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1. INTRODUCTION

Everybody deserves to live independently, emerged technology communications and sensors give
easy life attention to the people to make them control their life as much as possible, it lets users know what is
around them, detects objects, and provides continuous monitoring by collecting various measurements by
wireless sensor networks (WSN) [1], including in the huge collection of applications mainly in medical
health systems [2], such as glycemia regulation [3], blood glucose regulation [4], hypoglycemia prediction
and avoidance [5], fingerprint recognition [6], remote electrocardiography (ECG) signal monitoring [7],
control systems for the handicapped [8], wheelchair movement control system [9], another field that benefited
from these technologies include detecting and classifying moving vehicles [10], vehicle control [11], a mobile
robot for surveillance applications [12], sensors technologies are proven extremely useful even in
applications that predominantly require human intervention such as farm management [13], or detect crime
locations [14]. With the development of wearable sensor technology, it has become the focal point of interest
for lots of recent research in activity monitoring in many areas because it is easy to wear as external
accessories embedded in clothing, or implanted into the body especially in human activity. People’s daily
lives now depend heavily on wearable technology and inexpensive sensors to monitor activity. Using inertial
sensors, activity recognition will be simple due to the advantages of inertial sensors in wearable technology
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for motion monitoring and recognition [15], as well as the fact that they can operating without the need for
external ambient-based sensors like radar, cameras, or infrared sensors or any limitations on operating
conditions [16]. Activity tracking is a field of study related to the spontaneous detection of daily routine
activities performed to identify the specific movement or action of a person based on time series recordings
using sensor data [17], to benefit from it in identifying the type of activities that an individual does,
technology movements are often typical activities performed indoors [18], such as walking, talking, standing,
sitting, running, and jogging [19].

These sensors may be on the hand, leg, finger, wrist, or some sensors embedded in clothes that mean
smart clothes. Which are two categories of clothing tight clothes and loose-fitting clothes. We will be
interested in the sensors that are embedded in loose-fitting clothes, while a lot of recent study in the field of
wireless sensing has concentrated on touch-sensitive or tight-clothed wearable devices like wristbands,
phones, and glasses. Smart loose apparel, or the integration of wearables into loose clothes, has received very
little attention loose garments, on the other hand, have been gradually growing and are expected to have one
of the fastest growth rates among wearable in the next period. Smart sensing garments can enhance the
functionality of clothing beyond aesthetic and protective purposes.

In contrast to sensors that are attached to the skin, with the emergence of technology and device
sensors mixed with fabrics. The fast improvement in fabric generation and the small length of the electronics
used caused the combination of various kinds of sensors in fabrics, which caused the emergence smart loose
clothes, confirming fabrics can be used continuously and are an essential substrate for wearable devices.
ensing clothing must suit the wearer comfortably and properly by covering significant portions of the body
surface. It became the crucial foundation for widespread physiological signal and movement monitoring in
daily living you may find out an extensive variety of body postures and sports that create new possibilities in
tracking fitness and health to recognize the activity it will be using machine learning algorithms to know the
activity from the data in the sensor at loose-fitting clothes. They’re utilized in extensive packages within the
subject of current sports and rehabilitation solutions, medical, entertainment, security, and industrial fields.

The content of this paper is organized as: section 2 summarizes the recent related work that
presented a survey on wearable technology in general. Section 3 presents a brief explanation of the wireless
sensor data mining (WISDM) database, a potential online dataset for wearable technology. Section 4 defines
what loose-fitting clothes and loose-fitting wearables within the scope of this paper mean. Section 5 reviews
the very few related works (to the best of our knowledge) that addressed this specific issue of loose-fitting
wearable, and summarize these works main setup feature and sample sizes. Finally concludes the work in
section 6.

2. RELATED WORK

Many recent types of research are focused on providing a more thorough introduction to be given to
newcomers and researchers to wearable and track human activity with wearable sensors. One of the most
helpful technologies for many areas is sensor-based human activity tracking. These wearable sensors have
become an important part of increasing efficiency, improving applications, improving quality of life, and
providing safety. Several recent authors present an evaluation of wearable sensors for activity tracking
focusing on healthcare programs [20], in monitoring vital signs including heart, breathing, and body
acceleration sensors [21], coronavirus disease of 2019 (COVID-19), heart rate, temperature [22],
rehabilitation [23], stroke patients [24], recognize hand gestures [25], sports activities [26], analyze the
behavior of human arm movements [27], and monitor for prosthetic limbs [28]. With the development
internet of things (IoT), which will be one of the latest technologies in the current era of wearable
technology, the advances in sensor technologies will evolve these sensors, and hence the revolution of
Internet of Things programs will increase very quickly [29]. It is a attracted interest and became a
controversial topic in this field [30]. The concept of the Internet of Things involves a collection of devices like
sensors and electrical devices that are connected to the Internet through computer or portable devices [31].
It also has been used in many applications with wearable sensor such as in healthcare [32], smart city [33],
fire detection [34], environmental protection [35], surveillance systems [36], and robotic monitoring [37].
All of these applications use sensors to collect data, which is then sent to cloud servers for analysis and
review. These data can then be analyzed by various algorithms to determine the type of activity [38].

