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Abstract 

In excess of 81% of ladies in the populace, as per a GFK review, have 

encountered some type of provocation eventually in their lives. This 

measurement delineates the degree of difficulties ladies face in fostering 

their certainty, developing, and advancing in a general public that is 

unendingly tormented by the possibility of a perilous climate, It has upset 

their capacity to prosper and denied females freedom and similar 

privileges as men. They are allowed to put themselves out there whenever 

they need without stressing over their security or general prosperity or 

whether they need a chaperone to deal with their outward way of 

behaving. We made an IoT-based gadget while considering these potential 

outcomes to resolve this cultural issue. the first The reason for this gadget 

is to give ladies a device so they might have a good sense of reassurance 

and secure while out in broad daylight at any odd hour, without feeling 

vulnerable and fearful. This gadget's different parts incorporate a crisis 

button, GPS, GSM, a LCD, and an Arduino UNO. We have an implicit 

report the self-preservation system for ladies' security to help them in 

some most pessimistic scenario situations, for example, attack and 

badgering as well as the potential for being captured by drivers in the road, 

on open transportation, and in taxis. Ladies are driving and making critical 

commitments in various ventures, including business, training, and the 

wellbeing area, to give some examples, however there might have been a 

lot more ladies working in these positions. The badgering and wellbeing 

worries that deny them of their justified situations in the public eye are not 

new to mankind. Ladies will not need to stress over their security in open 

any more in the event that they use this gadget. 
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List Terms — Security for Ladies Brilliant gloves, ladies' wellbeing 

contraptions, ladies' security gadgets, and IoT devices. 

 

 

Introduction 

Ladies contend straight on with men in each line of work, as per the World Bank [1], which 

gauges that they make up half of the worldwide populace. Ladies in contemporary culture are 

presented to a male-ruled environment that presents the gamble of provocation. As indicated by 

the Gfk study [2],43% of men and 81% of ladies have encountered badgering sooner or later in 

their lives. Ladies give their wellbeing more thought prior to arriving at conclusions about work, 

training, work out, and different regions since they are bound to be gone after than men. They 

experience provocation at work and not when they let the structure be or at home. alone they 

normally go through a great deal of issues like theft, badgering, and evenrapeaswell. Like this, 

significant wrongdoings including ladies are happening, for example, homegrown maltreatment 

in homes and networks, particularly in modest communities where there is less policing they are 

exposed to serious actual attacks that are normally not recorded. In every one of these situations, 

ladies are left helpless casualties with little they can do to safeguard themselves. Ladies have a 

huge gamble of savagery from relatives.  

 

 

Fig1showsreportofUnitedNationsOfficeonDrugsandCrimefrom2005to2012,55%ofthefemalehomic

idefatalitieswerecausedbycloserelatives. 

 

As per Seat Exploration Center examination, ladies are almost certain than men to confront online 

provocation. Almost 2.5 million episodes of sexual savagery were accounted for in 2014. Fig. 3 

shows a synopsis of the report that the UN Office of Medications and Wrongdoing conveyed. Using 

the latest advancements in the Web of things field can assist with decreasing and direct such 

circumstances. 

The previously mentioned data makes clearly ladies' security is earnestly required in the country. 
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It's memorable's critical, however, that innovation progress has penetrated numerous aspects of 

presence. Hence, it is feasible to use the advantages of mechanical progressions for in different 

methodologies, including the presentation of electronic coats [4], implanted shoes [5], GPS-based 

watches [6], and savvy wearable advancements [7], have been utilized to build the security of 

ladies. In any case, there are a few issues with the previously mentioned frameworks, for example, 

the way that not even one of them can send notices and only one of them utilizes a heartbeat sensor. 

 

 

 

Figure 2: Young Women Being Harassed Online [3] 

 

Our examination centers around giving feasible answers for work on ladies' security. We prescribed 

utilizing the Web of Things to guarantee ladies' security (IoT). The arrangement is brilliant gloves, 

which will uphold ladies who are the objective of provocation. The brilliant gloves will contain 

Arduino, GSM, and GPS modules. A button on the savvy gloves initiates the entirety of the parts 

and sends an alarm message to the enlisted telephone numbers alongside the ongoing directions 

when squeezed for 5 seconds. If all else fails, it will produce a notice that can be utilized in the 

future to catch the wrongdoer. Prior to going out, ladies can now wear shrewd gloves; they should 

simply turn on every one of the parts and Through GPS and GSM, communicate something specific 

caution with the ongoing directions. When given a questionable circumstance, you should press a 

button on the gloves for 5 seconds to the enrolled numbers. In this examination, A press button, an 

Arduino UNO, a heartbeat rate sensor to follow an individual's pulse, GPS to track down the 

ongoing area, and GSM to send the data to pre-enrolled telephone numbers are completely utilized. 

