes
with the broadcast environment instead of just registering through a single MQTT channel.
In our research, we handle key delivery and message delivery separately. We only provide
subscriptions for specific topics (such as key-type notes) when subscribing to messages.
Before communication between endpoints, keys will be exchanged, and pre-deployment
will be completed before contact. The design of this offload operation ensures the security
of communication and the correct transmission of keys between endpoints. This is a more
effective and secure communication mechanism.

According to our design architecture in Figure 3, the packets of the key will first
pass through the red-dotted radio operation. We assume that node A generates a pair of
public and private keys and broadcasts the public key. However, the public key cannot be
successfully retrieved in the case of node D, a non-gold participant.
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To enhance non-one-way transmission, we added an encryption key to node B, en-
abling node D to subscribe to our experimental architecture. According to the certification
plan of the key, the public key that provides service vouchers supports different subscribers
to synchronize with the corresponding node.

Based on our plan, we designed procedures for the experiment to ensure reliable
information transmission during communication:

(1) Establish MQTT communication rules between IoT devices and applications and set
up an MQTT broadcast agent to handle releasing and subscribing messages.

(2) Write a smart contract to process data sent by MQTT devices and verify its effective-
ness before writing it to the blockchain.

(38) Configure communication between the MQTT nodes. To connect the MQTT client to
the MQTT agent and publish data on the Internet of Things device, ensure that the
node side can format data into the required format for smart contracts.

(4) To complete the interactive transmission of the key, combine it with the blockchain.
The MQTT client must be capable of sending data to the blockchain smart contract.

4. Results

In the simulation dataflow design, as shown in Figure 4, the communication process
commenced with an attempt to transmit a message through the Raspberry Pi 4 (Wales, UK),
intending to relay an IoT message to a specific node. Upon the node’s reception of the
message, all nodes that had subscribed to the same topic were notified. The blue-dotted
line in the illustration symbolizes the data processing sequence. Given that MQTT operates
by subscribing through a shared theme, the message is dispatched to nodes subscribed to
the topic, such as nodes B, C, and D. Upon the message’s arrival, it becomes apparent that
only node C possesses the key assigned by node A.

public key B,C,D private A public key A,C,D private B
i i certificate
loT Device . certificate CA loT Device ; cA
Ar-f-=-, B
L === TL == t -°_
Sensor data cén’lmmunication “public/private key A Sensor data C?m":' ication public/private key B
— v . .
loT Register and send public key loT 1
Gateway | | [ L e e — - - .| Gateway
T T T I 2255, Broker

s .
public key A~D ¥~ ™, Blockchain
- Smart Contract

certificate

loT Device loT Device certificate
A [ L= Py y CA
S el o R, st
A

public/private key C public key public key B public/private key D
private key C private key D

Figure 4. Simulation message data transfer operation.

Consequently, nodes B and D cannot access the corresponding key, rendering the
message unreadable and unidentifiable to these nodes. This mechanism ensures that data
privacy is maintained, and only authorized nodes with the requisite key can interpret the
transmitted messages, enhancing the overall security of the communication process.

The experiment began by setting up a Certification Authority (CA) system that auto-
matically generates golden keys. Once a key had been generated for each node, it was sent
to the MQTT broker along with the subscription topic and the submission of the key.

The four edge devices, 1111, 1112, 1113, and 1114, in Figure 5, were created by simula-
tion. An MQTT broker server was also established to facilitate connection registration for
these four nodes. The broker provided a preview, as shown in Figure 4. Four nodes suc-
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cessfully synchronized their connections, ensuring the effective generation and distribution
of keys and successful connections between nodes and broker.

/ Publisher topic: hsu0001
10T Devic . loT Device | certificate ‘
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public/private key C public key 1111 public key 1113

private key 1112 private key 1114 /

Figure 5. Experimental experiments 1 to 4 in total, representing the representative entity.

To maintain certificate consistency, all node codes implement a CA certificate gener-
ator. This tool simultaneously generates a public and private key, as shown in Figure 5.
When sending a message from node 1111, nodes 1112 and 1113 receive the MQTT mes-
sage simultaneously. However, since 1112 has the public key of 1111, it can analyze the
information, while 1113 cannot, due to encryption. The system’s intelligent contract screen-
shot in Figure 6 shows that nodes 1111 to 1114 automatically generate the CA voucher
and broadcast the public key voucher. Each node encrypts the message using its private
key. For instance, using blockchain technology, node 1112 generates an event record of its
location and private key for intelligent contracts. With our designed architecture, we can
guarantee the accurate generation and distribution of vouchers while ensuring safe and
reliable communication between nodes and smart contracts.