The surveys were tailored toward many areas of greatest use of creating new medical and
monitoring systems, such as those found in [39], the most promising solutions to improve the everyday lives
of older people. Another study about the development of wearable sensor-based systems for health
monitoring by providing low-cost solutions, and predicted to allow both disease prevention and early
detection of different medical conditions [40], this approach survey about provides detailed of wearable
sensor systems for monitoring infants’ movements [41]. Kumari et al. [42] reviewed survey about activity
tracking technologies for the care of elderly persons by wearable sensors have been developed to monitoring
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electrooculogram (EOG) and electroencephalogram (EEG), it can provide for the disease diagnosis and
treatment. Another study reviewed sensors for fall protection for the elderly and human gait analysis are
studied concerning the state of the art in wearable sensor technologies [43], reviewed a survey about a
systematic of wearable sensors and techniques used in real-time gait analysis [44], detecting the type of
activity get to monitor the player’s activity during his sporting activities [45], and state-of-the-art human
activity tracking based on wearable sensors according to their response time and learning scheme, flexibility,
and recognition accuracy [46]. Finally, a reviewed survey about the state-of-the-art fall detection and
prevention systems [47], and more many.

There are several authors interested in wearable technology in several fields. From the
aforementioned surveys, it is clear that the vast majority of the research done in the field of human activity
tracking using wearable focused on sensors that are attached firmly to users such as watches, glasses, and
skin fixtures. In contrast, it goes without explanation that most of our clothing is loose-fitted garments. This
leaves much research area to be covered in the field of wearable sensors.

However, there is an emerging tendency to tackle the problem of loose-fitted sensors in various
applications. Unlike other surveys, this paper reviews very few researches that addressed the loose-fitting
wearable. Several authors have talked about how sensors are incorporated into loose clothing and identify
human activity and ways to detect and categorize activities using wearable sensors that are not firmly
attached or fixed to the users.

3. WISDM PROJECT

Recently, there have been many online-available data base regarding the human activity tracking,
WISDM is one of the widely referenced data base. Although the work of WISDM, project does not include
loose-fitting clothes examples, it is worth mentioning here due its importance in the field of wearable
technology. The data base [48], have been cited in more than 2000 papers, which make the data set a reliable
reference point for comparisons with new cases such as loose-fitting wearable.

The WISDM laboratory is directed by Dr. Gary Weiss, a professor in Fordham University’s School
of Computer and Information Sciences. The lab is focused on collecting sensor data from smartphones and
other recent mobile devices (such as tablet computers and music players) and mining this sensor data for
useful knowledge. WISDM dataset is used constantly expanding to include new segments in mobile
application development and development of original scope to include areas such as healthcare, architectural
studies, and analytics. The datasets contain data collected through controlled, laboratory conditions.
The dataset from the WISDM to human activity tracking include walking, jogging, upstairs, downstairs,
sitting, standing, the raw data refer to the original data collected from the sensors, while transform data refer
to the same data sets but after applying fast Fourier transform (FFT) algorithm. Table 1 and Table 2
summarize the database sample sizes and classes.

Table 1. WISDM dataset

Description Raw time series data  Transformed data
Number of examples 1,098,207 5,424
Number of attributes 6 46
Missing attribute values None None

Table 2. WISDM class distribution

Type Number  Percentage of total data (%) Type Number  Percentage of total data (%)
Downstairs 122,869 11.2 Downstairs 529 9.8
Sitting 59,939 55 Sitting 307 57
Standing 48,395 44 Standing 247 4.6
Walking 424,400 38.6 Walking 2,082 384
Jogging 342,177 31.2 Jogging 1,626 30.0
Upstairs 122,869 11.2 Upstairs 633 11.7

4, LOOSE-FITTING CLOTHES TERMINOLOGY

Loose-fitting clothing is generally worn to allow better body movement and flexibility. As our arms
and legs are not tied up in narrow sleeves, we can bend and roll without worrying about sitting. It is very
important in our daily life if we have many tasks in the day, we should wear comfortable clothes so as not to be
disturbed in our work. It’s also important to think about ventilation, support, and comfort when it comes to
clothing. In the fashion business, other names may be used to indicate similar meanings e.g., baggy, wide,
comfortable clothes to mention a few. However, as mentioned before that most of our clothes fall in the loosely
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fitted category. The loose-fitting cloth category is so versatile it also includes workers’ and laborers’ overalls
and jackets, traditional clothes as well as parties’ dresses and attires as shown in Figures 1(a) to (d).

