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Several developments are being undertaken by society to advance artificial intelligence, 

nanotechnology and apply it in medicine, defense, agriculture, telecommunications, and 

computing. A lot of funding is being made available to non-profits and corporations to help 

develop this technology. As part of the Internet of Things (IoT), the goal is to get sensors to 

connect to each other and interact intelligently with each other. However, replacing sensors 

with nano-sensors has provided a completely new aspect to IoT, which is called Internet of 

Nanothings (IoNT). In the near future, IoNT may become a powerful tool with the 

integration of artificial intelligence. The technology has a variety of applications and 

promising prospects. We will study and analyze the opportunities and challenges of IoNT in 

the various applications that are related to the various domains in this paper. Since AIoNT 

is considered the next generation of IoNT, we will focus on it in this paper. 

 

1. Introduction 

Most Today, researchers have shown immense interest 

in dealing with the field of IoT and exploring its 

applications. The Internet is a communication system 

that is used to connect individuals to information, while 

the Internet of Things (IoT) is a system of interconnected 

physical objects that are addressable and have a range of 

processing, sensing, and actuation capabilities [1-2]. 

Therefore, the Internet of Things' main goal is to enable 

objects to communicate with other objects, or 

individuals, over any network, path, or service at any 

time or place. Basically, the Internet of Things consists of 

a large number of things or devices like sensors, 

actuators, transducers, computing units, RFID (radio 

frequency interface devices), and other technologies, 

which can facilitate the collection or exchange of data 

through the Internet [3-4]. Further, IoT with 

nanotechnology has enabled advanced sensors to 

expand into smart communication networks that 

facilitate data collection at poorly accessible locations 

[5-6]. With the use of nanotechnology, devices are being 

developed at the nanoscale that can interact at the 
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molecular level through atom-by-atom engineering [6-7]. 

Due to their nanosizes, they can penetrate into cells and 

can develop more complex applications like health 

monitoring with nanosensor networks or body sensor 

networks [8]. So, the Internet of Nano Things is the 

network of nanomachines or devices such as 

nano-biosensors integrated in the network 

infrastructures, which has seen keen interest of research, 

especially in the field of medical diagnostics [9]. IoNT 

can transform the way of communications and realize 

the world at the "bottom" level by improving 

communication efficacy at the molecular scale [9,6]. 

Based on IoT, many technologies have been developed, 

like the Internet of Nano Things, Internet of Things in 

healthcare (including remote monitoring systems), and 

the Internet of Medical Things, which blends medical 

devices with internet connectivity[10-11]. The Internet of 

Nano Things represents an advanced evolutionary stage 

of the Internet of Things, characterized by the integration 

of nanoscale sensors and devices into existing 

communication networks [12]. By leveraging the unique 

properties of nanoscale materials, this paradigm enables 

the monitoring of biochemical signals in complex in vivo 

environments or at remote locations that are otherwise 

unreachable by conventional sensing technology [13]. 

This architectural transition involves the use of 

nanorouters that act as bridges between these miniature 

components and macro-scale network infrastructure 

[14-15]. These hybrid nano-micro interface devices 

aggregate data from nanorouters and translate 

information across scales, utilizing the terahertz band for 

high-frequency communication [16]. The exploration of 

the Internet of Things (IoT) has been showing 

breakthroughs in the various fields of applications like 

communication networks, healthcare systems, traffic 

monitoring, agriculture, smart cities, industries, etc [17]. 

Majorly, these technologies are being used for 

monitoring and management of patients in real time. 

Furthermore, IoNT is also used in other applications like 

agriculture, industrial areas, environments, etc. From the 

last few years, IoT has become a significant part of life as 

the population increases day by day, especially in the 

field of healthcare and medical systems. This technology 

is used to monitor the various kinds of chronic diseases 

at home. IoT technology can transform the healthcare 

system with the innovation of new medical devices like 

wearable technologies that make it easy to monitor the 

various chronic diseases.  

 

2. IoNT Architecture 

Figure 1 illustrates a hierarchical Nano-network 

architecture, which is a fundamental framework for the 

Internet of Nano-Things (IoNT). This architecture 

enables communication between nanomachines-devices 

integrated at the nanoscale-and the macro-scale world. 

1) Nano-sensors (NS): They are nano-machines that 

accomplish various tasks, such as computation and 

transmission of data. It can be used where transmission 

is required for smaller distances and utilizes small 

memory for the storage of data. Such as a biosensor 

network, a physical nanosensor, and a chemical 

nanosensor, which are being fixed inside the human 

body through nanodes. Normally, these nanosensors are 

being used in the healthcare systems to perform various 

tasks such as detection, monitoring, and treatments. 

They can sense the chemical compound in parts per 

billion or can detect the various infection agents, i.e., 

viruses, injurious bacteria, etc. The sizes of the 

nanosensors are comparable with the dimensions of 

bio-cells (1-100 nm), for example, bio-transferrable 

graphene wireless nanosensors. Further, collective data 

via nano-sensors are being processed and are communal 

with the other nano-devices. Accordingly, the 

nanodevices with their miniaturized computational part 

are being encapsulated in the small tiny box, i.e., 

nanomachines. Further, numerous nanomachines can be 

connected via nanorouters to route the measured data to 

other external or internal devices such as mobile phones. 