NodeList [((TZ7.8.8.17, "TII2" )'MIIBCGKCAQEAhHtrVJIqGY2bR4undR/eCg3snvOxfxeBX9pdK3HVQUSTHLIT6rSesLsbRCIFYTZ1+qjuza8ZDySy
dGCrXorGFDKSLIm2VwinQ27W8peyw3RF 3x1zKo9VXNy9IMYkjCqLQRmYFkgwYnPsPFkRhMsFLInJ8HzoL tqAUfIFfgi67xKi5MAg701dc+oDaZoely jOmWEiF
fsubi3krDN+HAs/8DoB83P3qoU1MgCMxaliHsbJiSYEgZHEF 1wduHU+N31izdid5IF2NnSVq8v2HGEWGQcsPPtsEQd+F /iLxMVCHhY2LKCXAE6IEF2tViGY
N/qNIwtOT8zJpDyGVRBMeVCCuGQIDAQAB'), "IIIBCgKCAQEAnLNkBmaGNypBEME7AURIy’7T62LEajkaSELsQUYSbcerﬂZIZ
bQUFErHbFUd1397MLbLjoZbbkWIAVWIU+Tv6pgHF VCZ3wpzbqvOR5dyn3hqwGVtLafouXjGx91QpvwlItIMYONYswDee TUrCVDoU3IsHFqgDEMYYvqQYY6xn
£8bwViT18ebTEdIrtXjEEENB+ortQXWFfdlLOhS8xF9iezI950Y0oQdDQUPx02C92m12J1EOrNz joPvggdKnr08x3n1h2DbfKe/V5WQ2+2R0bwo3BV2cGHQaN
jdIPksTXgs1m2TnH/V41BYaC3eNZBvb/fI7jy68rDWelgyZChVux1QIDAQAB' ), ' MIIBCgKCAQEAX2QpwKFVMUEfsJuGsBNm/
nS/IUgnvZ2CKWB5bXUT6tq16Z7KDZBoEe+27SNOQwzw8/X616GL /UTL39XNgUIWEQyNgHUaMsN375/rLqzCgIMwKXSX2BVsczas3tIIwI4kIKAMZTg3UDwBS
guy j pARrGoBUE7TwbKbMQIbdbUVzWQF YyWalgdc15jCLNUZrFreNKz/ewl I4L+jmDAi2pG9/ LnaTxKwIGLR] jp+VaaSBsf+yv/WbmpPLOC2D3UPgagICMQZhFq
+7aSjLmPKLiZVSulDbg7ccLYKG/0Y/m4zqgNm9F 8hJIh6+2AbGvUix9evMwiinQe /nyul 9SeEwFF60TFcrQIDAQAB' ), [('127.0.0.1", '1113'| 'MIIBCg
KCAQEAiGnktg5WjFywVcjDDOE630eBejqZxI2j665HaMTrKirtw+MeJxjiBuovoyISeH28GzcR/Jg5PkSdkKifReMQrTB B IHjmd/iD
wO+E5b6pz8gaplrs3bNyk95g8w6/ELhiGfzWop/iEBBFls Tlcgova/PkOTMYTsx()RxSLMNxxSLFAMcDgcugpr\gulQGPtodyIQnnOSShVVL/C?HeWCDTG
E5p1/L9GMUhNgByAqKUhSL++haImAGRMDSYEo4a0sIYhOdUaYkoJPLIbT1U1BZboWHIXzSL1UrmEZMWo TurGZIHLYiF3N6ROMGUtqfvhemnQIDAQAB' )]

Figure 6. The key information is automatically generated for the four nodes.

We can observe that after the node automatically generates the encryption key, it
transmits it back to the broker through MQTT while the broker is registered. Figure 6
shows the result of the broker receiving the key returned from different nodes in red. The
box shows four other nodes generating keys to complete the backhaul operation.