With sensors adaptation in clothes, and emerged technology knowing smart clothes that have
embedded sensors in these clothes, in contrast, most sensors and applications benefit from the close proximity to
the fabric body and ease of suitability of a garment-embedded acceleration sensor to recognize body postures.
Previous studies have confirmed that people frequently perceive tight-fitting clothing as uncomfortable. On the
other hand, new study prototypes based on loose-fitting sensing clothing showed that postures and activities
may still be recognized using sensors with less accuracy and difficulty selecting the correct sensor positions.

s’

s R b

(d)

Figure 1. Examples of loose-fitting clothes: (a) firefighter suit (left), (b) Indian traditional sari (middle left),
(c) middle eastern traditional thawb (middle right), and (d) lab-coat (right)

5. RECENT WORK ON LOOSE-FITTING CLOTHES

This section reviews previous works related to activity tracking using wearable sensors in loose-fitting
clothes. Although the works in this area are very scarce, this section reviews them and groups them by their
applications into three categories, the first is related to health and medical applications. The second category is
related to posture and gesture detection in general purpose wearable applications. The last category is about
automatic human pose annotation to detect several human postures, activity and/or gait rate.

5.1. Health applications

One of the most important uses for wearable technology is to detect and measure human movement
in loose-fitting clothes, it can detect the movement of all parts of the human body depending on the type of
motion sensor data using activity classifying algorithms [49]. Classification is an essential basis for
determining activity in various health-related applications, including assistance for motor rehabilitation to
restore the flexibility of movement to maintain upper body postures during daily activities, sensors must be
lightweight and unobtrusive to be suited to the patient’s body [50]. In the medical field, researchers are typically
interested in patient activity tracking when the patient wears loose-fitting clothing. In Harms et al. [51]
suggested a shirt with a loose-fitting long sleeve equipped with acceleration sensors as shown in Figure 2(a)
to determine the postural resolution for applications in movement rehabilitation with loose-fitting clothes,
they conducted several trials with 12 posture types and relevant for shoulder and elbow joint rehabilitation
for 8 users, their results reached the classification ratio of 89% on average. In a previous study [52] show the
study used a loose shirt worn by 7 participants, with classification accuracy using sensor data on average of
75%, to examine the effects of a loose-fitting garment on the automatic recognition of 21 postures pertinent
to shoulder and elbow rehabilitation. Another system for patient motion and posture monitoring was
presented in [53] proposed system uses flexible piezoelectric sensors attached to the knee and hip parts on
loose pants shown in Figure 2(b), to perform gait recognition it employs 10 subjects and 5 movements each
movement include walking, standing, supine, sitting, and sitting knee extension, the proposed system achieve
93% classification accuracy.

A similar system for patient position monitoring based on flexible sensors is presented in [54], the
sensors are placed in parts of the loose patient clothing near to the knee and hip, the detectable postures are
based on 6 human mations for 3 patients. Their results show classification rate of over 88%. Finally, in [55]
proposed comprehensive modeling and simulation to predict recognition performance in casual loose-fitting
garments, they use acceleration sensors that are attached to the forearm and upper arm to defind the action.
Table 3 highlights the main specifications of the aforementioned researches.
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5.2. Posture and gesture detection applications

Motion recognition is a topic created by dialects to interpret human signals through a mathematical
algorithm [56], which are represented by hands with assistance from facial expression and body posture [57].
Many researchers have been interested in designing a wearable system for detecting body postures and gestures
that do not require sensors attached tightly to the body, using sensor system embedded in loose-fitting clothes as
in [58] proposed a proposal to address the problem of human posture detection by attaching sensors in loose-fitted
casual jacket, they implement a conventional deep learning model convolutional neural networks (CNN) — long
short-term memory networks (LSTM), to overcome the noise induced by the loose-fitting of the sensors compared
to the human skin attached sensors. Bello et al. [59] a theremin musical instrument that is integrated into a
typical man’s blazer is used by the wearable system to identify body postures and gestures in a loose item of
clothing like a blazer as shown in Figure 2(c), experiments were conducted on 14 participants and achieves
average recognition accuracy between 86% — 97%.

A different approach was implemented by [60] to investigate the use of loose-fitted sensors effect on
classification results, their approach involves a piece of fabric attached to the pendulum piezo-resistive
sensors that are attached at three points — the tip of the pendulum, the center of the fabric, and the tip of the
fabric — swing freely in gravity on a single plane. The results show contrast in different types of measured
motion, results also show that it can be distinguished between different movements using support vector
machine (SVM) and digital rights management (DRM) classifiers. Finally, a system with a fabric-based
Sensor to overcome loose clothing obstacle (Tribexor) in [61] recognizes a variety of activities using inertial
sensors on wrist-worn devices, experiments were conducted on 14 people, who were asked to wear a loose
shirt with the proposed system sewn on. the results showed that the SVM classifier can successfully classify
the activities with 91%. Table 4 highlights the main specifications of the aforementioned researcher.

