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Abstract 

 

The appearance of sensors in the software world has revolutionized the quality of human life. 

They provide the statistics appropriately and efficiently concerning the conduct and 

movements of someone. The paper discusses some of the relevant research work carried out 

on wearable flexible sensors (WFS). Wearable sensors have revolutionized the way the 

activities of a person are being monitored. Including the embedded device, sensors produced 

with flexible materials were connected to an individual to track a parameter and pass 

substantial data for further study to the tracking unit. The use of wearable sensors has played 

a very important role in tracking a person's physiological parameters to mitigate any 

malfunctioning of the body. The paper classifies the work according to the resources used to 

construct the device, the protocols of the network and the various types of operations that 

were being tracked. The application of the wearable flexible sensors regarding advantages 

are also briefly explained in the paper. 
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I. INTRODUCTION 

 

Earlier what it took hours to observe or display an event can be addressed in mins or seconds 

with the help of sensing structures. The dynamic use of sensors has brought about the ever 

developing change of the present sensors. They have been used for special sectors like 

gasoline sensing, environmental monitoring, tracking ingredients in food products like meat, 

beverages, etc. To name some, however monitoring of physiological parameters is one of the 

most critical applications of sensors as it enables to broaden a model concerning human 

behavior. Every characteristic can be studied to recognize the anomalies faced by using a 

affected person and may be counteracted on[1]. 

Sensors may be widely categorised into categories, flexible and non-bendy. The previous one 

is fabricated of substances that are malleable to a sure quantity without converting its homes, 
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while the later one is inflexible and manufactured from brittle materials. The non-flexible 

sensors had been advanced earlier amongst which the sensors with silicon substrates are the 

most common ones. Even though these sensors find a great field of applications, there are 

positive disadvantages like stiffness, intransigency, etc[2]. 

These dangers are distinguished specifically while the sensing device is related to tracking 

physiological parameters of someone or any software which involves distinguished strain on 

the sensor, for this reason destructive the sensor. These effects in selecting a change approach 

in which the sensor may be dynamically used thus negate any inconvenience for the person or 

protecting the sensor from unfavourable whilst the use of it on a bendable object. Other than 

this, low fabrication cost, light weight, higher mechanical and thermal properties are a 

number of the advantages which make the use of bendy sensors a higher method[3]. 

Wearable sensors have revolutionized the way the activities of a person are being monitored. 

They provide the statistics appropriately and efficiently concerning the conduct and 

movements of someone. In today’s international, wearable sensors are used in many sectors 

like scientific, safety, communique, and so forth. Tracking systems to sensing the 

physiological parameters like heart fee and respiration fee of a person and transmit the 

information wirelessly to the cloud via any data gateway. This is a brief and efficient machine 

due to the fact any abnormality in the transmitted facts can generate a notification to the 

healthcare or own family members[4]. 

 

II. DISCUSSION 

 

Applications of wearable flexible sensors  

One of a kind varieties of bendy wearable sensors are used within the software global based 

on the parameter being monitored. These parameters, as a end result, could determine the 

fabrication method of the sensor prototypes. As an example, monitoring of physiological 

parameters of someone like limb actions, motions like taking walks, jogging, and so forth., 

gait evaluation could require the sensor patches to be bigger are extra bendy. But parameters 

like breathing, heart charge, cardiorespiratory alerts could require the sensors to be diffused 

and touchy. Every other software of WFS is as glucose sensors via exclusive mediums like 

tear, immobilization of glucose oxidase, and many others. Electronic skins or e-skins are 

some other classes which turned into evolved to imitate the features like that of a herbal pores 

and skin and decide the changes in temperature, stress or even your health situations. These 

sensors are incorporated with thermal actuators and natural displays. One of the examples is 

the improvement of wearable-on-the-pores and skin sensing device that could be used as 

physiological sensors, non-unstable reminiscence and for drug launch and healing 

actuators[5]. 

