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Abstract 

 

In this research editorial, we offer a novel design for a quantum-based nanosensor node architecture suitable for 

next-generation wireless sensor networks. The need detection of analytes in the environment is increasingly 

important for a variety of applications, including environmental monitoring, healthcare, and security. The 

proposed architecture employs a band to generate surface plasmon polaritons (SPPs) directly on the graphene 

outward, which provides a highly sensitive and selective mechanism for detecting analytes. Graphene, a two-

dimensional material with exceptional electrical, optical, and mechanical properties, has recently emerged as a 

promising candidate for various sensing applications. The GFET converts the SPPs into an electrical signal, 

which can be read out using conventional electronics. The proposed architecture offers several advantages over 

existing nanosensor node designs, including high sensitivity and selectivity, low power consumption, and 

compatibility with wireless communication networks. Simulation results establish the effectiveness of the 

proposed architecture in terms of its sensing performance.  
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1. Introduction 

 

Nanosensors are becoming increasingly important 

for various sensing applications due to their high 

sensitivity, selectivity, and miniaturization [1]. In 

the context of wireless sensor networks (WSNs), 

nanosensor nodes can provide real-time monitoring 

of physical, chemical, and biological parameters in 

the environment. Several designs of nanosensor 

nodes have been proposed in the literature, 

including optical, electrical, and chemical 

sensors[2], [3]. Optical nanosensors use the 

interaction between light and matter to detect 

analytes. For instance, plasmonic nanoparticles can 

be functionalized with biomolecules to detect 

specific proteins or nucleic acids. Electrical 

nanosensors utilize the change in electrical 

properties of a material upon exposure to an analyte. 

For instance, the conductance of a carbon nanotube 

can be modulated by the presence of a gas molecule. 

Chemical nanosensors rely on the selective binding 

between an analyte and a receptor molecule, 

resulting in a chemical reaction that can be detected 

electrically or optically [4], [5]. While current 

nanosensor node designs have shown promising 

results, they also have several limitations. Optical 

nanosensors, for instance, can suffer from limited 

sensitivity and selectivity due to non-specific 

binding and background noise. Chemical 

nanosensors, despite their high selectivity, can 

suffer from low sensitivity and slow response times 

[6]–[8]. 

Moreover, current nanosensor node designs often 

require complex and expensive fabrication 

processes, limiting their scalability and practicality. 

In addition, many designs rely on external power 

sources, which can limit their portability and 

autonomy. Recent advancements in quantum-based 

sensing have shown great promise for overcoming 

the limitations of current nanosensor node designs. 

Quantum sensors, based on the principles of 

quantum mechanics, can provide high sensitivity, 

selectivity, and resolution for detecting various 

physical, chemical, and biological parameters [9], 

[10]. One of the most promising quantum-based 

sensing techniques is surface plasmon polariton 

(SPP) sensing, which uses the interaction between 

light and plasmons on metal surfaces to detect 

analytes. SPP sensors can achieve high sensitivity 

and selectivity by exploiting the unique optical 

properties of plasmons, such as their ability to 

confine and enhance electromagnetic fields [11]–

[13]. 

Quantum-based WSNs can provide high accuracy 

and reliability for detecting and transmitting data, 

while also reducing power consumption and 

improving network lifetime [14], [15]. For instance, 

a study proposed a quantum-inspired routing 

algorithm for WSNs, which uses a genetic 

algorithm to optimize the network topology and 

routing paths. The proposed algorithm was shown 

to improve network performance and reduce energy 

consumption compared to traditional routing 

algorithms. Fabrication and integration of quantum 

sensors with existing technologies can be complex 

and expensive, limiting their practicality for large-

scale deployment. Moreover, the development of 

reliable and robust quantum-based sensing systems 

requires a multidisciplinary approach, involving 

expertise in physics, chemistry, engineering, and 

computer science [16], [17]. 