The GPS and GSM-got position and message will be displayed on the LCD. 

The paper is organized as follows: Segment I contains the presentation. Area II contains the writing 

audit of the former work. Area III contains data about the approach. Segment IV presents Results 

and Conversation, while Area V finishes up the work. 
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LITERATUREREVIEW 

Gadhaveetal et al. made an electric coat in view of Raspberry Pi modules for ladies' security in [4]. 

It utilizes versatile innovation, which could prompt the sending of ready messages to the casualty's 

dear companions and family members. It utilizes GSM and GPS modules to make and send 

messages. The primary benefit is that it tends to be utilized as a self-preservation weapon since it 

shocks individuals by means of shock circuits, helping ladies and youngsters in shielding 

themselves from the lawbreakers. Cherukat et al. introduced implanted shoes for ladies' security 

utilizing a microcontroller in [5]. The review recommends using a microcontroller/sensor combo 

that enacts when shoes are eliminated and utilizes GPS and GSM modules to send enrolled 

telephone numbers a text and area. The fundamental benefit is the capacity to follow area and send 

its directions to the enlisted numbers. 

The microcontroller-based Web of Things framework for ladies' security that Sharma et al. 

proposed in [8] purportedly requires the utilization of a power source, energy switch, 

microcontroller, GPS module, and GSM modem. Squeezing the button will send the area directions 

to the relatives and the local police headquarters in the event of a crisis. The fundamental benefit it 

has over the past strategy is that it just requires squeezing a button to inform the enrolled contacts. 

Helen et al. introduced a GPS-based WATCH for ladies' security in [6], where they suggested 

utilizing a movement sensor, GSM, GPS, beat rate sensor, and Bluetooth. It distinguishes the 

wearer's pulse and enacts the admonition on the off chance that it is in a dangerous circumstance or 

in danger of being gone after. Messages will likewise be sent straightforwardly to the enrolled 

numbers. The primary benefit of the proposed framework is that, ideally, it could screen an 

individual's pulse and, on the off chance that it beats more rapidly than expected, enact, sounding a 

caution that could be utilized to alarm individuals close by. 

An Arduino ATmega 328-based glove would utilize SIM900A, shock circuit, GSM, and Arduino, 

as per Kumar et al's proposition in [9]. These gloves have a button that can be utilized to enact the 

shock circuit immediately. The utilization of this gadget to protect ladies, young ladies, the old, and 

individuals with actual handicaps is beneficial. 

Ranjeeth et al. in [7] offered a microcontroller-based shrewd wearable gadget for kid security, and 

the review recommended utilizing GPS, GSM, temperature, beat rate, and WIFI modules. 

Essentially pushing the crisis key will enact this device in a crisis, and it will utilize GPS and GSM 

modules to send messages to the guardians or other concerned parties assuming the kid is snatched, 

in harm's way, or for some other explanation. A WIFI module that communicates and stores GPS 

and GSM information in the cloud for various days is an advantage of the gadget. Its gadget 
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incorporates a temperature sensor for climate observing and a heartbeat rate sensor for pulse 

checking of the youth. 

As per Akram et al. in [10], a microcontroller-based shrewd gadget for ladies' wellbeing 

incorporates equipment parts such an At-uber 328 microcontroller, a finger impression sensor, a 

GSM module, a shock-wave sensor, and a ringer. At the point when the enlisted client examines his 

finger with a unique mark scanner, it will become dynamic. At the point when guardians or other 

closely involved individuals are added to the gadget, the GSM module consequently sends warnings 

when In that a crisis, a bell sensor will likewise sound to flag for reinforcement if thefinger 

impression scanner doesn't identify a unique mark or on the other hand on the off chance that 

somebody eliminates a finger from the scanner. Moreover, it has a shock-wave sensor that ladies 

can use for self-protection and that can be utilized as a weapon. 