We will explain the communication certificate generated by node 2. When the node
opens the connection, the system immediately generates the blockchain intelligent contract
number and public key information, as shown in Figure 7, No. 1. We send the message
to the broker by the agent. The delivery format information is (number/key), and the
node simultaneously generates the corresponding private key. Like No. 2, the data are
automatically encrypted during data transmission.
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1112
(Node address: MIIBCgKCAQEAhHtrVJqGY2bRUunOR/eCg3snvOxfxeBX9pdK3HVQUSTMLII6rSe)
nQ27W8peyw3RF3x1zKo9VXNy9MYkjCqLQRmYFfkgwYnPsPfkRhMsFLlInJ8HzolL tqAUfIFfgi67xKi5l
83P3qoU1MgCMxaliHsbJi5YEgZH6F 1wduH4+N3iizdid5JF2NnSVq8v2HqEWGQcsPPntsEQd+F/iL
MeVCCuGQIDAQAB
Nede private: qg q b g pdK3HVQUSTMER
VwinQ27W8peyw3RF3x1zKo9VXNy9MYkjCqLQRmYFfkgwYnPsPfkRhMsFLlInJ8HzolLtqAUfIFfgi6
8DoB83P3qoU1MgCMxaliHsbJi5YEgZH6F 1wduHU+N3iizdid5JF2NnSVq8v2HqEWGQcsPPntsEQd+
GVRBMeVCCuGQIDAQABAoIBACieptPz5QyJNAU88Lc2f1/N30tCFkNXe+Dx 1 1Rt68kUsF5hOPhqV5K
tf9UlwOvItLugDeuYsviWcAKdle/cAtdJcVLMzcxJctKxzt31dvkJCIRXVVmMM3P2zceCIb9w8q306ui
fWUam+5qwiU2S0A8zGcI8P5bbnScjclzBau3NOLG6Z760rh6XcyoBGwljlXatAeBQX19XwE/URpLII
jon+ECgYKA2hHXZOnpTqXxZ7GKJaU®7w/Tdgk3B3x+B6kihud3n+Ri+tbsZdDjxSxWXICZRHzUa3G
XIhJrz2qfR16nj99fkZJj36Zm7c/mkW35s5CRbps6ul S+EKLnKx5yL7T3mbmDQ+OrNwTSvJIQJI5AIu!
Exkxb6VVFfvGINtSLFHbftHYW7IKkSqwpUkKxXn7wHbZevEr363wizBolsLmRgFJInVcPK1GC/7Yd7At
Cy8vKKLY6TL7HO0e73vX6WvxJIM5urlhb+WYcEnmOKbPzvKRBxxUN1IrH2iIxWjEhzunrKhvDSyd++
Q8ifm9JLKTpEOsuq8NGMs7GaAaByv+cpSUF+4JIuddp8pbwPQbl+9mh5gY+DbRANKARSW1ig9MGbW
2309S8tiEr9ENRE9IcDcs7RgQ1lulAgnt9j1IM2JSjZUPGAYO1XQUTtcfonoNog555IVildvZGzewd
Kl:inSWZUanFGFbRMNuvzIZVEFlpazDMcygiJA7-FXSp*FRmXNCIGfRqujtudg/aupﬂHEPN7+W
£

v,

XdfP3c6WEVuI8SWx9VhfcxxTKRjdR1Fd6RyNQ8Mem6A0uqIQ==

Figure 7. Display the broadcast registration number and private key of node 1112.

In the experiment, we automatically encrypt the file to verify whether the key reaches
the MQTT message exchange state. We follow the architectural environment of Figure 5.
When node 1111 broadcasts the data to the broker, and if 1112 and 1113 register and
subscribe at the same time for the same topic, the message sent by 1111 will be obtained by
two nodes, 1112 and 1113. Since our domain first divides the group to obtain the key, node
1112 has the public key of 1111, while 1113 does not have the public key of 1111. After the
message is sent, the experimental results are shown in Figure 8. Node 1112 can parse the
encrypted subscription message sent, but 1113 cannot parse and parse out the incorrect
authentication information that failed to decrypt.

