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Abstract

:

Generally, comprehensive documents are needed to provide the research community with relevant details of any research direction. This study conducted the first descriptive bibliometric analysis to examine the most influential journals, institutions, and countries in the field of artificial intelligence in textiles. Furthermore, bibliometric mapping analysis was also used to examine diverse research topics of artificial intelligence in textiles. VOSviewer was used to process 996 articles retrieved from Web of Science—Core Collection from 2007 to 2020. The results show that China and the United States have the largest number of publications, while Donghua University and Jiangnan University have the highest output. These three themes have also appeared in textile artificial intelligence publications and played a significant role in the textile structure, textile inspection, and textile clothing production. The authors believe that this research will unfold new research domains for researchers in computer science, electronics, material science, imaging science, and optics and will benefit academic and industrial circles.
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1. Introduction


Artificial intelligence has changed people’s lives, facilitating the performance of repeated tasks with maximized accuracy. Like in everyday life, artificial intelligence also finds its application in the field of textiles. Textile materials are characterized by flexibility, fitness, and fineness, and generally, they find their application in apparel or upholstery and, to some extent, reinforcements of textile composites [1,2]. Textiles are the second basic need of people after food, which makes their study worthwhile, as humankind’s daily life is connected to them [3]. The use of textile material dates to the stone age; it is used for shelter and has been a source of identity, showing one’s social status, gender, or culture [4]. Due to the rapid development in computer science in the last decades, there has also been much advancement in manufacturing, testing, and analyzing textiles [5]. Artificial intelligence finds its application from fiber development to fiber assembly in slivers, yarns, fabrics, or garments [6].



There are two ways to summarize research publications, i.e., review papers and bibliometric research analysis [7]. The bibliometric analysis may be used as a predictive measurement tool for experimental study and choosing the research direction for new coming researchers. The statistics derived from the bibliometric analysis quantify the contribution of scientific articles to a particular subject. They reflect current scientific developments and may be used to identify potential developments; thus, the next science pattern may be forecast by bibliometric analysis. Less often, the bibliometric analysis has been published in the field of textiles and garments. Tian and Jun have recently published a bibliometric analysis on protective clothing research [8]; Yan and Xu analyzed the textile patentometrics [9]; Feng and coworkers studied textile and clothing footprint [10]; however, their research tool was CiteSpace. One more interesting bibliometric analysis published in textiles is related to textile schools [11]. In previous literature, diverse disciplines have used VOSviewer to conduct bibliometric analysis, sustainable supply-chain management [12], sustainable design for users [13], international entrepreneurship [14], plant-based dyes [15], health promotion using Twitter [16,17], industrial marketing management [18], applied mathematical modeling [19], circular economy [20], exchange rate and volatility [21], and so on. Thus, there are very few studies related to textiles, and according to our best knowledge, none of the authors have studied artificial intelligence in Textiles using the VOSviewer software tool. This study was aimed to explore the following key questions.



	
What is the annual growth of publications in the field of artificial intelligence in textiles? What are their citation trends and usage counts in the database of Web of Science?



	
How are the publications related to artificial intelligence in textiles distributed? What are the most influential countries, journals, and institutes?



	
Which research group, country, and organization are most productive based on citations and bibliographies?



	
What are the emerging topics related to artificial intelligence in textiles?



	
How is the existing publication spread? What keywords are related to each other?






Through this bibliometric analysis research, this paper profoundly analyses the topic, i.e., artificial intelligence in textiles and its publication and citation worldwide, usage count and citation time analysis, the choice of authors, cooperation relationship between subjects, co-occurrence analysis of the words used in the abstracts, and cluster analysis of the manuscripts in this field. We believe that this research would help new researchers wisely select the research domain and provide a basic understanding of artificial intelligence’s current status in textiles.




