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 الملخص
بعصر جديد من االتصاالت، مما يتيح اإلتصال بين األجهزة  (IoT) تأتي إنترنت األشياء

 ممن األجهزة والنظ اكبير  اوالنظم وتبادل البيانات عبر اإلنترنت. ومع ذلك، فإن عدد
المتصلة قد أحدث حاجة إلى طبقة من البرمجيات التي تدير وتنسق التواصل بين هذه 

 الوسيطة إلنترنت األشياء. البرمجياتبوتسمى هذه الطبقة األجهزة والنظم. 
 IoTللبرمجيات الوسيطة إلنترنت األشياء )، نقدم مراجعة شاملة  في هذا الورقة 

Middleware )  بما في ذلك تعريفها وهيكلها ومكوناتها وميزاتها الرئيسية. نوفر تحليل
البرمجيات  ، بما في ذلك البرمجيات الوسيطة إلنترنت األشياء  مختلفة منالنوا  ألعميق ل
إلدارة   البرمجيات الوسيطةو  إلدارة البيانات  والبرمجيات الوسيطة إلدارة األجهزة  الوسيطة

يات في مواجهة التحدر البرمجيات الوسيطة إلنترنت األشياء التطبيقات. كما ندرس دو 
 .صية، والتكامل، والتوسع، مثل األمان والخصو IoT التي تواجه

البرمجيات الوسيطة إلنترنت  باإلضافة إلى ذلك، نناقش الالعبين الرئيسيين في سوق 
ونقارن عروضهم بالنسبة لميزاتهم، وقدراتهم، وقوتهم. وأخيًرا، نؤكد اإلتجاهات  األشياء

 اعين، بما في ذلك دمج الذكاء االصط للبرمجيات الوسيطة إلنترنت األشياءالمستقبلية 
(AI) ( والتعلم اآلليML.وظهور الحوسبة المتطورة وشبكات الجيل الخامس ،) 
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 األشياء، البرامج إلنترنت الوسيطة لبرمجيات، ااألشياء إنترنت - المفتاحية الكلمات
 .الوسيطة

Abstract 

  The Internet of Things (IoT) has brought about a new era of 

connectivity, enabling the interconnection of devices, systems, and 

the exchange of data over the Internet. However, the vast number of 

connected devices and systems has created the need for a layer of 

software that can manage and orchestrate the communication 

between these devices and systems. This layer of software is known 

as IoT middleware. 

In this paper, we present a comprehensive overview of IoT 

middleware, including its definition, architecture, components, and 

key security. We provide an in-depth analysis of the different types 

of IoT middleware, including device management middleware, data 

management middleware, and application management 

middleware. We also explore the role of IoT middleware in 

addressing the challenges faced by IoT, such as security and 

privacy, interoperability, and scalability. 

Furthermore, we discuss the key players in the IoT middleware 

market and compare their offerings in terms of their features, 

capabilities, and strengths. Finally, we conclude by highlighting the 

future directions for IoT middleware, including the integration of 

artificial intelligence (AI) and machine learning (ML), and the 

emergence of edge computing and 5G networks. 

Keywords— Internet of Things; IoT Middleware; Middleware.  

Introduction 

The Internet of Things (IoT) has emerged as a rapidly growing 

technology that has the potential to revolutionize various industries 

by enabling the interconnectedness of various devices and systems. 

IoT refers to the network of physical objects, including devices, 

vehicles, buildings, and other items embedded with sensors, 

software, and connectivity, which enables them to collect and 

exchange data over the Internet [1-5]. 
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However, the vast number of connected devices and systems has 

created the need for a layer of software that can manage and 

orchestrate the communication between these devices and systems.  

This layer of software is known as IoT middleware. IoT middleware 

serves as an intermediary between the IoT devices and the 

applications that makes use of the data generated by these devices 

[6 - 12]. 

 

 

Fig. (1) IoT architecture [19] 

IoT Middleware refers to the software that acts as a bridge between 

the Internet of Things (IoT) devices and the applications that process 

and analyze the data collected from those devices. It enables 

seamless communication and data transfer between these different 

components, ensuring that the IoT system as a whole operates 

efficiently and effectively [13-18]. 

