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Abstract 

his paper is a on general applications of 

nanosensors. An improvement of sensing 

technologies, nano technologies, 

embedded systems, and miniaturization makes 

it possible to invent smart devices or systems to 

monitor and control different activities in 

various area of applications continuously. The 

study was aim to review some of the current 

research work based on applications of 

nanosensors in the fields of smart devices such as 

laptops, mobile phones, tablets and wearable 

devices like smart 

watch, IoT are 

discussed in this 

article. Approaching 

technological 

limitations, issues and 

challenges are 

outlined, and new 

solution approach for 

such challenges are 

described in details.  

 

INTRODUCTION 

anotechnology has led to the development of nano-machines 

which are miniature components containing of assembled set 

of molecules carrying out pre-determined tasks. The 

internetwork of nanosensors and nanodevices with internet has led to 

development of Internet of Things (IoT) and expanded to the “Internet 

of Nano Things” (IoNT) [1]. Wireless Nanosensors Network (WNSN) for 

an intrabody application consist of integrated nanosensors, attached in 

the human body for collecting data for diagnostic and recommends the 

treatment plan for the patients through accurate disease detection [2]. 
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Monitoring sensors have becoming paramount in many applications 

such as security, smart irrigation, medical, education, entertainment, 

businesses and other related fields. It’s uppermost useful in providing 

reliable and accurate information on individual’s activity, ensuring a 

harmless and sound living environment [3]. Nano referred to 

nanotechnology, or as unit of measurements on a scale of nano (10−9) 

meter (One-Billionth). A sensor is a semiconductor device that detects 

and convert physical, chemical quantities into suitable form for 

measurements [4],[5]. The most common applications of nanosensors 

used for monitoring human motions, includes medical assessment, 

monitoring individuals, and activity recognition. The human motion 

examination helps experts and researchers in the field to get a 

quantitative analysis of motion parameters of the patients. Measuring 

body movements precisely is important to identify irregular 

neuromuscular control, biomechanical disorders and prevention of injury 

[6].  Mostly, human activity assessment supported by extremely 

accurate specialized systems such as wireless sensor networks (WSN)  

[3] [6].  

The Pyroelectric Infrared (PIR) sensor is a type of nanosensors that are 

used for motion detection and direction of an object such as human, at 

wavelength of about (0.008 – 0.014m) which are   mostly used in 

residence and it has the following features; small in size, inexpensive and 

less power consumption. Furthermore, it’s not intrusive to human 

secrecy [7],[8]. Therefore, PIR sensors are positioned in industries, 

institutions, Stadiums, or Banks where maximum security is at the 

highest level. An array of sensors are used to locate the presence of an 

intruder by several levels of inference and considering application 

specific diverse geometry [9],[10]. 

In modern smart agriculture, the monitoring and controlling a distantly 

remote farm and the growing plants requires concentration are 

technically challenging business. However, sensors provide efficient 

solutions with a low cost effective to monitor and control [11]. The 

deployment of an WSN would enable the operators to have total control 

and monitor the environmental effects influencing the plant growth [12].  
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Figure 3: Deployed WSN in Agriculture [9]. 

The WSN is a collection of various nanosensors that are deployed at a 

remote farm location where the parameters are to be sensed, monitored 

and controlled [13]. Thus, temperature sensors are widely used to sense 

and measure the temperature in our daily lives, health monitoring 

systems, in food storage such as beverage industries and smart farming 

[14], [15], [16].  

 

Applications 

The application of nanosensors in some areas are stated below: 

• Smart Agriculture 

• Medical Science 

• Integrated Circuits (ICs) 

• Communication 

• Transportation 

• Safety 

• Building and Facilities 

• Military 

The digital circuits are embedded into nano scale, faster, and less power 

consumption. A very large scale integrated (VLSI) circuits such as 
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microprocessors and microcontrollers are used for most of the smart 

electronic devices such as smart phones, tablets, smart wrist watches, 

others are Bluetooth, zigbee and many more devices [17].  

 

Issues & Challenges 

The engineering research groups are working day and night to design 

and miniaturize nanosensors devices which are used to facilitates in 

monitoring and control of diverse applications such as human activities, 

temperature, pressure, humidity measurements and many more [18]. 

The power consumption, device reliability and high-speed performance 

are the major challenges confronted the design engineer on design, 

fabrication and operation. The Moore’s law, states that the number of 

transistors that can be embedded on an IC can be doubled in every two 

years. 