1
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Figure 2. Examples of some recent works on loose fitting wearables: (a) loose long sleeve shirt, (b) loose pants,
and (c) loose blazer with textile cables as capacitive antennas
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Table 3. Summary of recent work on loose fitting wearables in health monitoring applications

Ref Type clothes Sensor Sample size  Classification method  Accuracy (%)
[51] Loose long sleeve shirt  Accelerometer 8 Nearest centroid 89
[52] Loose long sleeve shirt  Accelerometer 7 Nearest centroid 75
[53] Loose pants Flexible piezoelectric 10 Rule-based 93
[54] Loose patient scrubs Flexible piezoelectric 3 Rule-based 88
[55] Shirt loose-fitting Accelerometer 5 Rule-based 96

Table 4. Summary of recent work on loose fitting wearables in posture and gesture detection

Ref Type clothes Sensor Sample size  Classification method  Accuracy (%)
[58] E-jacket Optical-strain 12 CNN-LSTM 90

[59] Blazer Textile cable 14 DeepConv-LSTM 86 — 97
[60] A fabric substrate loose-fitting  Piezo-resistive 1 (SVM) and (DRM) 70 - 95
[61] Loose shirt Inertial sensors 14 SVM 91.3

5.3. Automatic human pose annotation applications

Estimating the 3D shape of the human body in motion is important for many applications, including
those dealing with loose-fitting clothing, to know the type of activity used in movements and activity tracking.
The system presented in [62] is capable of determining the frame of the body and its movement or knowledge of
the sex of the individual through several sensors placed in loose clothing such as accelerometers in slacks,
skirts, and loose frocks, participant asked to do 4 different movements including walking, transitions, sitting and
standing mounted two sensor pairs on the upper thigh and ankle, and one sensor pair on the waist to monitor
upper body movements, and using the decision tree algorithm, classification accuracy is almost 88% for
walking but it is much lower for other activities. In Viswakumar et al. [63] introduced a user-friendly,
cost-effective approach to human gait analysis using CNN algorithm, experiments conducted with 10 people
while they are wearing Indian attires (dhoti), using OpenPose system was able to reach an accuracy of 83%.
A similar system for body annotation is presented in Matsumoto et al. [64] it proposed a framework to annotate
the body key points under the loose-fitting clothes in the movement of people while doing several different
motions to know the body position. Finally, in [65] Bayesian gait-based gender identification (BGGI) technique
using deep learning in a different angles is presented several types of loose clothes that differ widely were tested
but in summary comparable classification accuracies were achieved. Table 5 highlights the main specifications
of the aforementioned researches.

Table 5. Summary of recent work on loose fitting wearables in automatic human pose annotation

Ref Type clothes Sensor/system used Sample size  Classification method  Accuracy (%)
[62] Loose frock Tri-axial accelerometers 1 Decision tree 88
[63] Dhoti Camera with MoCap system 10 CNN 83
[64] Loose-fitting clothes cover the body MoCap system 1 Supervised learning 73
[65] Scarf with a loose dress BGGI technique 18 Deep learning 98

6. CONCLUSION

In this article, we presented a survey of research in the field of activity tracking and monitoring
using wearable sensors in loose-fitting clothes in some application such as health, tracking, and automatic
human pose annotation. Detecting and measuring human movement is one of the most urgent applications of
wearable technology in loose-fitting clothes. Activity tracking and monitoring using wearables have been
extensively studied in the last decade, and a plethora of surveys were presented. However, none of the
surveys (to the best of our knowledge) tackled the topic of wearable sensors in loose-fitted clothes.
In fairness, this topic is relatively new and the research done around it is scarce. On the other hand, the
majority of our clothes can be classified as loose-fitting to some degree, so it is expected to see an increasing
interest in this field within the next few years. Therefore, it is worth to review and accentuate the work in this
area. Related papers show promising results, where postures and activities could still be recognized at
reduced accuracy using the same typical sensors (such as accelerometer and piezoelectric sensors) and the
same machine learning algorithms. Researchers used several machine learning algorithms (e.g., SVM, CNN,
and decision tree) to classify several types of actions and movements, and achieved classification accuracies
of more than 70%. One research used deep learning and achieved almost 100% classification accuracy.
However, the results depend not only on the cloth material and garment shape but also on the placement of
the sensor within the garment. In contrast to skin-mounted sensors, smart sensing in loose-fitting clothing can
have benefits more than only being protective and aesthetically pleasing.

Human activity tracking using wearable sensors in loose-fitting clothes: survey (Maryam Adnan Fadhil)



1388 O ISSN: 1693-6930

ACKNOWLEDGMENT
The experiments of this paper were conducted in the Laboratories of Control and System
Engineering Department in the University of Technology, Irag.

REFERENCES

[1]  A. D. Salman, O. I. Khalaf, and G. M. Abdulsaheb, “An adaptive intelligent alarm system for wireless sensor network,” Indonesian
Journal of Electrical Engineering and Computer Science, vol. 15, no. 1, pp. 142-147, 2019, doi: 10.11591/ijeecs.v15.i1.pp142-147.

[21 A.S. A Munemand M. S. Croock, “Health monitoring system for ambulance emergency system using wireless sensor network,”
Engineering and Technology Journal, vol. 34, no. 15, pp. 2877-2890, 2016, doi: 10.30684/etj.34.15A.9.