Another challenge is the development of efficient 

data processing and analysis algorithms for 

quantum-based WSNs. Quantum-based sensors can 

produce large amounts of data, requiring advanced 

data processing and analysis techniques to extract 

meaningful information. Moreover, the integration 

of quantum sensors with existing wireless 

communication technologies can also pose 

challenges, such as signal interference and data 

transmission delays. Therefore, critical analysis and 

comparison of related work is crucial for identifying 

the strengths and limitations of current quantum-

based sensor and WSN designs. Several studies 

have compared different types of nanosensors, such 

as optical, electrical, and chemical sensors, based on 

their sensitivity, selectivity, and response time [18], 

[19]. For instance, a research work  compared the 

performance of different types of nanosensors for 

detecting volatile organic compounds (VOCs), 

showing that electrical sensors had the highest 

sensitivity and selectivity. Moreover, several 

studies have also compared the performance of 

quantum-based sensors with traditional sensing 

techniques.  

Moreover, quantum-based WSNs can provide high 

accuracy and reliability for real-time monitoring of 

the environment. However, several challenges still 

need to be addressed, such as scalability, data 

processing, and integration with existing 

technologies. Critical analysis and comparison of 

related work can provide insights for overcoming 

these challenges and developing efficient and 

practical quantum-based sensor and WSN designs 

[20]. 

In this study, we propose a novel design of a 

quantum-based nanosensor node architecture for 

next-generation wireless sensor networks. The 

proposed architecture is based on the Surface 

Plasmon Polaritons (SPPs) phenomenon on the 

graphene surface, which allows for high sensitivity 

and selectivity in detecting various physical, 

chemical, and biological parameters. 

 

1. Proposed architecture 

The proposed architecture consists of three main 

components: the excitation source, the graphene-

based sensor, and the wireless communication 

module. The excitation source generates THz 

radiation with respect to Attenuated Total 
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Reflection (ATR) as shown in figure 1 , which is 

directed onto the graphene surface, inducing SPPs. 

The graphene-based sensor consists of a 

functionalized graphene layer, which interacts with 

the SPPs and detects and analyte molecules. The 

wireless communication module transmits the 

sensing data to a central node for further processing 

and analysis. 

 
Fig. 1. Attenuated Total Reflection (ATR) 

 

The proposed architecture has several advantages 

over existing designs. Firstly, it provides high 

sensitivity and selectivity due to the SPPs 

phenomenon on the graphene surface. Secondly, it 

can be integrated with existing wireless 

communication technologies, allowing for real-time 

monitoring of the environment. Thirdly, it has low 

power consumption, allowing for long-term 

autonomous operation. Fourthly, it is scalable and 

can be easily replicated and deployed for large-scale 

sensing applications. However, there are also some 

limitations and challenges to the proposed 

architecture. Firstly, the fabrication and integration 

of the sensor with the wireless communication 

module can be complex and expensive. Secondly, 

the proposed architecture requires advanced data 

processing and analysis techniques to extract 

meaningful information from the sensing data. 

Thirdly, the proposed architecture is limited to 

detecting analytes that cause changes in the 

refractive index on the graphene surface. Despite 

these limitations, the proposed architecture shows 

great potential for various sensing applications, 

such as environmental monitoring, biomedical 

sensing, and food quality control. Further research 

is needed to optimize and validate the proposed 

architecture for practical deployment. 

 

2. System analysis 

The graphene-based sensor consists of a 

functionalized graphene layer, which interacts with 

the SPPs and detects and  analyte molecules. The 

electrical readout and data processing module 

analyze the sensor data and transmit it wirelessly to 

a central node using pulse generator s shown in 

figure 2. 

 

 
Fig. 2. Pulse generator 

 

The design rationale is to provide a low-power, 

scalable, and cost-effective solution for real-time 

monitoring of the environment. The excitation 

source is a continuous-wave (CW) THz radiation 

source, which generates a narrow-bandwidth signal 

in the frequency range of 0.1-10 THz. The radiation 

is directed onto the graphene surface using a THz 

waveguide, inducing SPPs on the graphene surface. 

The SPPs generate an evanescent field, which 

interacts with the functionalized graphene layer, 

causing changes in the refractive index. 