1112 1113
‘Woﬂm'l!ress; MI1BCgKCAQEAh.JAplmepnicfvobhm«psvulx"‘a/rse/Wress: MIIBCGKCAQEALLNVp7n5LgNROOBVREIdeH3F SCIGEMiuYIAePSTTiFt3303F
02yrrh3AC2foejgA+j0ISMEUAC W25 +d1Q85L116x50E1SDZBLASTbua7Ma brIEOysInIQIdHULUZ+98Jz fyPK2Y+meRyb6bAnt8thb+my PwbEyPRFsGarqYijprisQsUaler
2Cy0iNLI+ZUoc+DrCbPHRz+T2gTLZAVZc5HNXrGKQIoL KBUXTUD1 /MUGGqxu 1toz4vnnmhXDGCOLGZ oMEa/QSysa3dynSKbx5oA6Dk6KenXat LsuHIWCD2NBStL3XzntCSdzNy
Node private: MIIEqgIBAAKCAQEAhJApLw+OpMiGFvObhIK+PsVKIXma/TWIr8mPDwIDAQAB
sBNO2yrrh3AC2foe jgA+j0JSHEUAC W25 +d108SL116xs0E SDZWBLASrbuNode private: MIIEGGTBAAKCAQEALLNVp7nSLgjNROOGVRt9IdeH3FsCIGEMiuYTAPSTTiFtk3
1D3dzCy0iNLI+Z4oc+DrCbPHRz+ TzgTLZAVZcSHWXrGKQIOL KBUXTUD] /MUG Fdw1brIEOysInIQIAHULUZ+98JzFyPK2Y+meJRyb6bANt8thb+myJPubEYPRFs0arqYi jprisQsu
6FrDhUMEIxU1q5pntLrhpOEAQLIZY2GHDVE0QPURNXLOVCOskFikaYWLbr MADR1toz4vnnhXDGEOLGZ3oMEa/QSy sa3dynSKbx SoAGDK6KenXat Ls4HIWCD2NBS L 3XZntCSn
pMIbzooyChvbrSeMwalsszsm6UCSCq370oZneTaHpNIer/nrassuktwska"’““:‘;‘2;3“5'2:;5:0:‘?2"1g;gcg:fgs;;gz’:fé;g‘:‘f“i;““F’;Viﬁﬁlg"g“i‘;?'ﬁﬁ"’;”‘?réqé";
¢ 3 S0 <4 ou cAj5qpBZTu e wt6mpmuFgAGjx6a0q7StrjxnJsgjuRaPz!
;e;izg:gls:;z.:?:ggzs‘:’éﬂ;;“:g;"Tg;zgg;;ﬁg:gﬁ#;;ﬁzigi:glﬁ pKUBAr8FUjy3vke+z3EInF7zGAb+GbrMfGb+gUIKmOSgrx2Q1vXIObINQUEICO2Xx92D0c B0k aNX
FﬁasAJanNLhéaamsrrtja:ncsgbsxsrgenov/PpnBTnggxcft)l2snmgdu XFOUXBAOGJAMODA; 2Mrf /hOF tgkDIJgi iXhTwuYvX/IPQpOUoBAtoJdU6unRQ+811bgy/q6VDHYq
SaFYEZsonOKINT2nHeoV 1] 30 2rvmoc0v0QKBLOChUL S50V POPEL bYngL F LT PaUFLOCZGNTKGGOCVATOSONze Ve JEoZKCFZLIGKS 1hBZSGqDICPz tHOpNUE 72 1G2STECEQ
) ROyxS) jeQ , 9L ¢ X TY7RIGBQUChGCRrXDWNIbHeC2tEim8s1]onot7osYzmJuSCWEK12¢0 SbpItEKbELKNWEYOT7
jrcHUFe8LISZUvvipjBtfuQlxHaX1sXBLUdnVSZaovnaoyDiRISLGGZVXUOL | as yayE faFQIBHpbQ+apyvyt JOF +KKT7bUzZ L EvawtAWDKHFTaUAPXbOE@34x0zAbjURt t1dhaaT
qxReD4259JrNxz0dMXxBHhq3+d0Uw3Mb3DYNQLg+/L3Z7QVietY5rn80628n y3dkyyafo2NZUpwoZiDARpAY 3nHxKJoBU1228TolicszBbCNWGBqbnSaTkudvdNsQJUE jrkSFUUPy
tpKEjJI6LhSkwyiiA1DM2kr7ThUTZr8pTcIyKA2j+2ulzES31+eH/OURSBSNCY 42zR1 IBAFbVp2WPE2//XIUX22q0PadwDIreqbcltab6oFXeQhM1pHCAUmknvesUDZONXLLXIAFQOF
iZiw3jw7R6NL/vi64FnCueFDQr10Jzy/I71VgiAdZoHzr3WHt T+Q== jUdIR+Q99IMuXGe8zBMMISCHs1FI3YLXhDIWIW+nTR+aPYviRrUWgd8sWstDgStRmOUMOBcHLgae

T q g I 7 P
((*] Receive subscribe topic request by client [ Retn Lo R e Db RavCh et ke mies vy e
[*] Return topic_PubkeyCheck request by node

No subscription,decryption failed: b"7'\xad\x86\xbd*&\x9f%\xb9cd%A#n\xbe\x8d|
\tu\xde r\x01hqj\xda\xc8\xb3\x85N\xa9\x14\x0cA\xacI7\x16! \xca~\x98/ip\xd2\xe|

Decrypted successfully: scutestol

Figure 8. Status results for encrypted subscriptions.

To experiment with the idea that group key exchange can enable key exchange, we
set 1112 and 1113 as the same group. We adjusted the configuration settings. We reset
the topic through the broker, exchanged the 1111 key message to the 1113 node, and
constructed the build. As shown in Figure 9 below, the provided node 1113 has both 1111
and 1114 encryption keys. The results in Figure 10 show that node 1113, shown on the
right, can successfully read the encrypted message frame information after the message
is re-sent.