2. Data Collection and Research Methodology


2.1. Data Source


Web of Science is considered the most reliable scientific and technical literature indexing platform capable of introducing the most important scientific and technological research fields. The data were retrieved on 31 January 2021, from Science Citation Index (SCI) Core collections, using search query in Appendix A. A total of 996 research papers related to textile image processing were published between 2000 and 2020. The citation counts for top-cited manuscripts were exported based on the SCI citation search method since it guarantees that the citing literature has gone through the scientific evaluation process before publication. The manuscripts with 100 citations were considered as top-cited manuscripts in this research. The journals’ impact factor is in accordance with the Journal Citation Reports published in 2019 since it is the most recent available data.




2.2. Bibliometric Methods


Here, we used VOSviewer to develop the mapping of the dataset. Since VOSviewer is a free software tool for constructing and visualizing bibliometric networks, these networks can include journals, researchers, or personal publications, which can be constructed based on citation, bibliographic coupling, co-citation, or co-author relationships. VOSviewer also provides a text mining function, which can be used to construct and visualize the co-occurrence network of essential terms extracted from a large number of scientific pieces of literature.




2.3. Inclusion and Exclusion Criteria


We started as a query string for topics related to artificial intelligence (i.e., image processing, image recognition, pattern recognition, machine learning, deep neural network, object recognition, and computer vision) and textiles (yarn, weave, knitted fabrics, hosiery, woven fabrics, drape, drapability, garments, and nonwovens) at the WoS Core Collection database. A total of 1145 results appeared in the timespan of 2007 to 2020. The publications comprised 11 languages: English (1127), Chinese (4), Spanish (3), Turkish (3), German (2), Japanese (1), Russian (1), Portuguese (1), Slovenian (1), and Croatian (1). As there was a significant difference among languages, we refined data to manuscripts written in English only. The remaining 1129 manuscripts comprised articles (724), early access (26), proceedings papers (398), reviews (21), data papers (2), editorial materials (3), and a correction (1), and thus, data paper, correction, and editorial material were excluded. Finally, 1123 papers were manually checked for their relevance to the topic. It was found that there were some overlapping terms, and thus, these articles were manually excluded from the dataset. For example, drape [22], weave [23], weaves [24], weaving [25,26], woven [27,28], weave ethics [29], weave the advantages [30], systems weave computing and communication [31], piece of music by weaving [32], “Weaving, Swerving, Sideslipping” [33], weaving sensible plots [34], WEAVE and 4MOST spectrographs [35], drape full-motion video, traffic-weaving [36], yarn [37,38,39], Hadoop yarn [40], yarn cluster [41], social fabric [42], and pressure-sensitive textiles [43]. It should be noted that the contextual meaning of these terms was not the same as the research domain of this manuscript. Thus, in total, 996 manuscripts were refined, and their distribution concerning the Web of Science Index was as follows: Science Citation Index Expanded (637), Social Sciences Citation Index (28), Conference Proceedings Citation Index-Social Sciences and Humanities (13), Conference Proceedings Citation Index-Science (339), Emerging Sources Citation Index (26), and Arts and Humanities Citation Index (5). The dataset of a final chosen manuscript might be requested from the corresponding author of this manuscript; its summary according to document type is presented in Table 1.




2.4. Data Analysis


The final dataset was exported from WoS and was analyzed in detail. This bibliometric research analyzed in-depth articles, topics, partnerships, times cited, co-words, and cluster analysis of papers. The VOSviewer was used to examine the co-occurrence mapping.





3. Results and Discussion


3.1. Global Publications and Citation Output


The publication output has been summarized in Figure 1a. It can be seen that the global publication of manuscripts in the field of artificial intelligence has risen. This rise in the number of publications has been divided into three time periods, i.e., 2007 to 2011 (old papers), 2012 to 2015 (recent papers), and 2016 to 2020 (current papers). It was observed that from 2007 to 2011, there was a sudden rise in publications, which became stable from 2012 to 2015, and then, currently, from 2016 to 2020, it has been increased dramatically. However, there was a continuous exponential increase in the number of citations, from 1 citation in 2007 to 1815 citations in 2020, as shown in Figure 1b (only citations from WoS Core collections were considered here). This research domain has shown to be promising, with an h-index of 36 and 7.37 citations per item. The total sum of citations is 7239 up to December 2020.