[31 T. M. Ridha et al., “Model free iPID control for glycemia regulation of type-1 diabetes,” IEEE Transactions on Biomedical
Engineering, vol. 65, no. 1, pp. 199-206, 2018, doi: 10.1109/TBME.2017.2698036.

[4] K. Menani, T. M. Ridha, N. Magdelaine, M. Abdelaziz, and C. H. Moog, “Positive sliding mode control for blood glucose regulation,”
International Journal of Systems Science, vol. 48, no. 15, pp. 3267-3278, 2017, doi: 10.1080/00207721.2017.1381893.

[5] T.M.Ridha, P. S. Rivadeneira, N. Magdelaine, M. Cardelli, and C. H. Moog, “Positively invariant sets of a TIDM model: Hypoglycemia
prediction and avoidance,” Journal of the Franklin Institute, vol. 356, no. 11, pp. 5652-5674, 2019, doi: 10.1016/j.jfranklin.2019.03.022.

[6] B. Garg, A. Chaudhary, K. Mendiratta, and V. Kumar, “Fingerprint recognition using gabor filter,” 2014 International Conference on
Computing for Sustainable Global Development (INDIACom), 2014, pp. 953-958, doi: 10.1109/IndiaCom.2014.6828105.

[71 S. M. Al-Qaraawy, H. M. Hasan, and M. F. Esmaile, “Remote ECG signal monitoring via internet,” Engineering and Technology
Journal, vol. 27, no. 7, pp. 1324-1335, 2009, doi: 10.30684/etj.27.7.9.

[8] R. A. Tabanand M. S. Croock, “Eye tracking based directional control system using mobile applications,” International Journal
of Computing and Digital Systems, vol. 7, no. 6, pp. 365-374, 2018, doi: 10.12785/ijcds/070605.

[91 M. S. Croock, S. Al-Qaraawi, and S. H. Alawi, “Quadreplegia wheelchair control system using electroencephalography signals,” Journal
of Viticulture and Enology, vol. 33, no. 4, pp. 218-237, 2018. [Online]. Available: https:/mww.researchgate.net/publication/330509122_
quadreplegia_wheelchair_control_system_using_electroencephalography_signals

[10] S. S. Mahmood and L. J. Saud, “An Efficient Approach for Detecting and Classifying Moving Vehicles in a Video Based
Monitoring System,” Engineering and Technology Journal, vol. 38, no. 6, pp. 832845, 2020, doi: 10.30684/etj.v38i6a.438.

[11] S. A. Al-Samarraie, M. N. Hamza, and Y. Abbas, “Design of a nonlinear robust controller for vibration control of a vehicle suspension
system,” Engineering and Technology Journal, wvol. 29, no. 11, pp. 2259-2273, 2011. [Online]. Available:
https:/iww.iasj.net/iasj/download/6d758fa23211ee0f

[12] A.S. M. Al-Obaidi, A. Al-Qassar, A. R. Nasser, A. Alkhayyat, A. J. Humaidi, and 1. K. Ibraheem, “Embedded design and implementation
of mobile robot for surveillance applications,” Indonesian Journal of Science and Technology, vol. 6, no. 2, pp. 427-440, 2021. [Online].
Auvailable: https:/Amww.researchgate.net/profile/Ahmed-Raoof-Nasser/publication/354834464_Embedded Design_and_Implementation_
of_Mobile_Robot_428/links/614ed542d2ebba7be74740fe/Embedded-Design-and-Implementation-of-Mobile-Robot-428.pdf

[13] M. S. Croock, Z. M. Faris, and A. K. Taqi, “Smart farm management system based on sensors network,” Ciéncia e Técnica
Vitivinicola, vol. 33, no. 1, pp. 177-201, 2018,

[14] R. R. A. Hussein, S. M. Al-Qaraawi, and M. S. Croock, “Viterbi optimization for crime detection and identification,”
TELKOMNIKA (Telecommunication, Computing, Electronics and Control), vol. 18, no. 5, pp. 2378-2384, 2020,
doi: 10.12928/ TELKOMNIKA.V1815.13398.

[15] A. Wang, G. Chen, J. Yang, S. Zhao, and C. -Y. Chang, “A comparative study on human activity recognition using inertial
sensors in a smartphone,” IEEE Sensors Journal, vol. 16, no. 11, pp. 4566—4578, 2016, doi: 10.1109/JSEN.2016.2545708.

[16] Y. -L.Hsu, S. -C. Yang, H. -C. Chang, and H. -C. Lai, “Human Daily and Sport Activity Recognition Using a Wearable Inertial
Sensor Network,” IEEE Access, vol. 6, pp. 31715-31728, 2018, doi: 10.1109/ACCESS.2018.2839766.

[17] M. M. -Organero, “Outlier detection in wearable sensor data for human activity recognition (HAR) based on DRNNs,” IEEE
Access, vol. 7, pp. 7442274436, 2019, doi: 10.1109/ACCESS.2019.2921096.