 

Figure 3 (Reports of Sexual Brutality Against Ladies) An ESP-based Savvy IoT Gadget was 

proposed by Jadhav et al. in [3]. The proposed framework was intended to give ladies an instrument 

that could guarantee their security. A lady would have to press the button fastened to the proposed 

gear if at any point in a risky circumstance. At the point when the button is squeezed, the gadget 

turns on, and a quick photograph of the area is shipped off the enrolled telephone numbers. It will 

likewise create a high-recurrence alarm likewise, which might assist with energizing the area. 

A security answer for ladies utilizing the web of things was given by Umadevi et al. in [11]. The 

proposed approach was created to lessen the recurrence of events of badgering including ladies and 

youngsters. It includes various sensors, like temperature and movement sensors, as well as a camera 

that takes pictures sometimes. It is the obligation of the temperature sensor to gauge temperature; in 

the event that those readings surpass the exhorted limit, a sign showing the enlisted figures will be 

conveyed to the related cell phone. Like the past situation, the movement sensors' errand in this one 

is to find development of neighboring items that are inside a foreordained distance. These 

information will be assembled utilizing different sensors and transferred to the cloud. It is 

appropriate to future investigation to be finished. 

Figure 3. Instances of Detailed Rape As per the examination table beneath, the [4] is costly, 

massive, and challenging to use in every single atmospheric condition. because of the way that it 

must be worn all through the colder time of year. The [5] is like the [5, in that it must be utilized 

with Bluetooth-empowered cell phones. Consequently, it just transmissions the area directions to 

the enrolled contacts in a crisis when the shoes are eliminated. The [8] is slow, weighty, and 

massive, and it needs a huge region for connection. A couple of capabilities are accessible, such the 
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one to communicate the situation to enrolled telephones. Ladies' Attacks [3] Cons: It misses the 

mark on instrument that can be utilized to safeguard oneself, and assuming somebody wearing it 

went running, it could tumble off. Their hearts would thump speedier toward the beginning of the 

day. The gadget would hence create a deception sound and give a false impression to the enlisted 

numbers in that. Like the [9] downside, it needs GPS, which is useful for telling the nearby police 

headquarters or confided in relatives of the area. Since the gloves are notwaterproof, they can't be 

utilized during the blustery season. It might send messages to the terminal with a perceptible 

postponement on the off chance that the pre-characterized number surpasses its ability. 

The main pressing concern with [7] is that it comes up short on weapon to protect itself in an 

uncommon situation and possibly works when a kid pushes the key. The kids battle to make sure to 

press the In a crisis, press the button to turn the device on. The [10] requirement has a comparative 

limitation to the past one in that it is badly designed to wear and broken when an individual's 

fingers are slick or soggy. Like how a finger impression is perused by intently examining fingers 

sensor is likewise unsatisfactory in ordinary circumstances. The [3] has a few serious 

disadvantages, as the framework's all out dependence on the camera, which blocks it from taking 

great pictures in low light. Also, the [3] is absent any trace of any connections that may be essential 

for self-preservation in testing circumstances. Like that, the proposed contraption [11] has 

significant inadequacies too. As a delineation, in the event that somebody wearing the gadget goes 

for a run, their internal heat level will increment over the gadget's limit, bringing about a misleading 

sign for help being shipped off the enlisted numbers. Furthermore, on the off chance that the 

singular wearing the gadget is in closeness to a moving vehicle. 

 

METHODOLOGY 

A. Components 

The recommended contraption has the accompanying parts: 

the Arduino Uno: In view of the AT-mega328P microchip, it is an open-source microcontroller. It 

could be associated with different circuits and breadboards and contains simple and computerized 

pins for information and result. [13]-[15]. 

Second GPS Module: One purposes the Worldwide Situating Framework, or GPS, to find out where 

they are at the present time. It monitors the area by utilizing the scope and longitude organizes [16, 

[17]. These directions are utilized by the GPS Coder module to look into data about a location, 

including the specific road name in addition to other things. Just the scope and longitude will be 

sent through SMS when the GPS is switched off. There is no requirement for web access in this 
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situation. 

(3) GSM Module: This remote module works with a GSM remote organization. Information 

transmission speeds as well as voice interchanges are upheld. The GSM Card numbers are saved in 

their data set. The GSM goes about as both a recipient and a transmitter in the proposed framework, 

while the GPS goes about as a transmitter. The GPS produces the qualities from the start, and they 

are then conveyed by SMS to the pre-characterized crisis numbers [18]-[20]. 