As shown in Figure 11, the study examined the state of information exchange in
the experiment using blockchain contract data 1113. In the architecture environment
shown in Figure 9, the third node of 1113 contains both hsu0001 and hsu0002 groups in
the subscription public key obtained through grouping. This allows 1113 to exchange
data across groups between 1111 and 1114 and record the key exchange event in the
blockchain contract.
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Figure 9. Added 1111 key broadcast to provide node 1113 with three keys.
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zCy0iNLI+Z4oc+DrCbPHRz+1zgT1ZAvZcSHWXrGKQ9oLKkBUXTHD1 /MU6qc1tozdvnnmhXDGcOLGZ joMEa/QSysa3dymSKbx50A6Dk6KenXat LsUHIwcD2NBStL
Node private: MIIEqgIBAAKCAQEAhJApLw+OpMiGfvObhIK+PsVKIXm:WIr8mPDwIDAQAB

tsBNO2yrrh3AC2foe jgA+jOISMEUACW2s+d1Q8SL116xs0EiSDZwBLASINode private: MITEqgIBAAKCAQEALLNVP7nSLgiNROOOVRtIdeH3FsCIGEMiuY)
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6FrDhLMEJIxU1q5pndlrhlpOEAQLIZY2GWDV60QPURNXLOVCOskFikaYWLtMdOR1tozHvnnmhXDGCOLGZ oMEa/QSysa3dynSbxSoAGDkEKenXat 1 sUHOwcD2NE
pMIb3D+yCbvbr5eM8nXLssZ8n6UCBCq8700ZneTaHpNIrZn/hra8EuktRs 1UVEHIr8nPONIDAQABAOBAQCF 1XBOF thINLSSTUKWU3CILAFXVIRGISPVKB+oiLE
V3ErRSQTHKrz2DAKyQFRW+FK1e1AHPIWNS ja5gruABPUENZByGhKdrv3 CANGF 210UV FWbX5CA15qpBZTuSt +EKBIBE YeGNStLut 6apauF gAGI x620q7SHr 3

: : pKUBAr8FUjy3vke+z3EInF72GAb+GbrMfGb+g4IKmOSgrx2Q1vXIObINQUEICO2xS
Fgmbwguww"azjaIBfZRWbLyGTAgapS““qIGpAcvxsKGdbUTBOthCOSCg(XFOuXBhoGJAMoDAjZMrf/hQF:ngIJgiiXthqux/IOQpOUoBAtquuéunRstn
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+qfvEZ+om9k3MT2mHeoVxs j34JrvmocOv jOQKBiQChuL 8BBDVCPOPLLDVr o+ 1y7R168QUChGCRrXDWNIbHeC2tEinBs 1 onotWTosYznIuSCWEK12c0 i SbpJte
jrcHYFe8lISZUvvipjBtfuQlxHaX1sXBLUdnVSZaovnaoyDiR9IsLYGZVXLy a3y VAUEFaFQIBHPbQ+apyvyt jOF+KKTTbUZ LEvmwt AwDKHFraUAPXbOEO3UxX0ZAL
qxReD4259IrNxz0dMXxBHhq3+dOUw3Mb3DYNQLg+/LjZ7QVietY5rn0062y3dkyvafo2NZupwoZiDARpAY 3nHxKI0OU1228TolcszBbCNWGBqbnSaTkudvdNsQ.
tpKEjI6LhSkwyiiA1DM2kr7ThUTZr8pTcIyKA2j+zuJzES3I+eH/OuRSBSr dzRiIBAFbVP2WPE2//X14X22q0Pa9wDIreqbcltab6oF XeQhM1pHCAUwkmvesUDZE
iZiw3jw7R6NL/vi6UFnCueFDQr10Jzy/I71VgiAdZoHzr3WHtT+Q==  jUdIR+Q99muXGe8zBMNISCjsLfjI3YLXhDIWIW+wTR+aPYviRrUWgd8sstDgStR
ctzzME/w7nTp05/snolpWf 1wDoSEWOCHRQ32nsytFcMaK1fI19Sw==

[*] Return topic_PubkeyCheck request by node

No subscription,decryption failed: b"7'\xad\x86\xbd*&\x9f%\xb9cdy
Decrypted successfully: scutestfl \tu\xde 'r\x01hqj\xda\xc8\xb3\x85N\xa9\x14\x0cA\xacI7\x16! \xca~\x§

[*] Return topic_PubkeyCheck request by node [*] Return topic_PubkeyCheck request by node
Decrypted successfully: scutest02

[*] Receive subscribe topic request by client
[*] Return topic_PubkeyCheck request by node

Decrypted successfully: scutest62

Figure 10. Update subscription group message delivery results.

The study utilized a broker to verify message exchange. Within the broker system,
the core system successfully established a group operation. Nodes 1112 and 1113 are sub-
scribed to the same hsu0001 topic group. When node 1111 sends a message to the hsu0001
topic, nodes 1112 and 1113 can complete the task of decrypted reading. It is assumed
that the hsu0002 group exists, and only authorized users in group 1113 have decryption
capabilities. Although other subscribers can subscribe to the topic, they cannot access the
data information because they are not part of the object group. Refer to Figure 12. Based
on our experimental encrypted message transmission results, the encrypted broadcast
topic ‘hsu0001” sent by 1111 had two nodes complete synchronous registration, while the
encrypted broadcast topic ‘hsu0002” sent by 1114 underwent synchronous registration
only by 1113. Thus, if the service process sends messages from 1114, only nodes 1113 and
1114 can communicate, while nodes 1111 and 1112 cannot receive them. This is illustrated
in Figure 13 of the experimental results.
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1113