The usage count of scientific papers is directly related to the preference of readers. In general, readers from the scientific community prefer reading the latest article. However, highly cited manuscripts are often being used for a long time after their publication. This is what can be observed in Figure 2. The old manuscripts (2007–2011) possessed a higher number of citations, whereas they recently possessed a lesser usage count.



On the other hand, the current papers (2016–2020) have a higher usage count but lesser citations. The recent papers (2012–2015) had a higher number of citations and a higher usage count; they are at the maturity stage. This analysis agreed with the recent analysis related to the usage count versus citation from the Web of Science [44]. Herewith, citations of more than 100 in the Web of Science of all databases, highly cited manuscripts, are summarized in Table 2. We have listed the details, time cited, and usage count here.




3.2. Distribution of Publications


In total, 61 countries were contributing to the field of artificial intelligence in textiles. It would not be justifiable to compare publications by country; however, this is highlighted here to show the research domain’s distribution. According to their participation, the top countries are illustrated in Figure 3. The number of publications in these countries was as follows: China (321), USA (96), Iran (77), Turkey (68), India (67), France (57), Germany (54), Canada (36), Italy (31), Spain (31), and other (158). It was found that China has been the top participant in this research domain, followed by the USA.



In total, 944 organizations or institutes were found to be participating in this research domain. The most influential institutions are summarized in Table 3. Donghua University was considered the top publishing institute in this research domain, followed by Jiangnan University.



The most Influential Journals are summarized in Table 4. It can be seen that the Journal of the Textile Institute has remained the top choice for the authors for the given field to publish their work, which is followed by the textile research journal.




3.3. Subject Categories of Research Productivity


Based on the classification of subject categories in Web of Science, the publication output data of research related to artificial intelligence in textiles was distributed in 45 subject categories during the last fourteen years. Subject categories containing at least ten articles are shown in Figure 4. Three research fields were prominent for the given research direction, including material science, engineering, and computer science.



The co-occurrence map according to the Web of Science categories was plotted. The circle’s size describes the keyword’s potential; as shown in Figure 5, there are three clusters: Cluster 1 (Red) is mainly about the subjects related to computer science and artificial intelligence. The related subjects include cybernetic, hardware and architecture, imaging science and photographic technology, information system, information systems, software engineering, telecommunications, theory, and method. The second cluster (Green) is mainly about multidisciplinary fields covering physics, analytical and physical chemistry, nanoscience, and nanotechnology as a multidisciplinary science. The third cluster is related to material science, particularly textiles, polymer science, composite, and mechanics.



It should be noted that data mining and machine learning are also considered significant artificial intelligence fields; image processing uses both fields’ technology. Image processing’s research direction combines image processing and main methods and their application to intelligent detection, recognition, and classification. First, a unique technique is used to capture the required image data, and then, the image data are processed [52]. Finally, computer vision and related digital image tools are used for analysis [53].




3.4. Co-Occurrence of Keywords in the Abstracts


Here, we identified the keywords from the abstracts of all the manuscripts related to artificial intelligence and textiles from the final dataset. The circle’s size describes the keyword’s potential, as presented in Figure 6, while the line’s thickness was kept constant regardless of the link strength. The co-occurrence map based on the text data was plotted using the VOSViewer under the binary counting method with a ten-or-more threshold frequency. The network visualization graph under the association method with weight as the occurrence plotted the 18,883 terms; 403 met the threshold, and the 60% most relevant terms were plotted. It was found that there were three clusters (even with the cluster size = 1). Interestingly, each cluster presented a unique research theme in the field of textile engineering.