Bendy sensors with excessive mechanical sensitivity, flexibility and durability have been 

designed for speech recognition and physiological alerts in the geometry of a spider sensory 

system. Biomedical sign monitoring turned into completed involving monitoring of hydration 

nation and electrophysiological pastime monitoring using optical, electrical and radio-
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frequency sensors. Spin-coated skinny layers of PDMS and PI as substrates and bi-layers of 

sputtered Chromium (Cr) and Gold (Au) as electrodes. Monitoring of pores and skin 

hydration via thermal conductivity, blood oxygenation, electrocardiogram (ECG), 

electromyogram (EMG), electrooculogram (EOG) are some of the counseled parameters that 

could be included with these sensors. Stress sensors are the maximum vital category of bendy 

sensors which have been used for a couple of disciplinary packages. 

Human movement detection, forces and acoustic vibrations, synthetic skins are a number of 

the alternative packages for those sensors. Bendy sensors were extensively used as stress 

sensors due to their high flexibility and bendability relying at the uncooked fabric used for its 

fabrication. Additionally they have remarkable ability inside the field of robotics, aviation, 

and so on[6]. 

Every other distinguished issue of the utility of WFS is the tracking of biological fluids like 

sweat and saliva through pores and skin tattooed Nanosensors linked at the wrist and in the 

mouth respectively. These sensors have been also used to screen glucose electrochemically 

from tears of someone via embedding the wireless sensor with a contact lens. Tattoo based 

totally sensors had been widely advanced and used for special packages like as a 

potentiometric and amperometric sensor based totally systems. Those gadgets have great 

applications for pores and skin worn silver (Ag) – zinc (Zn) alkaline batteries and tracking of 

change in pH and ions like sodium and ammonium[7]. 

Chemical and organic sensing additionally contain pH measurements by means of strapping 

the embedded device across the waist contained with the sensor related with microcontrollers 

and LED. WFS have additionally been designed and experimented for detecting 

extraordinary sorts of gasses. Carbon monoxide (CO) and carbon dioxide (CO2) gas sensors 

had been fitted within the clothes or boots of the human beings like firefighters for secure 

measures. Oxygen (O2) sensing structures had been designed and installed on the wrist of a 

person to determine the continuous alternate in oxygen degree is occurring in hemoglobin at 

some stage in respiratory[8]. 

Microelectromechanical systems (MEMS) fabrication techniques had been broadly speaking 

involved to fabrication WFS for biological programs. For example, blood mobile counting 

sensor evolved with micro silicon chips. The approach was also used to aid patients with 

hearing issues with the aid of growing microacoustic sensors for sound source localization 

and hearing purposes. It turned into extensively utilized to develop a wearable bendy 

biomedical sensor to monitor the trade in temperature within the mind in the course of mental 

activities and study of circadian rhythms. Fabric based structures had been also designed and 

developed for tracking purposes. One main gain of these structures is the comfortability of 

the patient being monitored without the hassle of carrying a separate wearable gadget. The 

contact of the fabric with most of the skin makes it an appealing preference to attach sensors 

for monitoring functions. Many projects like VTAMN (France), lifestyles shirt (USA) And 

Wearable health Care systems (wealthy) (Europe) are taking place with one of a kind studies 

organizations with fiber based sensor systems for remedy, home health care and ailment 

prevention. Fiber based sensors had been also advanced mainly from piezo-resistive fibers, 
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elastic and ordinary polyester fibers. Those sensors were used for undertaking experiments 

for special applications like respiratory and cardiovascular sicknesses. 