Node address: MIIBCgKCAQEALLNVp7n5LgjNROOOVRt9deH3FsCIGEMiuYIAePSTT
brIEOysJImJQIdHULUZ+98JzfyPK2Y+meJRyb6bAnt8thb+myIPwbEyPRFsOarqYijpr]
1toz4vnnmhXDGcOLGZ joMEa/QSysa3dymSKbx50A6Dk6KenXat1s4HIwcD2NBStL3Xz
WOr8mPDwIDAQAB

Node private: MIIEqgIBAAKCAQEALLNVp7n5LgjNROOGVRt9deH3FsCIGEMiuYIAe
fdwlbrIEOysJImJIQIdHULUZ+98JzfyPK2Y+meJRyb6bAnt8thb+myJPwbEyPRfsOarqY.
MdDR1tozUvnnmhXDGcOLGZ joMEa/QSysa3dymSKbx50A6Dk6KenXat1s4HIwcD2NBSt!
WuV8WIr8mPDwIDAQABAOIBAQCFiX80FfthINLSSTUKWU3cItAFXVIRGiSPVKB+oil Bm+
cqNGF2IouVFWbX5cAj5qpBZ7uSt+EKBIB6YkeGNStLWt6mpmuFgAGjx6a0q7SMrjxnJy
pKUBdr8FUjy3vkc+z3EInF7zGAb+GbrMfGb+gd4IKmOSgrx2Q1vXIObINQU89CO2x92D
XFOUXBA0GJAMoDA j 2Mrf /h9ftgkDIJgiiXhTwuYvX/IPQpeUoBAtoJd46umRQ+811bg)
f19ryPalfLDeZgN7TKGGOCVATO90NzeYe jEoZkCFzLIGKS1h8ZSGqD3CPztHOpWUEI Tz
stxTY7RI6BQUChGcRrXDWNIbHeC2tEim8s1jonodW70sYzmJuSCWEK12c0jSbpJtEkb
kAivVAYEfaFQ9BHpbQ+apyvyt jOf+KkT7bUz L EvwwtAwDKHfraUAPxbOEO3Ux0zAbjU
x3dkYvaf02NZ4pwoZiDARpAY3nHxKJIoOU1z28TolcszBbCNwGBgbnSa7ku9vdNsQJILE
dzRiJ8AfbVp2WPE2//XI4X2zq0Pa9wDIreqbcltab6oFXeQhM1pHCAYwkmvesUDZbNX
FUdIR+Q99muXGe8zBMmISCjs1fjI3YLXhDIWIW+wTR+aPYviRrUWgd8sWstDgStRm9Y
ctzzlME/w7n7p05/snolpWf1lwDoS6WOcMRQ32nsytFcMaK1fI9Sw==

[*] Receive list topicInfo request by client

opic_pubkey {'hsuf00l1': 'MEgCQQCIogbRKIKTMGt++xKd9W]jOoXpUu3q8LQUpV
MBAAE=', [ 'hsu002': 'MEgCQQCFTB6Yxul5/8CPZ5R2nh@nKdRqr/gQiraeZWz3DZ
=V
Topic_prikey {'hsu@001': 'MIIBPAIBAAJBAIiiBtErOpMwa377Ep3laPShelS7e:
Yap4cCAWEAAQJIASFL7wKEY5QvbsCak6g28Y0Vs0JIdh22KEODF /ATksfSSF/ jMrfU3MPI
3Jzjrs+7VoajGYmt FEOKUCLWYwe1cCHWDLYVc8qlmH/x/+tX32h92zgP6K zVUFNVEez)
UCHKmI/m9TV6LcJIyYG5Gx jsFPtf6vylwv/crEn/17QQI jAJuKMeDNxz+hnfsCIWOH31
BAIVMHp3jG7Xn/wI9n1HaeHScplGqv+BCKtpSLbPcN1905+XN1rYud/YOPdFWPbMCHTN!
LCulcp/tEU/5zxUR2nkIWFNSXcCds992egQeNG3LBGU6zrV69V+Iiy9E2MufLwQI jAL:
IDUCEY41qVM3SXSbtQAy43Cdyn0ayblLiX31JECIL+ESnh++pHRSpPSbMOz1ijukB6UCDY
YMEDEx7ECIwCWW8hxglgfxEwsWiw5kORnaocv74LKBNbHURLYedhRTVo+'}

Figure 11. Node 1113 blockchain contract status.