The Arduino is connected to a heartbeat rate sensor in sync four. The beats from the sensor are 

gotten by Arduino, which then processes the pulse and sends the information. In case of any variety 

from the normal speed, the GSM module will consequently send a caution [21]. 

(5) The crisis button actuates all sensors when squeezed. It will create and convey a message to the 

microcontroller, which will send the GPS directions to the local police division or the enrolled 

versatile quantities of family or dear companions through the GSM module. 

(6) Battery: The 12V battery's principal advantage Its benefits over the opposition incorporate being 

generally accessible and reasonably valued. It is additionally reasonable at first and fast to fix. 

Part B of equipment execution 

The ongoing area not entirely set in stone by the GPS module, as displayed in Fig. 4, and its 

longitude and elevation will be communicated to the Arduino UNO and this Arduino UNO will add 

them to the message prior to sending it over SIM900D to the enlisted numbers or virtual terminal. 

 

 

Fig.4.CircuitDiagram 

 

At the point when a client of the savvy gloves raises a ruckus around town button while in a 

perilous situation, sensors, for example, GPS, ringers, shock circuits, and heartbeat sensors are 

turned on in the 12V battery-worked gloves. The beat rate sensor and shock circuit are both initiated 

by these sensors, taking into consideration self-protection. consistently screen beat rate in the event 
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that it is more noteworthy than edge, which is 100 bpm, the individual is in harm's way and requires 

prompt attention. also, support. On the off chance that a sign is found, GPS will communicate 

something specific for help to the enrolled numbers, for example, the police headquarters and home. 

At the point when the crisis button is squeezed, the caution and bell go off, simplifying it to demand 

help from your neighbor 

 

Fig.5.Flowchart 
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RESULTSANDDISCUSSIONS 

The GSM Modem involves AT directions for correspondence, for example, sending messages to 

enlisted numbers like a relative or police headquarters. The enrolled numbers should be saved by 

the microcontroller programming. Figure 8 shows the communicated messages that are created by 

the GPS module and sent by the terminal utilizing the GSM modem to the enlisted numbers. The 

gadget worked faultlessly both inside and outside, except for a feeble versatile sign gathering. As in 

this occasion, the correspondence connect is broken and the proposed framework can't pass notices 

on to the fitting specialists, as found in Fig 6. 

 

 

Figure 6 shows the status of data transmission with no signal. 

 

CONCLUSION 

An IoT-based brilliant glove will be an extraordinary device for individuals' wellbeing and self-

preservation when they are in an uncomfortable or odd circumstance. These gloves are versatile and 

light to the point of conveying without any problem. Each part, including the Arduino Uno, is 

effectively available in business sectors and have fair costs. Signals are shipped off the enrolled 

clients assuming the client presses the crisis button on these savvy gloves. They have a shock 

circuit too, which can be utilized for safeguard. By putting a small camera inside the gloves, you 

can catch a picture of the guilty party for sometime in the future, which could help policing. 
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Fig:7 DataTransmissionStatuswithSignals 

 

 

 

Fig.8.Results 

 

References 

[1] A. Narayan, ―Population, female (% of total population).‖ 

[2] E. Otte, ―Toxic secrecy: Non-disclosure agreements and# metoo,‖ U.Kan. L. Rev., vol. 69, p. 

545, 2020. 

[3] D. McPhillips, ―The war on women, in 5 charts.‖https://www.usnews.com/news/best-

countries/articles/2016-10-20/violence-against-women-in-5-charts, Oct 2016. Accessed: 2021-

10-07. 

[4] S. N. Gadhave, S. D. Kale, S. N. Shinde, and A. C. Bhosale, ―Electronicjacket for women 

safety,‖ IRJET, 2017. 

[5] S. Cherukat, V. Suresh, and R. Babu, ―Innovative embedded shoe designfor women safety,‖ 

[6] A. Helen, M. F. Fathila, R. Rijwana, and V. Kalaiselvi, ―A smart watchfor women security 

based on iot concept ‗watch me‘,‖ in 2017 2nd Inter-national Conference on Computing and 

Communications Technologies(ICCCT), pp. 190–194, IEEE, 2017. 