Every other class called, plastic optical fibers have been used to stress sensors. Accompanied 

through the treatment with acetone to dispose of its stickiness, the raw flexible silicone fibers 

have been weaved to shape strain sensors with a thickness of round 0.51 mm. The fiber 

primarily based generator is one of the programs where the electrostatic price generated in the 

fiber in the course of biomechanical vibrations may be converted into electricity. These nano-

turbines work in a non-touch mode counting on air strain and for this reason may be used as 

ultrasensitive sensors for acting medical diagnostics and as measurement equipment. The 

fiber become also integrated with pc, naming planar elegant Circuit boards (P-FCB) for sweat 

tracking the usage of RFIP tag antennas. P-FCBs had been also related to ECG tracking, 

physiological sign tracking and as a health monitoring gadget. Any other utility to the fiber 

based structures is a motion sensor, temperature sensor, and so on. Bendy revealed circuit 

boards (FPCBs) had been additionally developed for the in situ perspiration evaluation. 

Using battery-operated wearable flexible sensors is every other place wherein prominent 

paintings has been performed in latest years. Because of the non-stop want of the electricity 

for the monitoring tool, bendy batteries have been recently developed which may be 

connected to the connected sensor for ubiquitous monitoring. Different forms of organic 

materials had been applied to form the electrodes in flexible lithium-ion batteries (LIBs). 

Graphene, CNTs, carbon cloth and cellulose are a number of the materials which can be used 

as hybrids and nanocomposites to increase flexible LIBs. The substrates have also be altered 

in which lithium has been agglomerated with other materials like Sulphur to acquire high 

energy density and recycle-capability. To boom the dynamicity of the sensing systems, in 

recent times, the wearable bendy sensors are attached to the self-charging unit linked with 

nano-turbines which might help the monitoring unit to avoid the alternative of the batteries 

primarily based on their charging lifecycle. Bendy batteries apart from libs, have additionally 

been advanced with exclusive alkaline cells like Zn-MnO2 which was used to electricity 

diverse printing devices. 

Drug delivery pump (DDP) is some other phenomenon the researchers have labored upon. 

This DDP changed into evolved with PDMS and a terrible photoresist by means of general 

photolithographic approach. This sensor became used as a strain sensor in which the drug 

may be ejected based totally at the applied strain. The concept of DDP may be employed as a 

clever bandage along with a temperature sensor which can hit upon the minute changes in 

body temperature even as doing physical sports[8]. 

The above programs have led the researchers to recollect the development of wearable bendy 

gadgets that could be taken into consideration for ubiquitous fitness tracking in addition to 

factor-of-care (p.c) packages. Flexible and stretchable electronics have been in large part used 

in the growing those gadgets. Other than the mechanical blessings served via these bendy 

substrates, these gadgets additionally consume extensively tons lesser electricity, which 

makes them a most efficient preference for ubiquitous tracking purposes. Other than serving 

the twin reason in phrases of tracking, these devices also cut shorts the issues confronted due 
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to the constrained life of the sensors and electricity storage capabilities of the attached 

electricity offering devices. Ubiquitous health monitoring the use of wearable flexible 

gadgets consists of the monitoring of different physiological parameters like ECG, 

temperature and cardiovascular problems. Those devices are integrated with numerous 

sensors particular for character sensing utility. One in every of the largest benefits of the use 

of these wearable devices for % applications consists of speedy outcomes which assist the 

monitoring unit to take on the spot moves. These materials own extra programs in wearable 

and implantable devices[9]. 

 

III. CONCLUSION 

A short overview on some of the outstanding research works finished on WFS have been 

depicted inside the paper. The sensor types based on special materials alongside the 

conversation networks used for monitoring functions are defined in the article. The scope of 

studies work on this topic is growing each day with the increase in its market price. The 

estimated figures for the use for WFS for the next 10-15 years were stated alongside the 

challenges that the WFS is producing companies wishes to address. The growth in MEMS in 

conjunction with Nanoelectromechanical (NEMS) era is anticipated to lessen the cost of 

fabrication of the flexible sensing systems main to a wider range of packages in current 

destiny. The utilization of the existing production techniques in conjunction with upcoming 

ones will help in developing new sensing systems need to avail the people to have a higher 

great of existence in close to future 
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