 
Figure 4: Moore's Law (Source: Intel) 

The most design challenges are based on the hardware and software 

limitations which initiating from the dimension, device performance, 

operating conditions, less power consumption, safety requirement, 

light-weight and as well as the cost of implementation.  

According to author [3],  proposed a warm wearable sensor device which 

can be squeeze continuously used by the patient or an individual 

comfortably. The main drawback in his work are energy consumption, 

precise data collection, data secrecy and patient identification (ID) which 

bring idea to improve the performance of wearable sensing devices. 

Author in [19], proposed a nonlinear and reconfigurable system for an 

audio sensor interface to address some of the challenges listed above. 

The author in [20] and [21] presented a review on unobtrusive detecting 

techniques using wearable system or integrated into environments.  
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Proposed Solutions 
Based on the recent technology, the author in [17] proposes a new 
design technique for smart devices and the new series of IC system 
integration such as Universal Sensors and Transducers Interface (USTI) 
were the technological limitations, issues and challenges are outlined. 
The state-of-the-art design and technological limitations are due to the 
circuit complexity and design combination. The new design method will 
be based on precision conversion between from analog and digital data 
used in smart devices. This can be done by significantly multiplying the 
number of sensors that miniaturize and embedded into nano devices 
such as smart watches, thin laptops, smartphones and tablets. As a result 
of that the number of software applications for such nano devices will 
also be increased so that the device’s performance can be improved and 
reducing the device power consumption.  
The number of research publications over a range of eight (2011 – 2019) 
years that worked only on different nanosensors with various area of 
applications are reported on Table 1 and also depicted on Figure 6.  
 
Table 1: Published Research of Nanosensors over Years (source: 
www.library.ethz.ch) 

S/No. Database Years ranges (2010 – 2018) 

1. Sensors 140,720 

2. Wearable Sensors on Chemical 7,260 

3. Wearable Sensors on Physical 22,347 

4. Wearable Sensors on Biological 6,655 

5. motion detection sensors 75,402 

6. Wireless NanoSensor 487 

7. Wireless Sensor 269,767 

 

http://www.library.ethz.ch/
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Figure 5: Different Application of Nanosensors Research for Eight Years 

The author in [6], proposed a developed system for physiological 

monitoring as shown in figure 4.  

 
Figure 6:  Block diagram of system hardware for Monitoring Human 

Activities [22]. 

 

The system consists of several sensors used to detect physiological 

variables such as heart rate, body temperature, etc. The system consists 

of heart rate, temperature sensors to detects the heartbeat speed and 

skin temperature, as well as accelerometers to measure any fall that may 

occur. Microcontroller collects all the measured physiological 

parameters to analyze and process [23]. Based on the processed result 

data the central controller may either generate a warning message to the 

doctor based on the current physiological condition of the person being 

monitored and may help to detect early disease and any likely health 

threat [24]. 

The users need to be satisfied that it is beyond notification. The 

information from the wearable sensors may be used for long duration 

health monitoring and may estimate the future health condition. The 

important of the proposed system is shown in figure 5, the security issue 

requires to be properly solved to make the monitoring system 

acceptable to the widespread community without any doubts, fear or 

anxiety [25], [26].  
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Figure 7: Diagram of an implemented for Human monitoring activity 

system [25]. 

 

Moreover, there is a huge glimpse of confidence that wearable smart 

devices, such as Android and Apple Watches, will be always with us 

which will be similar strapping a computer on our arms [27]. The watches 

are expected to be for an individual person, near and is based on 

technology trying to settle our bodies [28]. It is designed to track our 

movement, detecting to our heartbeat and places our entire body on 

line. The data information from the wearable smart devices may be used 

to estimate the motion of the human under monitoring condition, and 

the experimental stage is shown in figure 6 has been presented [26]. 

Time will come when the whole computer systems may be invented in 

such a way that it can be possible more for the human wearing it as a 

small and smart device [10]. 

According to [10], a Passive infrared sensor (PIR) sensor having its dual 

detecting elements aligned in a motion plane that can allow a clear track 

information to be made for a moving object. Consequently, we can 

visualize a moving direction using sensing devices composed of an array 

of PIR sensors, each of which is focused with the moving direction we 

need to track, consider an array of four PIR sensors for sensing eight (8) 

different directions, as such, North (N), North-West (NW), West (W), 

South-West (SW), South (S), South-East (SE), East (E), North-East (NE) 

directions. It is possible to achieve more precise direction by the devices 

consisting of more PIR sensors.  

