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Abstract  

Wearable computing have variety of applications in healthcare ranging from muscle disorders 

to neurocognitive disorders, Alzheimer’s disease, Parkinson’s disease, and psychological 

diseases, such as cardiovascular diseases, hypertension and so on. Different types of wearable 

computing devices are used, for example, bio fluidic-place on wearables, textile-place on 

wearables, and skin-place on wearables including tattoo place on wearables. In drug delivery 

systems, the wearable computing systems have shown promising developments, increasing its 

use in personalized healthcare. Wearable contain experiments, which need to be addressed 

before their consumerist as a fully customized healthcare system. Distinct types of wearable 

computing devices currently used in healthcare field are reviewed in this paper. Based on 

various factors, the paper provides an extensive classification of wearable computing devices. 

Additionally, limitations, current challenges and future perspective in health care is reviewed. 

  

Keywords: Wearable devices, Health care wearables, Classification, Privacy, Security, 

Information and Communication Technology (ICT), Internet of Things (IoT), Internet of 

Wearable Things (IoWT) 

 

1. Introduction  

Wearable computing device, wearables, or wearable technology, are referred to small 

mobile devices, computer devices, or small electronics with wireless communication capability 

[1] that are incorporated in to accessories, gadgets or cloths. It can be worn on human body in 

the form of smart tattoos or micro-chips. Various motorizing and sensor features that includes 

bio information feedback and other physiological sensor functions and biometry can be 
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provided in that wearable devices while comparing to today’s smartphone and tablets. 

Wearable computing device can measure values continuously, they are seamless, convenient, 

and portable and it offers hand free access to electronics but it is restricted by battery 

constraints. 

New services and growing user demands have increased rapidly over the recent years. 

From year to year, the number of wearable intercommunication device been growing 

massively, due to this, both gain of Internet of Things (IoT) and trades are more empowered. 

Internet of Things (IoT)[2] have magnificent influence in the progress of telecommunication 

fields, catering to the latest requirements in terms of availability, reliability and also thrust 

vendors and network designers to redesign every switching from standard human generated 

traffics to Internet of Things (IoT) and ecosystem. Incredible impact on Internet of Things (IoT) 

and fabrication of the Information and Communication Technology (ICT) allows the designers 

to bring their attention to a completely new division in market. A sustainable part of Internet 

of Things (IoT) is developed as Internet of Wearable Things (IoWT) that carries new 

advancements to the research community and numerous technology viewpoints. 

For improving supervision of patients with illness, diabetes, heart diseases and 

neurology complaints, ceaseless and instantaneous intensive care is essential. Long-lasting 

diseases account for 75% of deaths all around the world that execute high financial problems 

is observed according to the World Health Organization (WHO). For the judgement and 

specialist care of such diseases and active approach in respect is Health care Wearable Devices 

(HWDs)[3] the different policy are required. Wearable computing device is well-defined as 

policies which can wear on the human body and clothing. It be made up of transducer and 

receptor. Receptor diagnose the responds and examine accordingly. Transducer translate 

response of the receptors into valuable form. Studies reported wearable devices in different 

fields and applications, by the result, wearable devices presented hopeful results in the health 

care field as a result of their compliance and capability of disfigure. The Health care Wearable 

Devices (HWDs) provide better accepting in the changes inside a human body and it can 

support treating diseases and stopping from diseases.   
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Figure 1: Wearable computing device market growth 

 Figure 1 shows the growth of wearable computing devices in the market. It shows that the 

wearable sensor users are increasing every year and the application is wide. Point of Care 

(POC) Wearable procedures have revolution in the healthcare organization that by reducing 

the hospital masses and it provides more sensible and dependable information. Altered types 

of wearable devices have is active for this purpose. Example, textile founded wearables, 

stretchy wearables, skin wearables. Wearable computing devices are active for altered body 

parts, example, eye constructed wearable computing devices, head constructed wearable 

computing devices and wrist constructed wearables. Individual wearables will observe altered 

physical and emotional parameters it can be used for analyses of altered diseases. Wearable 

computing devices can combined with different stages for identifying different types of organic 

factors from body liquids, example, blood, saliva, sweat, urine etc. Those wearable computing 

devices can castoff for transporting drugs in a well-organized and measured way while relating 

with old drug distributing systems. 