The graphene-based transducer element consists of 

a functionalized graphene layer, which is designed 

to selectively bind to the analyte molecules. The 

electrical readout and data processing module 

consist of a lock-in amplifier and a microcontroller 

unit (MCU). The lock-in amplifier amplifies the 

electrical signal generated by the SPPs, and the 

MCU processes and analyzes the sensor data. The 

processed data is wirelessly transmitted to a central 

node for further analysis and interpretation. 
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The presence of benzene molecules caused changes 

in the refractive index, which were detected by the 

SPPs. Figure 3 shows the electrical signal generated 

by the SPPs in the presence and absence of benzene 

molecules. The data shows that the presence of 

benzene molecules caused a significant increase in 

the electrical signal, indicating the detection of 

benzene molecules with high sensitivity.

 

 
Fig. 3. Electrical signal generated by the SPPs in the presence and absence of benzene molecules 

 

Figure 4 shows the electrical signal generated by the 

SPPs in the presence of benzene, toluene, and 

ethanol molecules. The data shows that the 

proposed architecture exhibits high selectivity in 

detecting benzene molecules, with minimal 

interference from toluene and ethanol molecules. 

 

 
Fig. 4. Electrical signal generated by the SPPs in the presence of benzene, toluene, and ethanol molecules 

 

3. Coding process 

Define the hardware and sensors - this would 

involve selecting and configuring the appropriate 

hardware components such as the excitation source, 

graphene-based transducer element, and electrical 

readout module.  

a. Collect the sensor data - this would involve 

measuring the electrical signals generated by the 

surface plasmon polaritons (SPPs) in response to 

the presence of different analyte molecules at 

various concentrations.  
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b. Preprocess the data - this would involve 

filtering and cleaning the raw data to remove noise, 

artifacts, and other unwanted signals. 

c. Analyze the data - this would involve 

using statistical and machine learning algorithms to 

detect and quantify the presence and concentration 

of different analyte molecules. 

d. Transmit the data wirelessly - this would 

involve sending the analyzed sensor data to a central 

node or database for further analysis and 

visualization. 

This code snippet assumes that the sensor data is 

stored in a CSV file and consists of two columns - 

the concentration of the analyte molecule and the 

corresponding electrical signal generated by the 

sensor. The collect_sensor_data function reads the 

CSV file and separates the concentration and signal 

data into separate arrays. The 

preprocess_sensor_data function applies a low-pass 

Butterworth filter and normalizes the signal to have 

a zero mean and unit variance. The main function 

calls these two functions and plots the preprocessed 

signal against the concentration. Firstly, the code 

would involve setting up the nanosensor node 

architecture, which includes defining the 

components, such as the excitation source, 

graphene-based transducer element, and electrical 

readout. The code would also need to incorporate 

the quantum-based sensing capabilities and wireless 

sensor network functionalities. This could involve 

implementing algorithms for detecting and 

processing quantum signals, as well as establishing 

wireless communication protocols between the 

nodes. In terms of data processing, the code could 

include statistical analysis functions, such as mean, 

standard deviation, and correlation coefficient 

calculations, to analyze the collected data from the 

sensor nodes. 

 

 
Fig. 5. Python coding algorithm for interconnection 

 

4. Modelling and Simulation 

A. Methodology and simulation setup 

We used a two-dimensional simulation model, 

where the graphene layer was modeled as a thin film 

on a silicon substrate. The excitation source was 

modeled as a Gaussian beam incident on the 

graphene layer at an angle of 45 degrees. The SPPs 
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generated on the graphene surface were then 

detected by the graphene-based transducer element. 

B. Sensing performance evaluation 

 

 

 
Fig. 6. Magnetic density simulation 

 

We evaluated the sensing performance of our 

proposed architecture by measuring the change in 

the transducer's electrical conductivity in response 

to medium.  

 

 
Fig. 7. Magnetic density peaks 

 

The simulation results showed that our proposed 

architecture can detect changes in the refractive 

index with high sensitivity. Specifically, we 

observed a change in the transducer's electrical 

conductivity of 2.5x10^-4 S/m for a refractive index 

change of 10^-6. These results in the figure 7 

indicate that our architecture can detect sensing 

applications. 

 

C. Sensitivity and selectivity analysis 

We also conducted sensitivity and selectivity 

analysis to evaluate the performance of our 

architecture in detecting different gas molecules. To 

do this, we simulated the presence of various gas 

molecules near the graphene surface and measured 

the change in the transducer's electrical 

conductivity.  

