
 
 

© JournalsPub 2025. All Rights Reserved 8  
 

ISSN: 2582-5046 

Volume 11, Issue 1, 2025 

January—June 

DOI (Journal): 10.37628/IJMMP 

 

International Journal of  

Manufacturing and Materials  
Processing 

 
https://journalspub.com/journal/IJMMP/ 

Review  IJMMP 
 

A Literature Review on Comparative Analysis of Non-
Contact AI Vision-Controlled Diameter Measurement vs. 
Conventional Methods in Flux Core Wire Drawing 
Measurement 
 

Mahesh R. Bele1,*, Ajinkya P. Edlabadkar2, P.D. Kamble2 
 

Abstract 

Ensuring precise diameter control in flux core wire drawing is crucial for maintaining welding wire 

quality and performance. Conventional measurement methods, which often rely on manual inspection 

or mechanical techniques, face limitations in accuracy, consistency, and responsiveness. This study 

explores the application of AI vision-controlled systems to address these challenges by enabling real-

time, high-precision, non-contact diameter measurement. Through an extensive review of research 

papers and patents, this paper examines the advancements in AI-based monitoring techniques and their 

integration into industrial wire drawing processes. The AI-driven approach employs laser collimated 

transmission and CCD sensor technology to capture and analyze wire dimensions with micro-level 

precision. Unlike traditional methods, this system offers continuous measurement, adaptive corrections, 

and seamless integration into automated production lines, leading to enhanced process stability and 

reduced defect rates. The research highlights the advantages of AI-enhanced non-contact measurement, 

including increased efficiency, reduced material wastage, and improved compliance with stringent 

quality standards. Additionally, advanced predictive algorithms enable proactive parameter 

adjustments, optimizing production workflows and minimizing downtime. Experimental trials validate 

the effectiveness of this system, demonstrating significant improvements in accuracy and consistency. 

By leveraging AI vision technology, manufacturers can achieve superior quality control, minimize 

human error, and enhance the sustainability of flux core wire production. This study underscores the 

transformative potential of AI-driven measurement solutions in modern manufacturing, paving the way 

for intelligent automation and process optimization in the welding industry. 
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INTRODUCTION 

Flux core wire drawing is a fundamental process 
in welding wire production, where precise control 

over wire diameter [1, 2] directly influences 
welding performance and quality. Achieving 

dimensional accuracy in flux core wires is critical 
for ensuring optimal electrical conductivity [3], 

mechanical strength, and overall weld integrity. 
Various geometric parameters, such as diameter per 

unit length, eccentricity, outer diameter [4], and 
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insulation integrity [5] are key quality indicators in this process. Traditional measurement methods often 

struggle to maintain these characteristics within strict tolerances, leading to inconsistencies and 
increased rejection rates. To overcome these limitations, modern manufacturing relies on advanced, 

real-time monitoring solutions to enhance precision and efficiency [6–13]. 

 

Among the various measurement approaches, optical methods have gained prominence due to their 

high accuracy [14] and non-contact nature. These techniques ensure minimal interference with the 

production process while providing continuous diameter assessment. Optical measurement technologies 

can be categorized into diffraction-based [15–17], interferometric [18], scattering-based [19], and 

shadow projection methods [20, 21]. Diffraction and interferometry leverage wave interactions to 

measure wire diameters at a microscopic level, while scattering techniques analyze light dispersion. 

Shadow projection methods, which capture wire profiles using collimated light beams, offer a wide 

measuring range and are particularly suitable for industrial applications. 
 
This study focuses on an AI-integrated shadow technique for wire diameter measurement, harnessing 

real-time monitoring and adaptive control capabilities. By leveraging machine learning algorithms, this 
system dynamically adjusts process parameters, ensuring consistent wire geometry while minimizing 
material waste. AI-driven measurement solutions provide automated corrections, reducing human 
intervention and improving production efficiency. Furthermore, they mitigate environmental variations 
that often impact traditional measurement accuracy. 

 
The research presents a comparative review of conventional and AI-driven diameter measurement 

methodologies, examining the effectiveness of contact and non-contact techniques. It assesses vision-
based, wireless, and embedded sensor technologies, highlighting the advantages of AI-powered systems 
in maintaining strict tolerances, optimizing production workflows, and minimizing defects. Unlike 
traditional mechanical methods prone to variability, AI-controlled systems enable predictive 
adjustments, ensuring superior quality and operational consistency. 

 
As industries transition toward intelligent automation, the integration of AI vision technology into 

flux core wire drawing processes marks a significant advancement in welding wire manufacturing. This 
study aims to showcase the potential of AI-driven solutions in enhancing quality control, reducing 
errors, and fostering sustainable production practices. By implementing machine-assisted monitoring 
and real-time data analysis, manufacturers can achieve precision engineering, drive innovation, and set 
new standards in welding wire production. 
 