1.1 Skin based wearable devices 

 Figure 2 shows the classification of health care wearable devices. Furthermost of the human 

body is covered [4] it function as a finest mode for non-aggressive healthcare wearable 

computing devices. These kind of skin grounded wearable devices is used for emotional and 
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physical observing and it is important for handling altered diseases like neuro-muscular and 

cardiac sicknesses. In total, it can furthermore be used for analysis of altered varieties of 

diseases using measurable and quality examination such as sweat, skin discharges. Founded on 

skin type the skin founded wearable devices can be epidermal constructed or textile 

constructed. Epidermal based wearable computing devices consist of the direct affections to 

the skin like tattoo, it is commonly known as microelectronic skin or e-skin, whereas textile 

constructed wearable computing device include vital sensors in clothes.   

1.1.1 Tattoo based or E-skin based wearable computing devices 

Figure 3 (a) and (b) shows glucose monitoring tattoo device. Tattoos supposed as a form of 

drawing in a body since passivity and flexibility. These belongings of tattoo constructed device 

can be used for analytical and observing drives. E-skins are using broadly for sensing bodily 

and electrical factors such as EMG, ECG and EEG. Amongst this ECG is stress-free observing 

device since great amplitude. 

 

Figure 2: Classification of Health care wearable devices 

 It agrees non-invasive and exact recognition of indications [5] from heart over skin. ECG is 

the opinion of orientation for analysis and usage in cardio arrhythmias similar bradycardia, 

tachycardia. Predictable ECG observer need the accessory of gel constructed conductor cables 
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with visibly associated microelectronic equipment for gaining of signal and it will be rough for 

exhausting. 

 

Figure 3: (a) Glucose monitoring sensor, (b)tattoo sensor, (c) & (d) pressure monitoring 

textile sensor 

1.1.2 Textile based wearable devices 

Figure 3 (c) and (d) shows pressure monitoring textile sensor. Textile constructed wearable 

devices remained voluntarily presented for periods. Wear and materials have remained using 

by human being for protection warm and esthetics. Since of their relaxation capacity and 

availability, it can be used for observing and detecting significant constraints, such as heart 

percentage, respiration frequency and body heat recognizing. Hence it is usually identified as 

e-textiles or microelectronic textiles. They are the devices and conducting resources that 

implanted with clothes. Large scale skin communication and stretchable nature creates textiles 

constructed wearable device is an optimal intermediate for Health wearable devices (HWDs). 

The arrival of carbon nanotubes, nanowires and grapheme, the quantity of struggles been made 

to trade sensors into cloth for observing always. ECG can observed by using gel constructed 

Agcl/Ag conductor restraints, which is not easy to wear. This textile-constructed ECG 
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observing, grapheme functionalized cloth is implanted with ECG sensor. Graphene is using for 

this purpose since the high association with the predictable gel-based ECG observing and 

material things. 

1.1.3 Sensors including smart rings, vests and earphones   

       Further than textile and [6] tattoo constructed skin biosensors are there, like smart watches, 

wrist bands, skin patches, wearable vests and implantable wearable devices, which uses 

different monitoring biomarkers. For many cardiovascular and respiratory diseases, the 

respiratory rate is monitored by using alternative wearable devices, it is proposed. The chest 

constructed wearable sensor for observing respiratory frequency by pulse oximeter is 

suggested. Likewise, heart disappointment is extra clinical condition that need non-stop 

observing of the system. Globally 26 million people are affected by this problem. It need real 

time and non-stop observing system which increases financial drain. Health care wearable 

device can simplify this daily observing tasks for the patients. Number of Health Wearable 

Devices (HWDs) been informed that do further than observing and detecting heart functions, 

it can calculate it before it even gets failure. 