3.4.1. Cluster 1 (Red): Artificial Intelligence for Textile Structures


The textile structure might be understood as the fiber structure; see the main keywords, i.e., ratio, density, diameter, and morphology. It may also be for yarn structure; see the main keywords, i.e., yarn hairiness, yarn count, yarn hairiness, yarn diameter, yarn property, yarn image, and twist. Moreover, the fabric structure may be related to keywords of fabric surface, wrinkle, hole weft, warp, porosity fabric appearance, fabric sample, stiffness, weft direction, surface roughness, and weft yarn. The textile structure cluster also covers the nonwoven and composite mechanical, in which nonwoven is mainly linked to fiber. However, the composite is linked with property, failure, geometry, layer image processing technique, image processing method, image processing software, image processing algorithm, and digital image processing technique are standard terms used to process the data. However, in particular, yarn is linked with the technique of artificial neural networks, i.e., Kalman filtering [54] or yarn color [55]. Property, effect, factor, behavior, distribution, change, test, and influence are common keywords related to every subgroup in the cluster.




3.4.2. Cluster 2 (Green): Artificial Intelligence for Textile Inspection


The fabric defect detection in artificial intelligence in textiles has remained of particular interest for researchers [56,57]. This cluster mainly focuses on the defect, recognition, classification, and inspection in the textile industry that promise quality control. The keywords are primarily related to woven fabric and fabric defect, in which computer vision is used for fabric defect and fabric texture (weave pattern) detection using several approaches such as pattern recognition, design methodology approach, support vector machine, neural network, convolutional neural network, feature extraction, deep learning, image segmentation, and the genetic algorithm of image processing technology. Visual inspection is replaced with automatic detection by training the classifier for color and texture using fabric images [58]. Automation (machine vision) has been proposed for the segmentation of databases into class using the filter to better results without complexity as a novel method to overcome the traditional method.




3.4.3. Cluster 3 (Blue): Artificial Intelligence for Textile and Apparel Production


This cluster focuses on the latest garment technology, particularly sensors for the product and production, to overcome the challenge and tasks. The manuscripts in this cluster mainly discuss the concept of monitoring the environment or activity of patients or persons in real-time. Moreover, it proposes smart textiles for the robot to replace hardware in IoT at low cost as a prototype for the designer in the apparel, clothing, and fashion industry. This cluster discusses data mining, image acquisition, and machine learning algorithms to meet consumer demand for textile products in the future.






4. Conclusions


This study summarizes a vital research domain, artificial intelligence in textiles, in one glance. This study suggests that this research field has remained a good discipline over the last 14 years and shall remain of particular interest in coming years. Thematic analysis revealed that artificial intelligence in textiles is not limited to pattern recognition. The analysis covers all major fields of artificial intelligence, including data mining and machine learning. Some key findings of this research include that the most dominant country was China, with 321 total publications. The USA was the runner-up with 96 total publications. Donghua University and Jiangnan University have the highest number of publications. Kumar [45] from the Indian Institute of Technology, got 312 citations in WoS core collections, while Ngan et al. [46] University of Hong Kong got 138 citations in WoS core collections. Co-occurrence of keywords in the abstracts yielded three major themes, i.e., artificial intelligence for textile structures, textile inspection, textile, and apparel production.



It should be noted that despite the extensive analysis, this research has some limitations. For instance, this analysis is based on the data provided by WoS, which is, of course, one of the authentic and accurate sources of information; however, the trend might be different when adding some other search engines or databases as well as when including manuscripts other than core collections. This study did not cover reviewer’s information, such as which institution or reviewers reviewed the manuscripts in this given area. Therefore, the research in this field needs to be further deepened. Moreover, the in-between linkage choice of the journal, editor, and selected reviewer might also be recommended for future research.