The adoption of IoT middleware is growing rapidly as more and 

more organizations seek to take advantage of the opportunities 

presented by the IoT. However, the development and deployment of 

IoT middleware also present significant challenges, including 

security, scalability, and compatibility with a wide range of devices 
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and applications [20-23] as the global IoT middleware market size 

is expected to grow from $7.8 billion in 2020 to $19.5 billion by 

2025, at a CAGR of 20.5% during the forecast period [25]. 

To address these challenges, the IoT middleware market is evolving 

rapidly, with companies investing in research and development to 

create new and innovative solutions. Key players in the market 

include Amazon Web Services, Microsoft, Google, IBM, Oracle, 

PTC, Siemens, Bosch Software Innovations, Huawei Technologies, 

and Dell Technologies [24, 25].  

In conclusion, IoT middleware plays a crucial role in enabling the 

seamless communication and data transfer between IoT devices and 

applications. Its adoption is growing rapidly, and the market is 

constantly evolving to address the challenges posed by the IoT. As 

organizations continue to embrace the IoT, the demand for IoT 

middleware is likely to increase, driving further innovation in this 

field. 

 

Fig. (2) Types of IoT Middleware Components 

 

Architecture and Components 
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The architecture of IoT middleware typically consists of several 

components, including device management, data management, and 

application management as shown in Fig. (1). Each type serves a 

specific function, and their combination is essential for the 

successful operation of an IoT system. 

Device management middleware is responsible for managing the 

lifecycle IoT devices, including discovery, connection, 

configuration, and security. 

Data management middleware is responsible for managing the 

data generated by the IoT devices, including data collection, storage, 

and processing. Data management middleware ensures that data is 

collected, stored, and processed efficiently, providing scalable and 

secure data storage solutions. 

Application management middleware is responsible for providing 

an interface for the applications [20] to access the data generated by 

the IoT devices, including data visualization, analysis, and decision-

making. Application middleware provides the necessary tools and 

APIs for developing IoT applications, enabling seamless integration 

between devices and applications [23]. 
 

ADDRESSING THE CHALLENGES OF IOT: 
 

The challenges faced by IoT can be addressed by IoT middleware 

by providing certain features and capabilities. For example, IoT 

middleware can address the security and privacy challenges by 

providing encryption, access control, and data privacy features to 

ensure the protection of the data generated by the IoT devices. This 

is done by implementing security protocols and standards that 

encrypt the data transmitted between IoT devices and systems, and 

by providing access control mechanisms to prevent unauthorized 

access to the data. 

Similarly, IoT middleware can address the interoperability 

challenge by providing standard protocols and APIs that enable 

seamless communication between different IoT devices and 

systems. This is done by implementing industry-standard protocols 

such as MQTT, CoAP, and HTTP, and by providing APIs that 

enable different IoT devices and systems to communicate with each 

other. 



 

 Volume 13 العدد
 November 2222نوفمبر 

International Science and 

Technology Journal 

 المجلة الدولية للعلوم والتقنية

 

 حقوق الطبع محفوظة 
 لعلوم والتقنية ل الدولية مجلةلل

 

Copyright © ISTJ   6 

 

Finally, IoT middleware can address the scalability challenge by 

providing management features that ensure the efficient and 

effective deployment of IoT solutions. This includes features such 

as device management, data management, and application 

management, which enable the efficient management of IoT devices 

and systems. 

Overall, IoT middleware plays a crucial role in addressing the 

challenges faced by IoT, by providing the necessary features and 

capabilities to ensure the secure, interoperable, and scalable 

deployment of IoT solutions. [21 - 23]. 
 

KEY PLAYERS IN THE IOT MIDDLEWARE MARKET: 
The IoT middleware market is highly competitive, with several key 

players offering a wide range of solutions. Some of the key players 

in the IoT middleware market include Amazon Web Services 

(AWS), Microsoft Azure, Google Cloud, IBM Watson, and 

Salesforce IoT.                             . 

Each of these players offers different features and capabilities, such 

as data management, device management, and application 

management. For example, Amazon Web Services (AWS) offers a 

wide range of IoT services, including device management, data 

management, and application management, through its AWS IoT 

platform. Microsoft Azure provides a comprehensive suite of IoT 

services, including device management, data management, and 

application management, through its Azure IoT platform.  