Figure 6 illustrates the effect of the number of PIR sensors on 

recognising the accuracy of moving direction in the result sections 

https://en.wikipedia.org/wiki/Passive_infrared_sensor
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below. For our experiments, we have arranged a four PIR sensor-based 

direction detecting device as shown below. 

 

Figure 8: (i) A realized top view of four array of PIR sensors, (ii) A 

schematic diagram four PIR sensors with detecting elements focused at 

W-to-E, NW-to-SE, S-to-N, SW-to-NE angles[10]. 

 

Data Collection Analysis 

The experiments contained of capturing PIR sensor signals while 

experimental objects walk in eight (8) different directions in a controlled 

area, as shown in Figure 7. The controlled area about 3.6 m2 wide and the 

height from the ceiling is 2.6 m. The moving direction sensing devices are 

fixed to the ceiling in the middle of the area. We received the PIR sensor 

signals from six experimental objects [29]. The average height of the 

objects is about 1.742 m and the standard deviation is 0.041 m. The 

average weight of the objects is 69.83 kg and the standard deviation is 

10.34 kg.  

We asked the participants to walk at a moderate speed in eight (8) 

different directions from D1 – to - D8 circle to circle, along the dashed 

lines. For each direction, the sensing device captured ten (10) different 

walking samples from each participant, and finally calculated a total of 

480 walking samples [8]. 



 

 

 250 

MEDITERRANEAN PUBLICATION 
AND RESEARCH INTERNATIONAL 

INTERNATIONAL JOURNAL – PAS  
VOL. 4 NO.1 MAR-2018 ISSN: 1660-5332 

EDITOR-IN-CHIEF 
Prof. G.O. Emerole [NIGERIA] 

 
Figure 9: (i) An experiment for collecting PIR signals when walking (ii) A 

top view of the monitored field. 

 
Figure 10: The PIR output signal [8]. 

 

Figure 8 illustrates the signals resulted from our data collection software 

while participant is walking through the controlled area. We know that 

the signals from PIR sensors varies based on the focuses of the detecting 

elements in PIR sensors [30].  It is well known that the signal amplitude 

that is the difference between the maximum and minimum value of the 

PIR output and passage duration (the time during while PIR output 

exceeds two thresholds above and below 
𝑉𝑑𝑑

2
)  which can be used as a 

feature set to classify the distance of the body from the PIR sensors [31]. 

They also used a peak detection technique (1-positive and 1-negative) to 

identify the direction of the movement. Nevertheless, the feature sets 

are selected only considering detecting two opposite directional 

motions based on a single PIR sensor. We therefore have decided to 

initial use the time series detected from the PIR sensor array as a feature 
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set for identifying walking directions, and then deployed another 

reduced feature set composed of peak values from PIR sensor signals. 

We will demonstrate the effect of the trade-off between the amount of 

computation load and recognition accuracy in the result sections below. 

 

Experimental Results  

For classification analysis, we used 10 times, different 10-fold cross-

validation experiments with the same learning method and data set, 

averaging the 100 experimental results. The result in Table 9 shows the 

comparison of recognition accuracy (%) of walking direction classification 

based on the raw data set from PIR sensors with unmodified lenses. 

Table 2: Summary Results of Classifier [8]. 

  Detection Accuracy (%) 

classifier PIR 1 PIR 1,3 PIR 

2,4 

PIR 

1,2,3 

PIR 

1,2,3,4 

  O × O × × O O O O O 

  × × × O O × × O O O 

Bayes Net 83.7 83.79 85.5 91.71 92.04 

Decision Table 68.79 72.94 76.54 83.44 83.27 

Decision Tree 82.77 85.15 85.73 89.79 89.65 

Instant based learning 89.02 92.21 93.48 95.15 95.31 

Multilayer Perceptron 82.13 89.81 89.83 92.21 92.5 

Naïve Bayes 73.19 80.17 82.65 90.6 91.44 

Support Vector Machine (Linear kernel) 76.15 91.54 91.48 93.35 93.73 

 

Conclusion 

This paper has reviewed some of the reported papers based on 

nanosensors applications such as wearable sensors and devices for 

monitoring human activities and other related applications. The new 

advanced design technique for smart sensor systems used in 

smartphones, tablets, IoT and the novel process of detecting a relative 

direction of human movement (in eight directions uniformly distributed) 

with two pairs of PIR sensors whose sensing elements are orthogonally 

aligned. However, the major papers are highlighted their challenges and 

possible solutions. 
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