Author Contributions


Conceptualization, H.H. and H.M.; methodology, H.H. and S.N.; software, H.H. and S.N.; validation, H.H.; formal analysis, H.H.; investigation, H.H.; resources, H.H.; data curation, H.H.; writing—original draft preparation, H.H.; writing—review and editing, H.M. and T.G.; visualization, H.H. and T.G.; supervision, T.G.; project administration, T.G. and H.M.; funding acquisition, H.M. All authors have read and agreed to the published version of the manuscript.




Funding


This work was supported by the National Natural Science Foundation of China (No. 61673007), Research Fund for International Scientists (RFIS-52150410416), National Natural Science Foundation of China, and the Research Startup grant of ZSTU (20202294-Y).




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Data Availability Statement


The corresponding author can provide the data on request.




Conflicts of Interest


The authors declare no potential conflict concerning this article’s research, authorship, and publication.





Appendix A


Search Query



(TS=(“Image Processing”) OR TS=(“image recognition”) OR TS=(“data mining”) OR TS=(“artificial intelligence”) OR TS=(“pattern recognition”) OR TS=(“machine learning”) OR TS=(“deep neural network”) OR TS=(“object recognition”) OR TS=(“computer vision”)) AND (TS=(Textiles) OR TS=(Yarn) OR TS=(Weave) OR TS=(“Knitted Fabrics”) OR TS=(“Hoisery”) OR TS=(“Woven Fabrics”) OR TS=(“nonwovens”) OR TS=(“nonwoven”) OR TS=(“non-wovens”) OR TS=(“non-woven”) OR TS=(Drape) OR TS=(Drapability) OR TS=(Garments)) NOT (TS=(“weave ethics”) OR TS=(“Hadoop yarn”) OR TS=(“social fabric”) OR TS=(“yarn cluster”) OR TS=(“Weaving, Swerving, Sideslipping”) OR TS=(“drape full-motion video”) OR TS=(“Elliot and Symmetric Elliot Extreme Learning Machines for Gaussian Noisy Industrial Thermal Modelling”) OR TS=(“Skynet Algorithm for Single-dish Radio Mapping. I. Contaminant-cleaning, Mapping, and Photometering Small-scale Structures”) OR TS=(“What an Entangled Web We Weave: An Information-centric Approach to Time-evolving Socio-technical Systems”) OR TS=(“MSCS: MeshStereo with Cross-Scale Cost Filtering for fast stereo matching”) OR TS=(“NPIY: A novel partitioner for improving mapreduce performance”) OR TS=(“Strategic Environmental Assessment (SEA) Process for Green Materials and Environmental Engineering Systems towards Sustainable Development-Business Excellence Achievements”) OR TS=(“A Containerized Simulation Platform for Robot Learning Peg-in-Hole Task”) OR TS=(“Image Processing Strategies and Multiple Paths Toward Solutions”) OR TS=(“Dynamic Model Evaluation to Accelerate Distributed Machine Learning”) OR TS=(“A Unified Coded Deep Neural Network Training Strategy based on Generalized PolyDot codes”) OR TS=(“Chat Sonification Starting from the Polyphonic Model of Natural Language Discourse”) OR TS=(“BioHIPI: Biomedical Hadoop Image Processing Interface”) OR TS=(“Metal contamination of bed sediments in the Irwell and Upper Mersey catchments, northwest England: exploring the legacy of industry and urban growth”) OR TS=(“Multi-scale structural analysis of gas diffusion layers”) OR TS=(“Characterization of 2D Hybrid Cellular Automata with Periodic Boundary”) OR TS=(“Granularity based Image processing Eco system in Hadoop to Predict the detailed results for different Medical Images”) OR TS=(“Research on Data Mining Service and Its Application Case in Complex Industrial Process”) OR TS=(“Detecting corporate tax evasion using a hybrid intelligent system: A case study of Iran”) OR TS=(“A Predictive Integrated Genetic-Based Model for Supplier