[7] B. Ranjeeth, B. S. Reddy, Y. M. K. Reddy, S. Suchitra, and B. Pavithra,―Smart child safety 

wearable device,‖ in 2020 International Confer-ence on Electronics and Sustainable 

Communication Systems (ICESC),pp. 116–120, IEEE, 2020. 

[8] S. Sharma, F. Ayaz, R. Sharma, D. Jain, and B. Student, ―Iot basedwomen safety device using 



Mathematical Statistician and Engineering Applications 

ISSN: 2094-0343 

2326-9865 

 

 

9222 

  
Vol. 71 No. 4 (2022) 

http://philstat.org.ph 

 

 

 

arm7,‖ IJESC, vol. 7, no. 5, pp. 11465–11466, 2017. 

[9] B. A. Kumar, T. P. Reddy, A. Srilekha, and A. Tejaswi, ―Design of smartglove using gps and 

gsm based defence system for women safety,‖W. Akram, M. Jain, and C. S. Hemalatha, 

―Design of a smart safetydevice for women using iot,‖ Procedia Computer Science, vol. 

165,pp. 656–662, 2019. 

[11] P. Eswaran, ―Womens security solution using: Iot,‖ International Journalof Pure and Applied 

Mathematics, vol. 119, no. 10, pp. 1871–1874,2018. 

[12] S. R. Jadhav, P. S. Patil, V. H. Thigale, M. Andhare, and T. B. Kute, ―Aesp based smart device 

for women safety using iot,‖ 

[13] O. B. Samin, S. Imtiaz, M. Omar, N. Naseeb, and S. A. Shah,―Wakemeup: Weight dependent 

intelligent and robust alarm system usingload cells,‖ in International Conference on Intelligent 

Systems Design and Applications, pp. 367–376, Springer, 2020. 

[14] P. Teikari, R. P. Najjar, H. Malkki, K. Knoblauch, D. Dumortier,C. Gronfier, and H. M. 

Cooper, ―An inexpensive arduino-based ledstimulator system for vision research,‖ Journal of 

neuroscience methods,vol. 211, no. 2, pp. 227–236, 2012. 

[15] J. Bukhari, M. Rehman, S. I. Malik, A. M. Kamboh, and A. Salman,―American sign language 

translation through sensory glove; signspeak,‖International Journal of u-and e-Service, Science 

and Technology, vol. 8,no. 1, pp. 131–142, 2015. 

[16] G. Ramesh, K. Sivaraman, V. Subramani, P. Y. Vignesh, and S. V. V.Bhogachari, ―Farm 

animal location tracking system using arduino andgps module,‖ in 2021 International 

Conference on Computer Commu-nication and Informatics (ICCCI), pp. 1–4, IEEE, 2021. 

[17] M. B. Chaniago, L. P. Sari, L. R. Hidayat, S. Wahyuni, and F. S.Fauzi, ―Design of monitoring 

train tracking using arduino and gps sensormodule,‖ PalArch‘s Journal of Archaeology of 

Egypt/Egyptology, vol. 17,no. 4, pp. 2811–2819, 2020. 

[18] Z. Alam, H. Samin, and O. B. Samin, ―Healthband for dementia patients:fall and scream 

detector and caretaker helper,‖ in Journal of Physics:Conference Series, vol. 976, p. 012015, 

IOP Publishing, 2018. 

[19] H. Sohail, S. Ullah, A. Khan, O. B. Samin, and M. Omar, ―Intelligenttrash bin (itb) with trash 

collection efficiency optimization using iotsensing,‖ in 2019 8th International Conference on 

Information and Communication Technologies (ICICT), pp. 48–53, IEEE, 2019. 

[20] M. Z. Saeed, R. R. Ahmed, O. B. Samin, and N. Ali, ―Iot basedsmart security system using pir 

and microwave sensors,‖ in 2019 13
th

 International Conference on Mathematics, Actuarial 

Science, Computer Science and Statistics (MACS), pp. 1–5, IEEE, 2019. 



Mathematical Statistician and Engineering Applications 

ISSN: 2094-0343 

2326-9865 

 

 

9223 

  
Vol. 71 No. 4 (2022) 

http://philstat.org.ph 

 

 

 

[21] F. Yassin, N. Sani, and S. Chin, ―Analysis of heart rate and bodytemperature from the wireless 

monitoring system using arduino,‖ inJournal of Physics: Conference Series, vol. 1358, p. 