An interconnected cluster of these nanodevices is called 

a "nanonetwork." 

2) Nano routers (NR): The aggregation of all the 

information collected from nano-machines can be 

controlled through nano-routers. They acquire large 

computational power in contrast to nanodes. 

3) Nano-Micro interface gadgets: These devices 

further aggregate the data from all nano-routers and 

have the responsibility of data accumulation, initiating 

from nano-switches, and sending it to the microscale 

machines. These devices function as hybrid gadgets that 

operate at the nanoscale using nano communication 

systems, as well as traditional communication systems 

with established network protocols. 
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4) Cognitive Nano-Router (CNR): The Cognitive 

Nano-Router is a more sophisticated component that 

introduces intelligence into the network. Unlike a 

standard NR, a CNR can: (i) Spectrum Management: 

Dynamically adapt its communication parameters (often 

in the Terahertz (THz) band) to avoid interference and 

optimize throughput. (ii) Decision Making: Process data 

from multiple NRs to make high-level routing decisions. 

(iii) Coordination: Manage the overall traffic flow within 

a specific nano-network domain before passing it to the 

gateway. 

5) Gateway: It enables the remote control of the entire 

nano-things network over the Internet. Example: 

Considering Body Sensor Networks-with the use of a 

gateway, all the sensor data from the human body can be 

accessed anywhere and everywhere by doctors over the 

Internet. The Gateway serves as the bridge between the 

nanoscale domain and the macroscale world (e.g., the 

Internet or a local server). It performs protocol 

translation, converting the specialized communication 

protocols used by nanomachines into standard protocols 

like TCP/IP. This allows remote users to monitor and 

control the nano-network from a macro-scale device, 

such as a smartphone or a computer. 

 

 
 

Figure 1: Hierarchical nano-network architecture 

 

3. Evaluation of IoNT to AIoNT 

Artificial Intelligence enabled Internet of Nano Things 

(AIoNT) is an emerging interdisciplinary field that 

combines nanotechnology, communication networks, 

and artificial intelligence to develop intelligent 

nano-scale devices capable of sensing, processing, and 

exchanging information. In AIoNT, nanosensors and 

nanodevices operate in coordinated nano-networks to 

collect highly accurate data from various environments 

such as healthcare systems, industrial processes, and 

environmental monitoring. The integration of AI 

techniques, including machine learning and deep 

learning, enables these nano-devices to make local 

decisions, reduce communication overhead, and 

enhance overall system efficiency. AIoNT extends the 

capabilities of the traditional Internet of Things (IoT) by 

embedding intelligence at the nano-scale, supporting 

advanced applications such as targeted drug delivery, 

early disease detection, smart materials, and real-time 

pollution monitoring. However, this technology still 

faces several challenges, including severe energy 

limitations, security concerns at the nano-scale, and the 

need for reliable communication protocols. Despite these 

challenges, AIoNT holds strong potential for 

next-generation intelligent systems with high precision, 

autonomy, and scalability [36-37].  

 

Table: 1 Comparison between IoT, IoNT and AIoNT  

Feature IoT (Internet 

of Things) 

IoNT (Internet 

of Nano 

Things) 

AIoNT 

(Artificial 

Intelligence of 

Nano Things) 

Basic Concept Network of 

physical 

devices 

connected to 

internet 

Network of 

nano-scale 

devices 

communicating 

with each other 

IoNT 

integrated 

with Artificial 

Intelligence 

Device Size Large to small 

devices 

(sensors, 

appliances, 

machines) 

Nano-scale 

devices (1-100 

nm) 

Nano devices + 

intelligent AI 

systems 

Communicatio

n Range 

Short to global 

(via internet) 

Extremely 

short (nano 

communication

, molecular 

level) 

Nano + 

intelligent 

long-range 

decision 

systems 

Technology 

Used 

Sensors, Wi-Fi, 

cloud 

computing 

Nanotechnolog

y, molecular 

communication 

AI, Machine 

Learning, 

Deep Learning 

+ IoNT 

Data 

Processing 

Cloud / Edge 

computing 

Very limited 

processing at 

nano level 

AI-based 

real-time 

intelligent 

processing 

Autonomy Semi-automate

d 

Highly 

constrained, 

mostly 

controlled 

Fully 

autonomous 

intelligent 

systems 

Energy 

Requirement 

Moderate to 

high 

Extremely low 

(nano-energy 

harvesting) 

Optimized 

using AI for 

efficiency 

Applications Smart home, 

smart city, 

healthcare, 

industry 4.0 

Medical 

nano-robots, 

environmental 

monitoring, 

Smart 

healthcare 

diagnosis, 

intelligent 
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targeted drug 

delivery 

nano-sensors, 

defense 

systems 

Complexity Medium Very high 

(scientific + 

nano 

engineering) 

Extremely high 

(nano + AI 

integration) 

Decision 

Making 

Rule-based / 

cloud-based 

Very limited Intelligent 

decision-maki

ng using AI 

 

4. Applications of AIoNT  

IoNT has great potential in the various fields of 

applications especially in medical and healthcare system. 

