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  The potential applications of wearable e-textiles beyond healthcare, such as in sports performance monitoring and 

rehabilitation. It discusses the benefits of using EMG signals for personalized training programs and injury prevention in 

athletes. The integration of machine learning algorithms for analysing EMG data is also explored, highlighting the potential for 

more accurate and efficient monitoring and control of robotic exoskeletons. The challenges and limitations of current wearable 

e-textile technology, such as the need for improved signal processing algorithms and sensor integration. It emphasizes the 

importance of interdisciplinary collaboration between engineers, healthcare professionals, and researchers to further advance the 

field of wearable e-textiles for healthcare and beyond. In conclusion, the text underscores the transformative potential of 

wearable e-textiles in revolutionizing healthcare and improving quality of life for individuals with mobility impairments or 

chronic pain. It calls for continued research and development in this area to unlock the full potential of wearable e-textiles for 

monitoring EMG signals and enhancing human performance and well-being. 

1. INTRODUCTION 

Electromyography (EMG) onset detection methods for 

real-time control of robotic exoskeletons. EMG is widely 

used in various fields like Biomechanics, Biomedical 

Engineering, Neuroscience, and Rehabilitation Robotics. 

The study aimed to compare the performance of 

commonly used methods on experimental EMG data. 

The amplitude range of EMG signal is 0-10 mV (+5 to -5) 

prior to amplification. EMG signals acquire noise while 

traveling through different tissue. It is important to 

understand the characteristics of the electrical 

noise. Threshold-based methods were found to be the 

most commonly used for EMG onset detection, with 

Single, Double, and Adaptive Threshold methods being 

the most prevalent. These methods showed high 

accuracy in detecting muscle activity onset, with 

minimal error rates. However, Double Threshold 

method required more processing time compared to 

Single and Adaptive Threshold method. Its highlighted 

the importance of accurate and fast detection of muscle 

onset time for identifying movement intention, 

especially in real-time applications like controlling 

robotic exoskeletons. While the three commonly used 

methods proved to be accurate, Single and Adaptive 
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Threshold methods were faster in terms of EMG onset 

detection time, particularly with intramuscular EMG 

data. The study also noted the increasing interest in 

Machine Learning-based methods for detecting muscle 

activation onset, showing promising results. However, 

further research is needed to fully explore their potential 

for real-time applications and movement intention 

inference. Based on their application domain, 

pre-processing methods, and EMG onset detection 

methods. Pre-processing methods like EMG Envelope 

and Teager-Kaiser Energy Operator (TKEO) were 

commonly used to enhance the quality of EMG signals. 

EMG Envelope calculation was the most frequently used 

pre-processing method, followed by TKEO. The study 

emphasized the need for a standardized method for 

EMG onset detection to ensure reproducibility across 

studies and facilitate the development of novel 

algorithms for real-time control of wearable robots [1]. A 

new type of electronic material called e-textile has been 

developed to  cool the user and increase thermal 

comfort. This e-textile is designed to reduce the need for 

cooling energy, making it a good choice for the 

environment. The key to this e-textile's passive cooling 

properties is in its  design. It is made  of  

styrene-ethylene-butylene-styrene (SEBS) non-woven 

elastomer microfibers containing evenly encapsulated 

Al2O3 particles and hot-melt nano/micro pores. This 

product gives the e-textile  a high emissivity, meaning it 

has the ability to dissipate heat  from the body. It also has 

the ability to reflect UV-visible-near-infrared radiation, 

helping to reflect sunlight and  cool the user. The 

effectiveness of e-textiles in keeping the user cool has 

been tested in different climates. On a sunny day, the 

temperature can be reduced by 10.5â relative to the 

surrounding environment. Even on cloudy days the 

temperature can reach 11.3Â°C. It can be 7.0Â° cooler at 

night than traditional SEBS textiles. In addition to its 

cooling function, this e-textile can also be printed with 

liquid metal and used as a bioelectrode to monitor 

electrophysiological signals. This means it can be used to 

measure reliable signals such as electrocardiogram 

(ECG), surface electromyography (sEMG) and 

electroencephalography (EEG) signals. Its ability to be 

used underwater makes it a versatile  health technology. 