012041, IOPPublishing, 2019. 

[22] AlexandrousPlantelopoulous and Nikolaos.G.Bourbakis, ―A Survey on Wearable sensor based 

system for health monitoring and prognosis,‖ IEEE Transaction on system, Man and 

Cybernetics, Vol.40, No.1, January 2010. 

[23] B.Chougula, ―Smart girls security system,‖ International Journal of Application or Innovation 

in Engineering & Management, Volume 3, Issue 4, April 2014. 

[24] Vamil B. Sangoi, ―Smart security solutions,‖ International Journal of Current Engineering and 

Technology, Vol.4, No.5, Oct-2014. 

 [25] G C Harikiran, Karthik Menasinkai, SuhasShirol Smart Security Solution for Women based 

on Internet of Things (IOT) International Conference on Electrical, Electronics, and 

Optimization Techniques (ICEEOT) – 2016. 

[26] P Ramprakash, M Sakthivadivel, N Krishnaraj, J Ramprasath. ‖Host-based Intrusion Detection 

System using Sequence of System Calls‖ International Journal of Engineering and 

Management Research, Vandana Publications, Volume 4, Issue 2, 241-247, 2014 

[27] N Krishnaraj, S Smys.‖A multihoming ACO-MDV routing for maximum power efficiency in 

an IoT environment‖ Wireless Personal Communications 109 (1), 243-256, 2019. 

[28] N Krishnaraj, R Bhuvanesh Kumar, D Rajeshwar, T Sanjay Kumar, Implementation of energy 

aware modified distance vector routing protocol for energy efficiency in wireless sensor 

networks, 2020 International Conference on Inventive Computation Technologies 

(ICICT),201-204 

[29] Ibrahim, S. Jafar Ali, and M. Thangamani. "Enhanced singular value decomposition for 

prediction of drugs and diseases with hepatocellular carcinoma based on multi-source bat 

algorithm based random walk." Measurement 141 (2019): 176-183. 

 https://doi.org/10.1016/j.measurement.2019.02.056 

[30] Ibrahim, Jafar Ali S., S. Rajasekar, Varsha, M. Karunakaran, K. Kasirajan, Kalyan NS 

Chakravarthy, V. Kumar, and K. J. Kaur. "Recent advances in performance and effect of Zr 

doping with ZnO thin film sensor in ammonia vapour sensing." GLOBAL NEST 

JOURNAL 23, no. 4 (2021): 526-531. https://doi.org/10.30955/gnj.004020 , 

https://journal.gnest.org/publication/gnest_04020 

[31] N.S. Kalyan Chakravarthy, B. Karthikeyan, K. Alhaf Malik, D.Bujji Babbu,. K. Nithya S.Jafar 

Ali Ibrahim , Survey of Cooperative Routing Algorithms in Wireless Sensor Networks, Journal 

https://doi.org/10.1016/j.measurement.2019.02.056
https://doi.org/10.30955/gnj.004020
https://journal.gnest.org/publication/gnest_04020


Mathematical Statistician and Engineering Applications 

ISSN: 2094-0343 

2326-9865 

 

 

9224 

  
Vol. 71 No. 4 (2022) 

http://philstat.org.ph 

 

 

 

of Annals of the Romanian Society for Cell Biology ,5316-5320, 2021 

[32] Rajmohan, G, Chinnappan, CV, John William, AD, Chandrakrishan Balakrishnan, S, Anand 

Muthu, B, Manogaran, G. Revamping land coverage analysis using aerial satellite image 

mapping. Trans Emerging Tel Tech. 2021; 32:e3927. https://doi.org/10.1002/ett.3927 

[33] Vignesh, C.C., Sivaparthipan, C.B., Daniel, J.A. et al. Adjacent Node based Energetic 

Association Factor Routing Protocol in Wireless Sensor Networks. Wireless Pers 

Commun 119, 3255–3270 (2021). https://doi.org/10.1007/s11277-021-08397-0. 

[34] C Chandru Vignesh, S Karthik, Predicting the position of adjacent nodes with QoS in mobile 

ad hoc networks, Journal of Multimedia Tools and Applications, Springer US,Vol 79, 8445-

8457,2020 

 

 

https://doi.org/10.1002/ett.3927
https://doi.org/10.1007/s11277-021-08397-0