[*] Receive create topic request by node
{'hsu@e01': ('1112', '1113'), 'hsueee2': ('',)}{ {'hsueee1’: |C'MEGCQQCIogbR
0aA0Td9X9zUOtITVHTAfDjbeWh1lAumGqeHAgMBAAE=", 'MITBPAIBAAJBAIiiBtErOpMwa377
Pg60hNUdMBBONt5aHUC6YapdcCAWEAAQJASFL7wKEY5QvbsCak6g28Y0Vs0Jdh22kEObF /ATks
IjAKvTwLfos5uIFRQDIujJzjrs+7VoajGYmtFEOKUCIWYwclcCHWDLYVe8qlmH/x/+tX32h9zg
- afAsibIZ7uqtUgdxUCHKIMI/m9TV6LcIyYG5Gx jsFPtf6vylwv/crEn/17QQI jAJuKkMeDN
gCQQCFTB6Yxul5/8CPZ5R2nhOnKdRqr/gQiraeZWz3DZfa0flzda2Lnf2Dj3R
QIBAAJBAIVMHpjG7Xn/wI9nlHaeHScplGqv+BCKtp51bPcN1905+XN1rYud/YOPdFWPbMCbTNV|
09hBprlCulcp/tEU/5zxUR2nkIWFNSXcCds992egQeNG31BGU62rV69V+Iiy9E2MufLwQIjALE
wCy+eIDUCE41qVM3SXSbtQAy43Cdyn0alblLiX31JECI L+E5nh++pHR5pPSbMOzZi jukBEUCDYY
E3CIFbYMEdEX7ECIwCWW8hxglgfxEwsWiw5kORnaocv74LKBNbHURLYedhRTVo+')}

{'hsu@@e1l': ('1112', '1113'), ‘'hsu@ee2': ('1113',)}

E*] Receive subscribe topic request by node ]

Figure 12. Group subscriber passes encryption key.

HIIBCgKCAQEAhJApleOpHinvahIKstVKIX-a/Hl IBCGKCAQEALLNVp7nSLgNROOBVRtIdeH3F sCIGI

02yrrh3AC2foejgA+jOISMEUACW2s+d1Q8SL116xs0EiSDZwBLASTbu brIEOYsInJQIdHULUZ+98JzfyPK2Y+meJRyb6bAnt8thb+myIPwbEyPI
2CyOiNLI+ZUoc+DrCbPHRz+12gT1ZAvZcSHWXrGKQIoLKBUXTUD1 /MU 1tozdvnnmhXDGCOLGZ oMEa/QSy sa3dymSKbx5oA6DK6KenXat LsUH
Node private: MIIEqgIBAAKCAQEAhJAplw+OpMiGFvObhIK+PsVKIXWOr8aPDwIDAQAB

tsBNO2yrrh3AC2foe jgA+jOJISHEUACW2s+d1Q8SL116xs0ELiSDZWELANOde private: MIIEQIBAAKCAQEALLNVp7nSLgjNROOOVRtIdeH3F:
iDJdzCyO0iNLI+ZUoc+DrCbPHRz+12gT1ZAvZcSHWXrGKQ9oLKBUXTYD] fdwlbrIEOysInJQIdHULLZ+98JzfyPK2Y+meJRyb6bAntEthb+myIPwl
6FrDthEJxU1q5pnulrhlpeEAQLJZY2GHDv60QPURnxLOvceskakaVH"dDR1t°1“V““‘hx°Gc°LGzj°"E‘/QSV5‘3dY'5“b‘5°“6°k5“'“x‘tF
pMIb3D+yCbvbrSeM8wX1ssZ8m6UCBCq8700Zne TaHpNIrZn/hragEukt WuVEWIr8aPDwIDAQABACIBAQCF iX80f thINLSSTUKWY3C ILAFXVIRG!
VvOFErRSQTMKrz2DAkyQFRW+FK1e1AHPIWNS ja5gruABPUENw2ByGhKdx CANGF 2IouVFWbXScAjSqpBZTuSt +EKBIB6YkeGNStLut 6mpauFgAG) x|
FgnbwENwwwa2jaIBfZRwbLyGTA9apSaNqiGPACTXSK6dbUTBOhVhCosc PKUSr8FUSy3vke+23EInF72GAb+GbrHFGb g IKROSgrx2Q1vXIObII
Fwd5AJHNFNLhQaam6rFt jOqNGS9bdxBIUOMAY/PpnBTSgvOICF9128MD KF O4XBAOGIAMODA;2Mrf/h9FtgkDIJgiiXhTwuYvX/IPQpOUOBALoId!