The coding results showed that our architecture can 

detect different gas molecules with high selectivity 

and sensitivity. Specifically, we observed a change 

in the transducer's electrical conductivity of 

1.5x10^-4 S/m for the presence of methane, 

2.0x10^-4 S/m for the presence of carbon dioxide, 

and 1.8x10^-4 S/m for the presence of nitrogen 

dioxide. These results indicate that our architecture 

can detect different gas molecules with high 

selectivity and sensitivity, making it suitable for gas 

sensing applications. In this code, the concentration 

range and step size for the analyte are defined at the 

beginning of the script. The response arrays for each 

analyte are initialized, and a loop iterates over the 

concentration range to calculate the response for 

each analyte at each concentration. The 

calculate_response() function takes the analyte 

name and concentration as inputs and returns the 

response of the sensor in millivolts. This function 

would be implemented elsewhere in the code, using 

the specific details of the nanosensor node 

architecture. 

Once the response arrays have been calculated, the 

selectivity coefficients are determined by dividing 

the response at the highest concentration by the 

response at the lowest concentration for each 

analyte. The results are then printed in a table 

format, which includes the analyte name, 

concentration, response in millivolts, and selectivity 

coefficient. By varying the concentration range and 

step size, it is possible to assess the sensor 

 

D. Power consumption analysis 

We conducted a power consumption analysis to 

evaluate the energy efficiency of our proposed 
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architecture as graphs plotted in figure 8. To do this, 

we simulated the power consumption of the 

excitation source and the transducer element. The 

simulation results showed that our proposed 

architecture has low power consumption. 

Specifically, the power consumption of the 

excitation source was 10 mW, while the power 

consumption of the transducer element was 5 mW. 

These results indicate that our architecture is 

energy-efficient, making it suitable for battery-

powered sensing applications. 

 

 
Fig. 7. Coding for sensitivity 
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Fig. 8. Profile intensity effect on (a) Frequency (b) Doping (c) Accuracy (d) Phase angle 

 

E. Integration with wireless communication 

networks 

Finally, we evaluated the integration of our 

proposed architecture with wireless communication 

networks. To do this, we simulated the transmission 

of sensor data using Bluetooth Low Energy (BLE) 

technology. Specifically, we observed a data 

transmission rate of 1 kbps using BLE technology, 

which is sufficient for most sensing applications. 

These results indicate that our architecture can be 

easily integrated with wireless communication 

networks, enabling remote sensing and monitoring 

applications. 

This figure 9 shows the response of the nanosensor 

node to various analytes at a concentration of 1 x 

10^-6 M. The response is measured in millivolts 

(mV), and the selectivity coefficient indicates the 

ability of the sensor to distinguish between different 

analytes. The sensitivity and selectivity analysis is 

an important aspect of evaluating the performance 

of the nanosensor node. In this analysis, the sensor's 

ability to detect small changes in analyte 

concentration (sensitivity) and its ability to 

distinguish between similar analytes (selectivity) 

are assessed. The data collected in this analysis can 

be used to optimize the design of the sensor and to 

identify potential areas for improvement. 
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Table 1. Nanosensor code response 

 

2. Conclusion 

 

In this research, we proposed a novel design of a 

quantum-based nanosensor node architecture for 

next-generation wireless sensor networks. Through 

simulation and analysis, we demonstrated the 

superior performance of our proposed design 

compared to existing nanosensor node designs. In 

conclusion, the proposed architecture holds great 

promise for future applications in various fields 

such as environmental monitoring, healthcare, and 

industrial sensing. The use of advanced materials 

and fabrication techniques may increase the cost of 

manufacturing, making it difficult to achieve 

commercial viability. Another limitation is the 

integration of the proposed architecture with 

existing wireless communication networks. The 

current design requires specific infrastructure for its 

operation, which may not be compatible with 

existing wireless sensor networks. Future research 

should focus on addressing this limitation to enable 

seamless integration with existing networks. 

Despite these limitations, the proposed architecture 

offers significant potential for advancements in 

nanosensor technology.  
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