Overall, this superstretched e-textile offers promise for 

zero-energy cooling of healthy-looking epidermal 

electronics. The ability to  cool the user, combined with 

the ability to monitor electrophysiological signals, 

enables the use of many technologies that can improve 

human comfort and health [2]. 

 

2. DISCUSSION 

The methodologies and algorithms for analysing EMG 

signals, emphasizing the need for advanced methods in 

detection, processing, and classification. A comparison 

study is conducted to assist researchers in developing 

more efficient applications. Background information on 

the complexity of EMG signals and the importance of 

advanced analysis methods is discussed. The materials 

and methods section includes anatomical and 

physiological information on EMG signals, muscle and 

nervous system functions, and the process of acquiring 

and decomposing them. The history of EMG is briefly 

mentioned. Overall, the article offers a comprehensive 

overview of EMG signal analysis and its practical 

applications [3]. IoT in healthcare offers benefits like 

accessibility, improved outcomes, and reduced costs. 

Remote pain monitoring aids chronic pain patients with 

continuous monitoring and early intervention. Wearable 

devices and bio-sensing tech in telemedicine are 

significant advancements. IoT enables remote 

monitoring and timely interventions, enhancing patient 

care and reducing healthcare system burden. An 

IoT-based remote pain monitoring system with a 

wearable device and bio-sensing facial mask can 

revolutionize pain assessment and management by 

providing real-time data for tailored treatment plans and 

improved outcomes [4]. The ICEHG DS provides diverse 

EHG records, including induced or cesarean deliveries, 

not found in traditional datasets. This allows researchers 

to analyse the influence of delivery modes on preterm 

birth prediction, improving model accuracy. By 

combining data from multiple databases, researchers 

gain a deeper understanding of pregnancy and 

childbirth, enhancing prediction accuracy. The ICEHG 

DS is a valuable resource for obstetrics and gynecology 

researchers, offering a unique opportunity to study the 

impact of delivery modes on preterm birth prediction 

and improve pregnancy monitoring for better outcomes 

[5]. Using surface EMG signals to detect light sleep 

during short naps, emphasizing the benefits of napping 

for 10-30 minutes. Polysomnography is complex and the 

traditional method for sleep measurement. The study 

suggests an automatic power nap device using EMG 
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signals and an algorithm to identify sleep stages. Testing 

on ten subjects showed promising results, with high 

accuracy using a combination of features. A real-time 

EMG-based power nap monitoring system was 

proposed, effectively detecting sleep stages and waking 

participants after stage 2, with an average nap duration 

of 15 minutes [6]. The IoT stress detection and health 

monitoring system is an effective solution for early 

identification of stress-related health issues. It uses 

sensors and SMS alerts to help individuals manage stress 

levels and seek medical help. Its simple hardware and 

software requirements make it suitable for widespread 

use in healthcare. Integration with ThingSpeak allows 

real-time monitoring and analysis of stress levels. Future 

improvements may include more sensors for 

comprehensive health monitoring and the use of a SOC 

device for better performance. The system's flexibility 

and power efficiency make it suitable for medical camps 

and individuals with disabilities, showcasing its 

versatility and potential impact on public health. 

Overall, this IoT system is a significant advancement in 

healthcare technology, promoting proactive stress 

management and overall well-being [7]. Highlights the 

benefits of using AI in Automatic Pain Assessment 

(APA) in clinical settings, categorizing AI methods into 

behavioral-based and neurophysiology-based 

approaches. It emphasizes the importance of objective 

measures for accurate pain assessment and stresses the 

need for collaboration between clinicians and computer 

scientists to improve AI-based pain assessment tools. 

Additionally, it discusses the significance of 

explainability and ethics in AI-based pain management, 

emphasizing transparency and accountability in 

algorithm development. Overall, the text showcases AI's 

potential in revolutionizing pain assessment and 

management, underscoring the importance of 

collaboration, transparency, and ethical considerations 

[8]. Parkinson's disease causes tremors in the elderly, 

requiring regular clinic visits and medication. Early 

detection is crucial as the disease is incurable and affects 

daily activities. Voice analysis can aid in remote 

diagnosis. A system using EMG sensors, NodeMCU, and 

Blynk app monitors muscle activity for early treatment. 