Evaluation and Selection”) OR TS=(“MORE—a multimodal observation and analysis system for social interaction research”) OR TS=(“Spatio-temporal Route Mining and Visualization for Busy Waterways”) OR TS=(“Wove Paper Analysis through Texture Similarities”) OR TS=(“Research on the Internet Financial Mode Innovation under the Big Data and Multi-Agent Background”) OR TS=(“CPU Frequency Tuning to Improve Energy Efficiency of MapReduce Systems”) OR TS=(“The Case of the Strangerationist: Re-interpreting Critical Technical Practice”) OR TS=(“Large-scale automated proactive road safety analysis using video data”) OR TS=(“Structural analysis of theridiid spider’s testicular cyst using 3D reconstruction rendering”) OR TS=(“Scalable Data Analytics Using R: Single Machines to Hadoop Spark Clusters”) OR TS=(“A revised and dated phylogeny of cobweb spiders (Araneae, Araneoidea, Theridiidae): A predatory Cretaceous lineage diversifying in the era of the ants”) OR TS=(“Improving False Alarm Rate in Intrusion Detection Systems Using Hadoop”) OR TS=(“Placement Chance Prediction: Clustering and Classification Approach”) OR TS=(“Development of Monitor System for Dry Eye Symptom”) OR TS=(“Apache YARN”) OR TS=(“Resource Elasticity for Large-Scale Machine Learning”) OR TS=(“The Knowledge Web Meets Big Scholars”) OR TS=(“Self-Replicating Patterns in 2D Linear Cellular Automata”) OR TS=(“Particle flow modeling of dry induced roll magnetic separator”) OR TS=(“Rural landscape planning through spatial modelling and image processing of historical maps”) OR TS=(“Spider’s behavior for ant based clustering algorithm”) OR TS=(“Acquisition of welding skills in industrial robots”) OR TS=(“Freeway weaving phenomena observed during congested traffic”) OR TS=(“Image processing-based method for glass tiles colour matching”) OR TS=(“Association between post-game recovery protocols, physical and perceived recovery, and performance in elite Australian Football League players”) OR TS=(“Deep Spatial Pyramid Ensemble for Cultural Event Recognition”) OR TS=(“Embedding Topical Elements of Parallel Programming, Computer Graphics, and Artificial Intelligence across the Undergraduate CS Required Courses”) OR TS=(“The Study on Large Scale Image Processing Architecture Based on Hadoop2.0 Clusters”) OR TS=(“Dynamic Reconfigurable Architectures-A Boon for Desires of Real Time Systems”) OR TS=(“A Generic Platform to Automate Legal Knowledge Work Process using Machine Learning”) OR TS=(“Morphological Investigation and Fractal Properties of Realgar Nanoparticles”) OR TS=(“Line drawing enhancement of historical architectural plan using difference-of-Gaussians filter”) OR TS=(“An Earth Imaging Camera Simulation Using Wide-Scale Construction of Reflectance Surfaces”) OR TS=(“Mood recognition in bipolar patients through the PSYCHE platform: Preliminary evaluations and perspectives”) OR TS=(“A Comparative Study of Different Segmentation Techniques for Detection of Flaws in NDE Weld Images”) OR TS=(“Scale-Out Beyond Map-Reduce”) OR TS=(“Source Apportionment of Water Pollution in the Jinjiang River (China) Using Factor Analysis With Nonnegative Constraints and Support Vector Machines”) OR TS=(“A squeaky wheel optimisation methodology for two-dimensional strip packing”) OR TS=(“Adaptive Image Processing Technique for Quality Control in Ceramic Tile Production”) OR TS=(“Classification of Email using BeaKS: Behavior and Keyword Stemming”) OR TS=(“Intelligent Decision Support Tools for Multicriteria Product Design”) OR TS=(“Electric contacts inspection using machine vision”) OR TS=(“Application of LIDAR to resolving bedrock