Google Cloud offers a range of IoT services, including device 

management, data management, and application management, 

through its Google Cloud IoT platform. IBM Watson provides a 

comprehensive suite of IoT services, including device management, 

data management, and application management, through its Watson 

IoT platform. Salesforce IoT provides a comprehensive suite of IoT 

services, including device management, data management, and 

application management, through its Salesforce IoT platform [24]. 

Each of the key players in the IoT middleware market offers a 

comprehensive suite of IoT services, including device management, 

data management, and application management, through their 

respective platforms. While there are differences in the specific 
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features and capabilities offered by each player, the overall 

functionality of their solutions is quite similar. The choice of a 

specific IoT middleware platform may ultimately depend on factors 

such as pricing, ease of use, and compatibility with existing systems. 

Ultimately, it is recommended that organizations carefully evaluate 

their specific needs and requirements when selecting an IoT 

middleware solution. In Table 1, a comparison is presented among 

the major players in the field of IoT middleware cloud computing 

companies. 

Table 1. The Top Cloud Computing Companies [26] 

Platform Offered Services Key Features 

Amazon 

Web 

Services 

(AWS) 

Compute Engine 

Storage 

Databases 

Networking 

Security 

AI and Machine Learning 

Internet of Things 

Developer Tools 

Analytics 

Scalability 

Cost-effectiveness and 

affordability 

Reliability 

Security 

Global reach of the 

services 

Microsoft 

Azure 

Compute Engine 

Storage 

Databases 

Networking 

Security 

AI and Machine Learning 

Internet of Things 

Developer Tools 

Flexibility 

Analytics support 

Strong IT support 

Scalability 

Affordability 

Reliability 

Google 

Cloud 

Compute Engine 

Storage 

Databases 

Networking 

Security 

AI and Machine Learning 

Internet of Things 

Affordability 

User-friendliness 

Speed 

Advanced admin control 

capabilities 

Cloud-based data transfer 

IBM 

Watson 

Natural Language Processing 

Machine Learning 

Data Analytics 

Virtual Agents 

Blockchain 

Internet of Things 

Security 

High availability 

Cloud infrastructure 

administration 

Open-source 

Private, public, and 

hybrid cloud support 

Persistent data storage 

Salesforce 

IoT 

Device Management 

Event Processing 

Automation capabilities 

Software personalization 
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Data Analytics 

Integration 

Workflow Automation  

Customer Experience 

Advanced analytics 

Security 

AI-powered customer 

management 

 
FUTURE DIRECTIONS FOR IOT MIDDLEWARE: 

The future of IoT middleware is highly promising, with several 

emerging trends and technologies expected to shape its evolution. 

Some of the key trends in IoT middleware include the integration of 

artificial intelligence (AI) and machine learning (ML) to enable 

advanced data analysis and decision-making, the emergence of edge 

computing to enable real-time processing and decision-making, and 

the growth of 5G networks to enable high-speed and low-latency 

communication between IoT devices and systems [22]. 

 

CONCLUSION: 

IoT middleware plays a crucial role in the deployment and 

management of IoT solutions, providing a layer of software that 

manages and orchestrates the communication between the IoT 

devices and systems. IoT middleware provides a wide range of 

features and capabilities, including security and privacy, 

interoperability, and scalability, to address the challenges faced by 

IoT. The IoT middleware market is a competitive space with many 

significant players offering various solutions. IoT middleware acts 

as a bridge between IoT devices and applications, providing 

essential services such as data management, security, and 

integration. The future of IoT middleware appears promising, with 

several emerging trends and technologies shaping its evolution. 

One of the emerging trends in the IoT middleware market is the 

increasing adoption of cloud-based solutions. Cloud-based IoT 

middleware can handle massive amounts of data, provide scalable 

solutions, and allow for real-time processing of IoT data. Another 

emerging trend is the use of AI and machine learning to improve the 

processing and analysis of IoT data. 

Another technology that is expected to shape the future of IoT 

middleware is edge computing. Edge computing enables the 

processing and analysis of IoT data at the edge of the network, closer 

to the devices generating the data. This reduces latency and 
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improves response times, making it possible to support real-time 

applications and services. 

Overall, the future of IoT middleware looks promising, with a 

growing number of innovative solutions and technologies emerging 

to meet the needs of the IoT ecosystem. 
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