The EMG sensor is attached to the left hand for 

monitoring, with alerts and notifications sent to patients 

at home. The system records muscle activity using 

NodeMCU, ESP8266, Muscle Sensor, and electrodes, 

including a help button and medication reminders. EMG 

data is displayed wirelessly, but stability may vary with 

internet and Wi-Fi usage and multiple devices on Wi-Fi 

can affect performance [9]. How digital technologies can 

revolutionize pain research, assessment, management, 

and treatment. The authors stress the importance of 

integrating digital tools to improve patient outcomes 

and healthcare delivery. They also highlight the impact 

of COVID-19 on pain research and the need for 

innovative solutions like remote data collection and 

virtual consultations. The authors advocate for 

addressing disparities in pain care and promoting 

inclusive approaches. Overall, the text provides an 

overview of pain research and offers insights into future 

opportunities for advancement [10]. 3D printing in 

developing EMG sensing systems for robotics and 

biomedical applications. It highlights challenges in EMG 

detection and how 3D printing allows for customized 

products that fit specific spaces and provide user 

comfort. It compares EMG illumination techniques and 

explores applications of 3D printed sensors in various 

fields. It explains the importance of EMG signals in 

disease diagnosis, injury prevention, and measuring 

muscle dysfunction. Different types of electrodes, such 

as dry and wet electrodes, are used in EMG devices. 3D 

printing technology offers advantages over traditional 

manufacturing, allowing for changes in electrode 

structure. The article also discusses the future of 3D 

printing in EMG sensing and challenges in this field [11]. 

sEMG is valuable in neurorehabilitation, exercise, sport, 

and ergonomics, but faces barriers in cultural 

acceptance, education, and technology. These barriers 

include disparities in acceptance and training, 

insufficient math and physics knowledge, equipment 

usability and cost, and lack of international standards. 

To improve clinical use, healthcare professionals need 

enhanced education, technology transfer, and academic 

opportunities. sEMG is crucial for monitoring 

neuromuscular pathologies, occupational therapy, and 

treatment planning, but its acceptance is low compared 

to ECG and EEG due to lack of literacy and qualified 

operators. Bridging the gap between research and 

clinical use is essential for sEMG advancement. fig 2.1 

shows the example of the advances in sEMG detection in 

the last 70 years. [12] 
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Fig 2.1 Example of the advances in sEMG detection in 

the last 70 years. (A) Electronics used for signal 

conditioning had the size of a suitcase. (B) Modern 

system for detection, condition, A/D conversion, and 

transmission of signals from sEMG. (C) Schematic 

diagram of the signal detection, conditioning, 

conversion, and transmission depicted in (B). 

This versatile electronic textile is a significant 

advancement in wearable technology, offering a wide 

range of functionalities such as recording 

electrophysiological data, sensing strain, and providing 

heating. Made from a breathable nonwoven material, it 

is comfortable to wear for extended periods and is 

antibacterial and waterproof. Its moisture permeability 

and water repellency make it ideal for intense physical 

activities, while its ability to monitor bioelectrical signals 

accurately is beneficial for healthcare, fitness, and sports 

applications. Overall, this textile combines comfort, 

functionality, and performance, making it a valuable tool 

for improving health and well-being through wearable 

technology [13]. E-skin in healthcare aims to replace 

bulky diagnostic devices with flexible wearables that 

mimic human skin. It has applications in medical 

monitoring, prosthetics, implants, robotics, and more. 

Key characteristics include flexibility, stretchability, 

self-healing, biocompatibility, and reliability. Historical 

context traces the evolution of e-skin from science fiction 

to current research, with recent trends focusing on 

material development, fabrication techniques, 

health-oriented sensors, and power management. E-skin 

systems involve sensing biological stimuli, data 

processing, transmission, and power supply, requiring 

flexible, stretchable, and biocompatible materials. They 

are valuable as in situ diagnostic tools for personalized 

healthcare. fig 2.2 shows the working principle of an 

e-skin system [14]. 

  
Fig 2.2 Working principle of an e-skin system. 

Wearable sensors improve personalized healthcare with 

data transmission. Neural networks analyse sensor data 

for health feedback. Wearable sensors reduce 

hospitalizations and costs for convenient monitoring. 