[18] C. Jobanputra, J. Bavishi, and N. Doshi, “Human activity recognition: A survey,” Procedia Computer Science, vol. 155, pp. 698-703,
2019, doi: 10.1016/j.procs.2019.08.100.

[19] J. K. Aggarwal and M. S. Ryoo, “Human activity analysis: a review,” ACM Computing Surveys, vol. 43, no. 3, pp. 1-43, Apr.
2011, doi: 10.1145/1922649.1922653.

[20] S. C. Mukhopadhyay, “Wearable sensors for human activity monitoring: A review,” IEEE Sensors Journal, vol. 15, no. 3, pp. 1321-1330,
2015, doi: 10.1109/JSEN.2014.2370945.

[21] P. Castillejo, J. -F. Martinez, J. R. -Molina, and A. Cuerva, “Integration of wearable devices in a wireless sensor network for an
E-health application,” IEEE Wireless Communications, vol. 20, no. 4, pp. 38-49, 2013, doi: 10.1109/MWC.2013.6590049.

[22] M. M. Rahma and A. D. Salman, “A wearable medical monitoring and alert system of COVID-19 patients,” Iragi Journal for Computers
and Informatics, vol. 47, no. 1, pp. 12-17, 2021.

[23] L. G. -Villanueva, S. Cagnoni, and L. Ascari, “Design of a wearable sensing system for human motion monitoring in physical
rehabilitation,” Sensors, vol. 13, no. 6, pp. 7735-7755, 2013, doi: 10.3390/s130607735.

[24] M. O. Agyeman and A. Al-Mahmood, “Design and implementation of a wearable device for motivating patients with upper
and/or lower limb disability via gaming and home rehabilitation,” in 2019 Fourth International Conference on Fog and Mobile
Edge Computing (FMEC), 2019, pp. 247-252, doi: 10.1109/FMEC.2019.8795317.

[25] J. Cheng, O. Amft, G. Bahle, and P. Lukowicz, “Designing sensitive wearable capacitive sensors for activity recognition,” IEEE
Sensors Journal, vol. 13, no. 10, pp. 3935-3947, 2013, doi: 10.1109/JSEN.2013.2259693.

[26] P. Salvo, F. D. Francesco, D. Costanzo, C. Ferrari, M. G. Trivella, and D. D. Rossi, “A wearable sensor for measuring sweat
rate,” IEEE Sensors Journal, vol. 10, no. 10, pp. 1557-1558, 2010, doi: 10.1109/JSEN.2010.2046634.

[27] A. Zadeh, D. Taylor, M. Bertsos, T. Tillman, N. Nosoudi, and S. Bruce, “Predicting sports injuries with wearable technology and
data analysis,” Information Systems Frontiers, vol. 23, pp. 1023-1037, 2021, doi: 10.1007/s10796-020-10018-3.

[28] H. A. Mansoure and H. N. Abdullah, “Design and implementation of remote real-time monitor system for prosthetic limbs,”
Engineering and Technology Journal, vol. 40, no. 1, pp. 6065, 2022, doi: 10.30684/etj.v40i1.2187.

[29] A. M. Rahmani, S. Bayramov, and B. K. Kalejahi, “Internet of things applications: Opportunities and threats,” Wireless Personal
Communications, vol. 122, pp. 451-476, 2022, doi: 10.1007/s11277-021-08907-0.

[30] M. Azhar and A. H. Seno, “A group authentication protocol on multilayer structure for privacy-preserving 10T environment,”
Engineering and Technology Journal, vol. 37, no. 5A, pp. 172-180, 2019, doi: 10.30684/etj.37.5a.4.

TELKOMNIKA Telecommun Comput EI Control, Vol. 21, No. 6, December 2023: 1382-1390



TELKOMNIKA Telecommun Comput EI Control O 1389

[31]
[32]
[33]
[34]

[35]

[36]
[37]
[38]
[39]

[40]

[41]
[42]
[43]
[44]

[45]

[46]
[47]
[48]
[49]
[50]

[51]

[52]
[53]
[54]

[55]

[56]
[57]

[58]

[59]

[60]

[61]

[62]
[63]

[64]

N. A. -Hussein and A. D. Salman, “IoT monitoring system based on MQTT publisher/subscriber protocol,” Iragi Journal of
Computers, Communications, Control, and Systems Engineering (IJCCCE), vol. 20, no. 3, pp. 75-83, 2020.

A. R. Nasser et al., “IoT and cloud computing in health-care: A new wearable device and cloud-based deep learning algorithm for
monitoring of diabetes,” Electronics, vol. 10, no. 21, 2021, doi: 10.3390/electronics10212719.

A. D. Salman, U. Khudheer, and G. M. Abdulsaheb, “An adaptive smart street light system for smart city,” Journal of
Computational and Theoretical Nanoscience, vol. 16, no. 1, pp. 262-268, Jan. 2019, doi: 10.1166/jctn.2019.7944.

O. I. Khalaf, and G. M. Addulsahib, N. A. K. Zghair, “IOT fire detection system using sensor with Arduino,” Revista AUS, vol. 26, no. 1,
pp. 74-78, 2019.