structure in areas of poor exposure: An example from the STEEP study area, southern Alaska”) OR TS=(“A New ANFIS for Parameter Prediction With Numeric and Categorical Inputs”) OR TS=(“Identifying performance bottlenecks in work-stealing computations”) OR TS=(“Neural Network to Develop Sizing Systems for Production and Logistics via Technology Innovation in Taiwan”) OR TS=(“Topographic independent component analysis based on fractal theory and morphology applied to texture segmentation”) OR TS=(“of Form-Active Structures”) OR TS=(“A Methodology of Export Sectors Identification through Data Mining”) OR TS=(“Visualization of the spatial and spectral signals of orb-weaving spiders, Nephila pilipes, through the eyes of a honeybee”) OR TS=(“A generic pigment model for digital painting”) OR TS=(“Study and application of corner detecting and locating on color aberration analysis of tiles—art. no. 66231B”) OR TS=(“Laser cleaning of 19th century papers and manuscripts assisted by digital image processing”) OR TS=(“Investigation of the cutting conditions in milling operations using image texture features”) OR TS=(“Quality Evaluation of Defects with Indefinite or Unlimited Borders”) OR TS=(“EVAPORATE MAPPING IN BALA REGION (ANKARA) BY REMOTE SENSING TECHNIQUES”) OR TS=(“Automatic Inspection of Textured Surfaces by Support Vector Machines”) OR TS=(“PatchMatch Filter: Edge-Aware Filtering Meets Randomized Search for Visual Correspondence”) OR TS=(“The NOD3 software package: A graphical user interface-supported reduction package for single-dish radio continuum and polarisation observations”) OR TS=(“The physics of a popsicle stick bomb”) OR TS=(“Apache REEF: Retainable Evaluator Execution Framework”) OR TS=(“AdBench: A Complete Benchmark for Modern Data Pipelines”) OR TS=(“Imaging Spatially Varying Biomechanical Properties with Neural Networks”) OR TS=(“Words, words. They’re all we have to go on: Image finding without the pictures”) OR TS=(“traffic-weaving”) OR TS=(“Feature Maps: A Comprehensible Software Representation for Design Pattern Detection”) OR TS=(“Study of Distributed Framework Hadoop and Overview of Machine Learning using Apache Mahout”) OR TS=(“piece of music by weaving”) OR TS=(“systems weave computing and communication”) OR TS=(“WEAVE and 4MOST spectrographs”) OR PY=(2021) OR DO=(10.1109/TMECH.2020.3022983) OR DO=(10.1080/1369118X.2020.1834603) OR DO=(10.1177/0170840609357380) OR DO=(10.1177/1545968311425908) OR DO=(10.1109/CVPR.2013.242) OR DO=(10.1177/1468794120975988) OR DO=(10.1007/s00354-020-00115-x) OR DO=(10.3390/app10165585) OR DO=(10.1109/JPROC.2020.2986362) OR DO=(10.5334/ijc.1029) OR DO=(10.1101/cshperspect.a034595) OR DO=(10.1007/s11265-019-1438-3) OR DO=(10.1080/13658816.2019.1652304) OR DO=(10.1186/s40537-019-0240-1) OR DO=(10.14778/3352063.3352074) OR DO=(10.1177/0391398819860985) OR DO=(10.1007/s10586-018-2117-z) OR DO=(10.1109/TPDS.2018.2866993)).
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Figure 1. Annual publications and citation output: (a) number of publications and their cumulative from 2007 to 2020 and (b) number of citations and their cumulative from 2007 to 2020. 
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Figure 2. Usage count versus time cited for three different periods, i.e., 2007–2011 (old papers), 2012–2015 (recent papers), and 2016–2020 (current papers). 
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Figure 3. Most influential countries in terms of publications. 
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Figure 4. Subject categories according to Research areas in the Web of Science. 