 Alzheimer’s illness is utmost common form of the dementia . Almost 70% of the 

dementia patients are analyzing with Alzheimer’s disease. By observing substantial instants 

will help to maintenance care of dementia patients and Health Wearable Device can be active 

for this. Intelligent Assistive Technology (IAT) is a wearable technology proposed. Where it 

is an assist, adaptive technology, which is combined with advanced atmosphere of the artificial 

intelligence (AI). 

1.2 Bio fluid bases wearable devices 

 Human body secretions like saliva, tears, urine and sweat contains important biomarkers that 

are very essential for diagnostic and monitoring purpose. Health Wearable Devices (HWDs) 

can be directly used through the integration with some other platforms, example, useful 

information from different biofluids can be   integrated by microfluidic platforms.[7][8] 
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Different materials can be used in microfluidic platforms, Health Wearable Devices (HWDs) 

example, paper based microfluidic devices, micronized needles and polymer based 

microfluidic devices.  

1.2.1 Sweat based wearable devices 

 Fluids similar sweat is significant pointer of the modifications that happens in human body, 

thus it work a vital part for accumulating parameter for the genetic and organic recognizing. 

Sweat self-possessed of altered biomarkers, for example electrolytes such as sodium and 

chlorine and metabolites (example, urea, lactate and glucose), nucleotides, proteins. Having 

significant analytic effects. Sweat is accessible item for organic identifying and it is spread 

through skin more than 100 glands. Sweat is used for removal of altered genetic and 

biochemical factors expending Health Wearable Devices (HWDs) that to afford analytic and 

observing. A soft, stretchy and stretchable device is developed based on microfluidic. Health 

Wearable Devices is accomplished of succeeding hydronium and chloride that act as 

electrolytes.  

1.2.2 Tear based wearable devices 

 Tear is an important bio-fluid for monitoring and diagnosis for altered diseases. One of the 

illness is diabetes, Health Wearable Device (HWDs) using this diagnosis is more. It is disease 

that seriously damage eye, nerve, blood vessels and heart, it is a chronic metabolic disease. 

Patients with diabatic is increased to 463 million in the year of 2020. World Health 

Organization (WHO)[9] proposed a healthy life style by monitoring glucose levels 

continuously. Old and traditional measuring method is to monitor the concentration of glucose 

levels in the blood. This involve rough for the patients, it may lead to infections in blood 

pathogens. Health Wearable Device (HWDs) offer the most relaxed and suitable wearable for 

measuring blood sugar, [10] tear is used for monitoring the glucose measurement. 
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1.3 Wearable drug delivery systems 

 Biocompatible and biodegradable are available for advancements for materials. These 

materials is using for the drug delivery systems, it can be used to deliver the drug in controlled 

manner. One of the applications is bimatoprost, it is a ring prepared of polypropylene for 

considering glaucoma. It is situation that effects eye that will damage eye nerve and it is the 

important effect for loss of sight.  Medication generally used is bimatoprost, but some 

fluctuations in its usage is minimizing its efficiency. Self-moldable and healable gum is 

developed by Al-shahbazi et al, for personalizing drug delivery. That gum is made up to two 

materials, tannic acid (TA) and polyvinyl alcohol (PVA). It is a human friendly material group 

and it is bio active material.[11] The gum developed has high flexibility, stretch ability, high 

strength, self-healing and toughness properties. The gum is found anti-inflammatory and 

antibacterial properties and it is flexible enough for molding in to shape suitable for wearable 

usage. 

1.4 Wearable devices in sports 

 Athletes are aiming to increase their effects by applying better observing to progress training. 