Biosensors address healthcare challenges like diabetic 

management. Sensors can be attached to the body or 

embedded in everyday items. Smartphones and 

smartwatches monitor health and intervene. Future 

wearables may include smart clothing for specific 

conditions. Various sensor designs, like sweat 

biosensors, are being developed for real-time analysis 

[15]. The review highlights the importance of wearable 

sensors and portable devices in monitoring physical 

activity in rehabilitation, sports, and wellness, with a 

focus on advancements in EEG, ECG, and EMG signal 

monitoring systems. It discusses the role of sensors in 

tele-rehabilitation for precise physiological signal 

analysis and explores future innovations in monitoring 

systems. The paper also explores the use of biomedical 

wearable sensors in diagnosing, treating, and 

monitoring diseases and movement disorders, as well as 

their benefits in clinical, non-clinical, and sporting 

environments. Telerehabilitation programs, including 

home exercises and monitoring devices, have shown 

effectiveness for post-COVID-19 patients. The review 

concludes with a summary of recent developments in 

wearable sensors for rehabilitation and the literature on 

EMG signal acquisition devices in rehabilitation [16]. 

Using MMG signals to assess muscle activity under 

electrical stimulation, highlighting its reliability 

compared to voluntary contraction. It identified 62 

studies covering aspects such as fatigue, torque, force, 

and electrode development. Despite the potential for 

errors, MMG and NMES approaches show promise in 

assessing muscle function, with applications in 

prosthetics control. The review also discussed using 

NMES-induced training to improve muscle integrity and 
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force generation. Further research, including machine 

learning techniques, is needed to enhance understanding 

and reliability in assessing muscle performance [17]. 

Researchers have created a flexible and durable 

skin-integrated silicon microneedle electrode (SSME) for 

long-term EMG monitoring. The SSME, inspired by 

plant thorns, is biocompatible and stretchable, able to 

stretch up to 36% and proven safe through cytotoxicity 

tests. Compared to wet electrodes, the SSME offers 

similar recording ability during movement and better 

performance for long-term use. It can be used in 

wearable healthcare monitoring, myoelectric prostheses, 

and human-computer interfaces, with painless 

attachment to the skin and reduced contact impedance 

for stable detection. The customizable and chemically 

stable SSME provides accurate and reliable EMG 

monitoring for effective human-computer interfaces [18]. 

For pain and stress detection using wearable sensors, 

discussing mechanisms and correlations. Various signals 

are examined for healthcare monitoring, with 

suggestions for modern computing techniques. The 

mechanisms of pain transmission and gate control 

theory are explained. Challenges in pain testing design 

and limitations in medical field detection are discussed. 

Wearable sensors for stress detection are explored, 

emphasizing an integrated approach to pain and stress 

management. The review underscores the potential of 

wearable sensors in improving pain and stress detection 

and management. [19]. 

 

3. METHODOLOGY 

The study presents the fabrication of an e-textile 

bioelectrode array for whole-body electromyography 

monitoring. The array consists of screen-printed silver 

paste wiring, a thermoplastic polyurethane insulation 

layer, and ionic liquid gel-embedded knit textile pads. 

Challenges include forming an insulation layer on the 

wiring and fixing the ionic liquid gel due to the 

properties of the materials used. The proposed structure 

includes a laser-patterned hot-melt urethane film 

attached to the silver paste wiring to avoid disconnection 

and improve adhesive force. A 6x3 bioelectrode array is 

fabricated for electromyography, with impedance 

matching that of medical electrodes and improved 

adhesive force of the ionic liquid gel. fig 3.1 shows the 

proposed device structure of the e-textile bioelectrode 

array for EMG measurements. 

 
Fig 3.1 Proposed device structure of the e-textile 

bioelectrode array for EMG measurements. 

The development of smart wearable technology 

incorporating bioelectrodes has gained attention for 

digitizing health data and providing medical diagnoses. 