Figure 4. Subject categories according to Research areas in the Web of Science.



[image: Materials 15 02910 g004]







[image: Materials 15 02910 g005 550] 





Figure 5. Co-occurrence map based on the Web of Science category. 
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Figure 6. Co-occurrence analysis of research themes from the abstracts of the dataset. 
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Table 1. Document types of final manuscripts.
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	Document Type
	Article
	Proceedings Paper
	Early Access
	Review





	Records
	649
	343
	24
	21



	Rate %
	65.161
	34.438
	2.41
	2.108
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Table 2. Highly cited research papers.






Table 2. Highly cited research papers.





	
No.

	
Title

	
Journal

	
Year

	
Time Cited

	
Usage Count

	
Reference




	
WoS Core

	
WoS

	
Since 2013






	
1

	
Computer-vision-based fabric defect detection: A survey

	
IEEE Trans. Ind. Electron.

	
2008

	
312

	
356

	
230

	
[45]




	
2

	
Automated fabric defect detection-A review

	
Image Vis. Comput.

	
2011

	
208

	
240

	
168

	
[46]




	
3

	
Stretchable Ti3C2Tx MXene/Carbon Nanotube Composite Based Strain Sensor with Ultrahigh Sensitivity and Tunable Sensing Range

	
ACS Nano

	
2018

	
175

	
177

	
934

	
[47]




	
4

	
Fiber/Fabric-Based Piezoelectric and Triboelectric Nanogenerators for Flexible/Stretchable and Wearable Electronics and Artificial Intelligence

	
Adv. Mater.

	
2020

	
118

	
119

	
864

	
[48]




	
5

	
Exploiting Data Topology in Visualization and Clustering Self-Organizing Maps

	
IEEE Trans. Ind. Electron.

	
2009

	
115

	
116

	
17

	
[49]




	
6

	
Autonomic healing of low-velocity impact damage in fiber-reinforced composites

	
Compos. Part-A Appl. Sci. Manuf.

	
2010

	
108

	
109

	
64

	
[50]




	
7

	
Majority Voting: Material Classification by Tactile Sensing Using Surface Texture

	
IEEE Trans. Robot.

	
2011

	
98

	
100

	
37

	
[51]
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Table 3. Top 15 institutes publishing in this research domain.
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	No.
	Name of University
	Number of Publications
	Rate (%)





	1
	Donghua University
	51
	5.115



	2
	Jiangnan University
	41
	4.112



	3
	Isfahan University Technology
	32
	3.21



	4
	Soochow University
	25
	2.508



	5
	Hong Kong Polytech University
	24
	2.407



	6
	Shanghai University Engineering and Science
	22
	2.207



	7
	Amirkabir University Technology
	21
	2.106



	8
	University Lille Nord France
	13
	1.304



	9
	ENSAIT
	12
	1.204



	10
	RWTH Aachen
	12
	1.204



	11
	University of Minho
	12
	1.204



	12
	Indian Institute of Technology
	11
	1.103



	13
	Technical University of Liberec
	11
	1.103



	14
	Tiangong University
	11
	1.103



	15
	Xian Polytech University
	11
	1.103



	16
	Other
	687
	69.007
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Table 4. The top 8 journals publishing in this research domain.
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	No.
	Name of Journal
	Number of Publications
	Impact Factor
	Rate (%)





	1
	Journal of the Textile Institute
	73
	1.239
	7.322



	2
	Textile Research Journal
	59
	1.66
	5.918



	3
	Fibres Textiles in Eastern Europe
	29
	0.76
	2.909



	4
	Fibers and Polymers
	23
	1.59
	2.307



	5
	Advanced Materials Research
	21
	--
	2.106



	6
	Proceedings of SPIE
	20
	0.56
	2.006



	7
	International Journal of Clothing Science and Technology
	19
	0.92
	1.906



	8
	Indian Journal of Fibre Textile Research
	18
	0.6
	1.805
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