M. A. A. Aziz, M. F. Abas, M. K. A. A. Bashri, N. M. Saad, and M. H. Ariff, “Evaluating IoT based passive water catchment monitoring
system data acquisition and analysis,” Bulletin of Electrical Engineering and Informatics, vol. 8, no. 4, pp. 1373-1382, 2019,
doi: 10.11591/eei.v8i4.1583.

S. N. Ibrahim, A. H. H. Basri, and A. L. Asnawi, “Development of web-based surveillance system for internet of things (loT)
application,” Bulletin of Electrical Engineering and Informatics, vol. 8, no. 3, pp. 1108-1116, 2019, doi: 10.11591/eei.v8i3.1520.
M. A. Abdelaziz and A. D. Salman, “Internet of robotic monitoring things (IoRMT),” Iragi Journal of Computers,
Communications, Control, and Systems Engineering (IJCCCE), vol. 20, no. 3, pp. 16-28, 2020.

A. H. M. Aman, E. Yadegaridehkordi, Z. S. Attarbashi, R. Hassan, and Y. -J. Park, “A survey on trend and classification of
internet of things reviews,” IEEE Access, vol. 8, pp. 111763-111782, 2020, doi: 10.1109/ACCESS.2020.3002932.

W. Yan, C. Shuang, and Y. Hongnian, “A survey on wearable sensor modality centred human activity recognition in health care,”
Expert Systems with Applications, vol. 137, pp. 167-190, 2019, doi: 10.1016/j.eswa.2019.04.057.

A. Pantelopoulos and N. G. Bourbakis, “A survey on wearable sensor-based systems for health monitoring and prognosis,” IEEE
Transactions on Systems, Man, and Cybernetics, Part C (Applications and Reviews), vol. 40, no. 1, pp. 1-12, 2010,
doi: 10.1109/TSMCC.2009.2032660.

H. Chen, M. Xue, Z. Mei, S. B. Octomo, and W. Chen, “A review of wearable sensor systems for monitoring body movements of
neonates,” Sensors, vol. 16, no. 12, 2016, doi: 10.3390/s16122134.

P. Kumari, L. Mathew, and P. Syal, “Increasing trend of wearables and multimodal interface for human activity monitoring: A
review,” Biosensors and Bioelectronics, vol. 90, pp. 298-307, 2017, doi: 10.1016/j.bios.2016.12.001.

J. S. Olson and S. Redkar, “A survey of wearable sensor networks in health and entertainment,” MOJ Applied Bionics and
Biomechanics, vol. 2, no. 5, pp. 280-287, 2018, doi: 10.15406/mojabb.2018.02.00082.

H. Prasanth et al., “Wearable sensor-based real-time gait detection: a systematic review,” Sensors, vol. 21, no. 8, 2021,
doi: 10.3390/s21082727.

N. Nithya and G. Nallavan, “Role of wearables in sports based on activity recognition and biometric parameters: a survey,” in
2021 International Conference on Artificial Intelligence and Smart Systems (ICAIS), 2021, pp. 1700-1705,
doi: 10.1109/ICAIS50930.2021.9395761.

Y. J. Rakesh, R. Kavitha, and J. Julian, “Human Activity Recognition Using Wearable Sensors,” Intelligent Data Engineering and
Analytics, Singapore: Springer, 2020, vol. 1177, pp. 527-538, doi: 10.1007/978-981-15-5679-1_51.

Y. S. Delahoz and M. A. Labrador, “Survey on fall detection and fall prevention using wearable and external sensors,” Sensors,
vol. 14, no. 10, pp. 19806-19842, 2014, doi: 10.3390/5141019806.

J. R. Kwapisz, G. M. Weiss, and S. A. Moore, “Activity recognition using cell phone accelerometers,” ACM SIGKDD
Explorations Newsletter, vol. 12, no. 2, pp. 74-82, 2010, doi: 10.1145/1964897.1964918.

G. Gioberto, J. Coughlin, K. Bibeau, and L. E. Dunne, “Detecting bends and fabric folds using stitched sensors,” in ISWC 13:
Proceedings of the 2013 International Symposium on Wearable Computers, 2013, pp. 53-56, doi: 10.1145/2493988.2494355.

H. Harms, O. Amft, D. Roggen, and G. Troster, “Rapid prototyping of smart garments for activity-aware applications,” Journal of
Ambient Intelligence and Smart Environments, vol. 1, no. 2, pp. 87-101, 2009, doi: 10.3233/AlS-2009-0015.

H. Harms, O. Amft, D. Roggen, and G. Troster, “SMASH: A distributed sensing and processing garment for the classification of
upper body  postures,” in  3rd International ICST Conference on Body Area  Networks, 2010,
doi: 10.4108/ICST.BODYNETS2008.2955.

H. Harms, O. Amft, and G. Troster, “Influence of a loose-fitting sensing garment on posture recognition in rehabilitation,” in
2008 IEEE Biomedical Circuits and Systems Conference, 2008, pp. 353-356, doi: 10.1109/BIOCAS.2008.4696947.