 
Figure 2: Health monitoring system via IoNT 

 

1) Healthcare: The Internet of Bio-NanoThings 

represents a paradigm shift in medical applications, 

where biocompatible nanodevices are integrated into 

communication networks for novel monitoring and 

intervention capabilities [18]. This integration allows 

real-time data acquisition from inside the human body, 

which facilitates remote diagnostics, targeted drug 

delivery, and continuous monitoring of health 

parameters by healthcare providers [19-20]. The 

capability of this is mainly derived from the application 

of nanosensors in the human body that continuously 

monitor important biological information and 

communicate it to external systems [21]. These 

nano-networks facilitate precise therapeutic actions 

within the body, such as localized drug delivery, 

regenerative tissue engineering, and advanced nanoscale 

or intracellular surgery [22,16]. Furthermore, the 

integration of these molecular and nanomachines within 

a heterogeneous bio-nano-thing paradigm, as part of the 

comprehensive IoBNT architecture, allows for 

sophisticated external, distributed, or programmed 

control of therapeutic and diagnostic interventions, 

achieving high spatiotemporal resolution [23]. This 

framework extends beyond the capabilities of individual 

devices by creating bio-nanonetworks that facilitate data 

sharing, fusion, and coordinated information processing 

in biological environments through molecular 

communication [25-26]. 

2) Environmental monitoring: Through the deployment 

of nanosensors in various public locations, IoNT 

facilitates precise and real-time environmental 

monitoring by detecting chemical compounds released 

by plants and overall pollution levels [13]. This 

advanced monitoring extends to tracking car traffic more 

efficiently and to observing climate change and 

temperatures with extreme accuracy [28]. Furthermore, 

nanosensors can detect pathogens and allergens indoors 

and outdoors, enabling real-time monitoring of air 

pollutants in concentrated areas and triggering 

remediation efforts [21]. Beyond atmospheric analysis, 

IoNT applications also encompass optimizing 

agricultural practices by monitoring crop conditions and 

aiding pest management [30]. The IoNT also provides a 

robust framework for detecting greenhouse gases via 

over-the-air spectroscopy, thereby contributing to 

climate change mitigation strategies [31]. 

3) Agriculture: The integration of the Internet of 

Nanothings facilitates unprecedented precision in 

resource management by utilizing nanoscale sensors and 

actuators to optimize the application of water, fertilizers, 

and pesticides. Systems enable real-time monitoring of 

soil nutrient levels and crop health, ensuring that inputs 

are applied only when and where required to maintain 

sustainability and cost-effectiveness [29-30]. Beyond 

resource optimization, these networks also employ 

smart delivery systems that enable site-specific release of 

agrochemicals, significantly reducing environmental 

runoff and the risk of eutrophication [27]. Furthermore, 

the integration of the Internet of Bio-NanoThings enables 

the deployment of biosensors and actuators directly 

within or in close proximity to plant structures to 

monitor internal chemical signaling and metabolic 

processes [32]. These advancements extend to livestock 

management as well, where nanoscale sensors track 

hormone levels to optimize fertility and health outcomes 

[16]. Additionally, implementing such networks enables 

real-time detection of greenhouse gases to mitigate 

climate-related impacts and enhances continuous 

monitoring of agricultural yields for quality. 

 

5. Limitation and challenges 

IoNT is regarded as the most miniaturized nanosensor 

network, with significant potential for adoption in 
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real-time applications across diverse fields. Despite 

numerous advantages, IoNT also faces challenges, 

including communication routing efficiency, limited 

processing capacity at the nanoscale, and the imperative 

to develop robust security frameworks to mitigate data 

theft and unauthorized system disruption [33]. 

Furthermore, the vulnerability of these devices to 

physical tampering remains a primary concern due to 

their minute dimensions, which complicates the 

implementation of traditional hardware-level defensive 

measures [34]. Furthermore, the deployment of 

large-scale nanonetworks introduces acute scalability 

challenges, as the cumulative traffic overhead from high 

node density frequently overwhelms the limited 

bandwidth capacity of current gateways [13].  Moreover, 

the lack of standardized communication protocols across 

heterogeneous nanomaterial architectures complicates 

seamless interoperability between disparate sensing 

platforms [35]. Beyond these interoperability issues, the 

reliance on chemical-based molecular communication 

requires deeper investigation into signal-propagation 

stability to ensure reliable data transmission in complex 

biological or environmental media. 

 

6. Conclusion  

The advancement of AI, nanotechnologies and 

nanomachines, the Internet of Things (IoT), and the 

Internet of Nano Things (IoNT) will have a significant 

influence on nearly everything. Every field in the near 

future. In the near future, researchers are developing 

AIoNT-based nanomachines for live deployment in a 

variety of locations. In addition to nanomachines, 

applications, and research fields, this study presents a 

thorough analysis of the Internet of Nano Things (IoNT), 

which is thought to be the next evolutionary step in the 

field of AI and nanotechnology. 
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