[12] Small worn devices in the superior vest pouches in the back and it can make outdoor, 

indoor localization and it will check heart rate. Special software perform the examination 

established on data collection and it permit to observe development of athlete. Introduced 

wearable device that used for record data. Wearable observing device can collect data while 

motion from. The composed data will analyze for defining that matches to the motion. In such 

cases, the existence cast is recorded and time printed. Xsens created a real-time motion 

capturing system, MVN analyze, that will give proper tracking and observation of the 

movements by athletes during high intensity activity. [13]  

1.5 Security in wearable devices 

 Research for the wearable is related to data safety domain.[14-18] wearable device will allow 

safe transactions established on wearable security tokens. Not only perform and achieve 
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security managements from the device, has it also compact the risk relay attacks and 

impersonation. Wearable combines biometric information and advanced encryption 

technology to perform secured transactions with the corresponding device or system [19]. 

These wearables not only used for information storage or transactions, automatically it will 

manage other smart devices and sends alerts with response to any critical situation according.  

2. Wearable data processing life cycle 

 

Figure 4: Wearable data processing chart 

 

The figure 4, shows the data handling life cycle, Data collection in wearable computing device 

will assemble and development the operator created data and composed data is normally 

mentioned as boasted sourcing, it is a great tool for collaborating huge quantity of data. Pre-

processing is the important stage and it is essential for IoT and wearable, they do not have 

storage resources and computational to process unwanted data. Data transmission phase a vital 

part of the wearable computing data transfer mechanism. Many wearable mechanisms limit the 

power using amount during data transformation while pre-processing the real amount. 

Calculating patterns is[20-22] based on architecture expansion. It is direct to understand the 

condition of wearable computing device data handling [23]. Data processing is a different 

technique or method that to input the data for obtaining meaningful information. ML 

technology is broadly applied for analyzing and processing the data, such as sorting, bunching 

and reversion among others and this ML technique is used for online handling, real-time 
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processing and batch processing [24]. After data handling, the valuable statistics is shown to 

the user over illustrations, boards and reports. It is obtainable for more presentation, storing 

and progress. Data storage is the final process of the data research and reformed that data for 

additional analysis.  

3. Challenges and future perspective 

The most important experiment that the effectiveness of wearable computing devices, with a 

non-stop supply of power [25]. Batteries used in this wearable device have restricted space, 

they are required to make even with architecture of wearable devices. To overwhelm this 

problem, efficient power source with improved power managing system is needing. Own-

powering sensor like Triboelectric Nanogenerator (TENG) and Piezoelectric Nano Generator 

(PENG) is used [26, 27]. The mechanical is converted in to electrical and ensure reduction and 

relief of Health Wearable Devices (HWDs). Limited submission for monitoring the 

physiological disease available like AD, PD and other mental disorders [28]. An improved 

consumption of Health Wearable Devices (HWDs) for mental diseases can prove constructive 

in near future. 

4. Conclusion 

Wearable Computing Devices (WCDs) are widely using in health care, sports and other 

industrial applications. Various wearable devices are presently used on different parts of the 

body. In this modern world, modern device like sensors are used for observing the health and 

physical condition of a person based on the vital parameters. Wearables that are found today 

use short distance wireless communication technology, based on the infrastructure of the 

system. This condition is due to the battery limitations, as they can’t carry high power. Most 

of the wearable devices are still utilized for collecting data. A highly efficient and modern 

technology is required for further development of the system. One of the most challenging 

aspect of wearable technology is the lack of a strong connection of different systems that is 

provided by different vendors. Even in lack of best practices, with proper standardization and 

interoperability efficient wearable computing systems are enabled. Wearable computing device 

is the important aspect of the future ICT system. Several critical challenges including security 

and privacy aspects are currently observed. Limitations in hardware and human adoption is still 

to be addressed. This paper reviews developments in wearable devices and the architecture is 
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discussed. Future perspective and the challenges or limitations in Wearable Computing System 

(WCS) is also discussed. 
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