Y. Cha, H. Kim, and D. Kim, “Flexible piezoelectric sensor-based gait recognition,” Sensors, vol. 18, no. 2, 2018,
doi: 10.3390/518020468.

Y. Cha, K. Nam, and D. Kim, “Patient posture monitoring system based on flexible sensors,” Sensors, vol. 17, no. 3, 2017,
doi: 10.3390/517030584.

H. Harms, O. Amft, and G. Troster, “Estimating posture-recognition performance in sensing garments using geometric wrinkle
modeling,” IEEE Transactions on Information Technology in Biomedicine, vol. 14, no. 6, pp. 1436-1445, 2010,
doi: 10.1109/TITB.2010.2076822.

K. M. Sagayam and D. J. Hemanth, “Hand posture and gesture recognition techniques for virtual reality applications: a survey,”
Virtual Reality, vol. 21, pp. 91-107, 2017, doi: 10.1007/s10055-016-0301-0.

A. A. Abdulhussein and F. A. Raheem, “Hand gesture recognition of static letters american sign language (ASL) Using deep
learning,” Engineering and Technology Journal, vol. 38, no. 6A, pp. 926-937, 2020, doi: 10.30684/etj.v38i6a.533.

Q. Lin et al., “E-jacket: posture detection with loose-fitting garment using a novel strain sensor,” in 2020 19th ACM/IEEE
International ~ Conference on Information  Processing in  Sensor  Networks (IPSN), 2020, pp. 49-60,
doi: 10.1109/IPSN48710.2020.00-47.

H. Bello, B. Zhou, S. Suh, and P. Lukowicz, “MoCapaci: Posture and gesture detection in loose garments using textile cables as
capacitive antennas,” in Proc. of the 2021 ACM International Symposium on Wearable Computers, 2021, pp. 78-83,
doi: 10.1145/3460421.3480418.

B. Michael and M. Howard, “Activity recognition with wearable sensors on loose clothing,” PL0S ONE, 2017,
doi: 10.1371/journal.pone.0184642.

A. Kiaghadi, M. Baima, J. Gummeson, T. Andrew, and D. Ganesan, “Fabric as a Sensor: Towards unobtrusive sensing of human
behavior with triboelectric textiles,” in SenSys ‘18: Proceedings of the 16th ACM Conference on Embedded Networked Sensor
Systems, 2018, pp. 199-210, doi: 10.1145/3274783.3274845.

U. Jayasinghe, W. S. Harwin, and F. Hwang, “Comparing clothing-mounted sensors with wearable sensors for movement analysis
and activity classification,” Sensors, vol. 20, no. 1, 2020, doi: 10.3390/s20010082.

A. Viswakumar, V. Rajagopalan, T. Ray, and C. Parimi, “Human Gait Analysis Using OpenPose,” in 2019 Fifth International
Conference on Image Information Processing (ICIIP), 2019, pp. 310-314, doi: 10.1109/ICI1P47207.2019.8985781.

T. Matsumoto et al., “Automatic human pose annotation for loose-fitting clothes,” in 2019 16th International Conference on

Human activity tracking using wearable sensors in loose-fitting clothes: survey (Maryam Adnan Fadhil)



1390 O

ISSN: 1693-6930

Machine Vision Applications (MVA), 2019, pp. 1-6, doi: 10.23919/MVA.2019.8757927.

[65] A. Singh, A. Kumar, and A. Jain, “Bayesian gait-based gender identification (BGGI) network on individuals wearing loosely
fitted clothing,” in 2019 IEEE/CVF International Conference on Computer Vision Workshop (ICCVW), 2019, pp. 1828-1835,
doi: 10.1109/ICCVW.2019.00227.

BIOGRAPHIES OF AUTHORS
e

’r -

T

)

Maryam Adnan Fadhil g 12 is M.Sc. student in the Department of Control and
System Engineering, University of Technology, Irag, and holds a Bachelor’s degree from the
Department of Computer Engineering, University of Diyala, Iraq. She can be contacted at
email: cse.20.07@grad.uotechnology.edu.ig.

Waleed F. Shareef © E:d B 13 js a lecturer in Control and System Engineering Department,
University of Technology-Iraq, he received B.Sc. and M.Sc. in Computer Engineering from
the Control and System Engineering Department, University of Technology, Iraq, and Ph.D. in
Electrical and Computer Engineering from Newcastle University, UK. His research interests
are mainly in wireless sensor networks, wearable technology, and monitoring system. He can
be contacted at email: waleed.f.shareef@uotechnology.edu.iq.

TELKOMNIKA Telecommun Comput EI Control, Vol. 21, No. 6, December 2023: 1382-1390


https://orcid.org/0000-0003-3782-6810
https://orcid.org/0000-0002-7774-8231
https://scholar.google.com/citations?hl=en&user=3FAK4fcAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=57105145000
https://www.webofscience.com/wos/author/record/E-7225-2019