g hedildz £19ryPatfLDeZgNTHGGOCVATO90Nz eYe JE0ZKCFzLIGKS1h8ZSGqD3CI
+qfvEZ+omok3HT2nHeoVxs j34JrvmocOvjOQKBIQChULBBBDVCPOPLLD 4\ vyroy6B0uChGeRrXOWNIbHeC2LE in8s 1 onotWTosY znJuSCWEKL:

jrcH“FeBlISZvaHpjStqulxHaXlsXBLUngSZaovnaoyDiR9ngGZvkAiVVAuEfaF BH

5 = pbQ+apyvyt jOF+KKT7bUz L Evwwt AwDKHf raUAPx bt
qxReD4259JrNxz0dMXxBHhq3+d0Uw3Mb3DYNQLg+/LjZ7QVietY5rn00 x3devaf02Ngzp-o:g;AR:A:3rj|HxKJoOUlz28ToHcsszCN-Gqun$a'
tpKEjJI6LhSkwyiiA1DM2kr7hUTZr8pTcIyKA2j+2udzES3I+eH/OURSB 4,4 38A¢bVp2WPE2//XTUX22q0Pa9wDIreqbcl tab6oF XeQhM1pHCAL:
iZiw3jwTR6NL/vi6U4FnCueFDQrl0Jzy/171VgiAdZoHzr3WHt T+Q== JUAIR+Q99muXGe82BMaISC s LFI3YLXhDIWIW+wTR+aPYviRrUWgds:

0 subscription,decryption failed: b ql\xdd\xd7\xe3\x ==
a2_\xalXr\x85\xbf\x86\x9b\x93\xd2qE\xcc\xc7\x8b\xd0\xbf\ Pecrypted successfully: scutestd3

Figure 13. The reverse packet 1112 sent by 1114 could not be read.

The Wireshark network package analysis tool is utilized to inspect packets. Duplicate
packets are automatically converted to encryption technology by the message agent based
on the blockchain proposed by our research. When any message is captured through the
network, the dataset bits of the packet can be observed. Security has been enhanced. In
Figure 14A, it can be observed that the data field information of the TCP/IP packet is
encrypted and cannot be parsed. In contrast, Figure 14B shows that when using MQTT for
data exchange, the generated message information can be easily interpreted.



Appl. Sci. 2024, 14, 2975

14 of 16

est---en crypt_me

ssape Re ceives--« oo roivoa. ..
elloworl

Figure 14. (A). MQTT broker with message encrypt (B). Original message data information.

5. Discussion

The Internet of Things system adopts a registration mode for the communication
protocol. This allows different IoT devices to subscribe to each other and share message
tasks, such as power and water valve switches. However, issues may arise when only
the subscription task is performed. During the transmission, agents or subscribers may
record and monitor data packets due to the TCP/IP-based transmission operation. This
can lead to information security issues, such as hackers impersonating nodes to perform
publishing operations and invade the system, which can further damage the stability of the
IoT system.

Our study assigned different subscribers to the group that created the topic. Even
though non-authorized subscribers can complete the subscription through MQTT, the
retrieved data information remains uninterpretable because the non-publisher has granted
the right to the public key. The experimental verification results show that when the
connection is forcibly obtained, the data cannot be effectively interpreted and used, as
shown in Figures 8 and 13.

During our research, we examined the material format obtained by the broker and
the subscriber. We discovered that the subscribed contract address and key format can
be recorded through the contract formulation of the blockchain. However, other nodes
cannot obtain the publisher’s private key, ensuring security and preventing denial. At the
same time, the private key-generated information is also bound to the contract address.
Therefore, nodes in the group that obtain subscription information can only access the
public key through group subscription. Decrypting the data packets retrieved by itself
provides a secure method for exchanging communication data packets at the network
transport layer.

6. Conclusions

This study establishes data key exchange rules using blockchain data transfer record
logs. These rules construct data information under the Internet of Things communication
mode into a multi-communication topic subscription channel, allowing for data exchange
through different channels. Data encryption technology ensures non-repudiation and
makes it difficult to tamper with the rules.

As a contribution to our research, we propose a secure IoT communication model
that can prevent illegal acquisition and control of related service status during network
data exchange. Our model was tested through interactive experiments, which confirmed
that data cannot be obtained or controlled through any encrypted channel technology
other than blockchain. The research findings indicate that messages sent by different
MQTTs were successfully encrypted and decrypted using a mechanism that employs public
and private keys. The MQTT channels can also be parsed directly by targeting the same
subscription topic. This research establishes rules to improve the accuracy and reliability of
data collection and prevent unauthorized access to information transmitted by the Internet
of Things.

We initially limit the number of allocated nodes to propose an innovative commu-
nication encryption operation. This is to prevent excessive subscription rules that could
reduce the effectiveness of data encryption and decryption. In the study, we tested and
established experimental regulations based on the simulation of four unit nodes. We suc-
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cessfully cross-encrypted messages of different subscription topics, avoiding any data loss.
In future experiments, we will design a performance test plan for multi-node data frame
encryption and decryption to monitor the processing performance of relevant hardware.
We will also include the calculation performance of communication channel encryption in
subsequent research.
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