E-textile technologies offer advantages in whole-body 

vital data monitoring compared to traditional 

smartwatches. The study focuses on long-term wet gel 

bioelectrode arrays for applications like back pain 

measurement. An ionic liquid gel is proposed as an ideal 

electrode material due to its properties, but challenges in 

patterning and fixing the gel on the array exist. The 

study proposes a fabrication process using polyurethane 

film, screen-printed silver paste, and laser-cut insulation 

layer to address these challenges.The fabrication process 

involves screen printing silver paste on polyurethane 

film, bonding it to knit textile, laser-cutting an insulation 

layer, and attaching the textile for the ionic liquid gel. 

Evaluation parameters include patterning resolution, 

impedance measurements, and adhesive strength. The 

study aims to develop a bioelectrode array for EMG 

measurements, including the flexion relaxation 

phenomenon, for back pain diagnosis and healthcare 

applications. The proposed structure and manufacturing 

process show promise for improving wearable medical 

monitoring devices. fig 3.2 shows the forearm EMG 

measurement with wrist flexion [20]. 

 
Fig 3.2 Forearm EMG measurement with wrist flexion 

(a): fabric electrode (b): medical electrode. 
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4. CONCLUSION 

The study presents the fabrication of an e-textile 

bioelectrode array for whole-body electromyography 

monitoring. The array consists of screen-printed silver 

paste wiring, a thermoplastic polyurethane insulation 

layer, and ionic liquid gel-embedded knit textile pads. 

Challenges include forming an insulation layer on the 

wiring and fixing the ionic liquid gel due to the 

properties of the materials used. The proposed structure 

includes a laser-patterned hot-melt urethane film 

attached to the silver paste wiring to avoid disconnection 

and improve adhesive force. A 6x3 bioelectrode array is 

fabricated for electromyography, with impedance 

matching that of medical electrodes and improved 

adhesive force of the ionic liquid gel.The development of 

smart wearable technology incorporating bioelectrodes 

has gained attention for digitizing health data and 

providing medical diagnoses. E-textile technologies offer 

advantages in whole-body vital data monitoring 

compared to traditional smartwatches. The study 

focuses on long-term wet gel bioelectrode arrays for 

applications like back pain measurement. An ionic liquid 

gel is proposed as an ideal electrode material due to its 

properties, but challenges in patterning and fixing the 

gel on the array exist. The study proposes a fabrication 

process using polyurethane film, screen-printed silver 

paste, and laser-cut insulation layer to address these 

challenges.The fabrication process involves screen 

printing silver paste on polyurethane film, bonding it to 

knit textile, laser-cutting an insulation layer, and 

attaching the textile for the ionic liquid gel. Evaluation 

parameters include patterning resolution, impedance 

measurements, and adhesive strength. The study aims to 

develop a bioelectrode array for EMG measurements, 

including the flexion relaxation phenomenon, for back 

pain diagnosis and healthcare applications. The 

proposed structure and manufacturing process show 

promise for improving wearable medical monitoring 

devices [21]. 

 

5. FUTURE SCOPE 

The future scope for a Innovative e-textile bioelectrode 

arrays hold immense potential for revolutionizing 

cutaneous electromyography (EMG) in both pain 

detection and therapy. These advancements represent a 

convergence of textile technology, bioelectronics, and 

healthcare, offering a promising avenue for 

non-invasive, wearable solutions. In terms of pain 

detection, these bioelectrode arrays can provide 

real-time monitoring of muscle activity, enabling early 

detection and assessment of various musculoskeletal 

conditions and injuries. Moreover, the integration of 

e-textiles enhances comfort and flexibility, facilitating 

prolonged and unobtrusive monitoring. Beyond 

detection, the therapeutic applications are equally 

compelling. By leveraging biofeedback mechanisms, 

these arrays can deliver targeted electrical stimulation to 

mitigate pain, promote muscle rehabilitation, and 

improve overall mobility. Furthermore, the seamless 

integration of textile-based electrodes with wearable 

devices opens doors for personalized and adaptive 

therapy regimens, tailored to individual needs and 

responses. As research and development in this field 

progress, we can anticipate advancements in sensor 

sensitivity, signal processing algorithms, and 

miniaturization, further enhancing the efficacy and 

accessibility of e-textile bioelectrode arrays for cutaneous 

EMG-based pain management and therapy. Such 

innovations hold the promise of not only improving 

patient outcomes but also fostering a paradigm shift 

towards preventive and personalized healthcare. 
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