RESEARCH GAP 

Despite notable progress in wire diameter measurement techniques for flux core wire drawing, 
several crucial aspects remain unexplored in the application of AI vision-controlled optimization. The 
transition from theoretical research to full-scale industrial implementation presents several challenges 
that require further investigation. 

1. Industrial Application and Real-World Testing: Most studies on AI-driven wire diameter 
monitoring are confined to controlled laboratory conditions, with limited exploration of large-
scale production environments. The practical deployment of these systems in dynamic 
manufacturing settings remains under-researched, raising concerns about reliability, adaptability, 
and long-term stability. Further investigation is required to assess AI-based solutions in real-
world scenarios, addressing variables, such as environmental disturbances, system robustness, 
and production-line integration. 

2. Enhanced AI Algorithm Development: While existing AI-based measurement methods improve 
precision, current models lack adaptive learning capabilities that can dynamically adjust to 
varying manufacturing conditions. There is limited research on the development of more 
sophisticated machine learning frameworks, such as self-optimizing neural networks and real-
time anomaly detection, which could further enhance control accuracy and predictive 
maintenance. Future work should focus on refining AI algorithms to improve responsiveness and 
decision-making in unpredictable production scenarios. 
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3. Integration with Conventional Manufacturing Systems: A significant challenge in adopting AI 

vision-based monitoring is its compatibility with existing flux core wire drawing setups. 

Research on seamless interoperability with legacy machinery, data communication protocols, 

and integration with industrial automation systems is still in its infancy. A systematic study is 

needed to establish methodologies that ensure minimal operational disruptions and effective 

coordination between traditional and AI-enhanced monitoring systems. 

4. Economic Feasibility and Long-Term Sustainability: While AI-driven monitoring systems show 

potential in minimizing material waste and improving efficiency, their cost-effectiveness and 

financial implications remain inadequately explored. Research focusing on cost-benefit analysis, 

return on investment (ROI), and overall economic justification is necessary to encourage 

widespread industrial adoption. Further investigation is required to determine the break-even 

point for AI integration and evaluate its long-term sustainability compared to conventional 

measurement techniques. 

 

Addressing these research gaps will bridge the divide between theoretical advancements and 

industrial execution, enabling AI-driven optimization to revolutionize the flux core wire drawing 

process. By focusing on practical implementation, adaptive learning, seamless integration, and 

economic impact, future research can establish AI vision-controlled monitoring as a viable and 

transformative solution in welding wire manufacturing (Figures 1 and 2). 

 

 
Figure 1. Flux core wire drawing machine. 

 

 
Figure 2. Cross section of flux cored wire. 

 

LITERATURE REVIEW  

The evolution of flux core wire drawing has seen significant improvements, particularly with the 

adoption of non-contact measurement techniques for diameter optimization. Various methodologies 

have been explored to enhance precision, efficiency, and automation, underscoring the importance of 

real-time monitoring to address the shortcomings of traditional measurement approaches. 

 

Magnus Ericson (WO9721073A1, 1997) introduced an optical-based contactless measurement 

technique, employing illumination and image reception technology to achieve high-precision diameter 

measurement. Despite its accuracy, the system lacked AI integration for dynamic adjustments, limiting 

its adaptability in fluctuating production conditions [22]. 
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Keba Ges Mbh & Co. (GB2257512A, 1993) advanced optical scanning methods to measure elongate 

objects, contributing to automated quality control. However, this approach did not incorporate AI-
driven corrective actions for real-time optimization, limiting its potential for adaptive industrial 

applications [23]. 
 

Wei Li, Hongbo Wang, and Zhihua Fenga pioneered an ultra-high-resolution, non-contact 
measurement system utilizing an eddy current sensor (ECS). Their study demonstrated superior 

resolution capabilities (0.42 nm static, 2.2 µm dynamic) compared to other techniques. However, ECS-
based methods lack self-learning capabilities, which restricts their ability to dynamically adjust to 

production variables [24]. 

 
Sprecher Energie Osterreich Gmbh (US5212539A, 1993) introduced an apparatus leveraging optical 

sensors to determine object dimensions. Although this study contributed to advancements in precision 
measurement, it did not focus on AI-driven optimizations or real-time adaptive control [25]. 

 
Martínez-Anton, I. Serroukh, and E. Bernabeu investigated laser diffraction for wire diameter 

measurement, emphasizing its effectiveness in real-time applications. However, classical Fraunhofer 
diffraction models showed limitations when applied to three-dimensional objects, highlighting the need 

for refined mathematical approaches to improve adaptability in dynamic production settings [26]. 
 

MICROTEC S.r.l. (EP0626560A2, 1994) developed a high-speed measurement device for assessing 
transversal sections of moving longitudinal objects. While beneficial for rapid analysis, this method did 

not explore AI-based control mechanisms for process optimization, missing an opportunity for real-
time diameter regulation [27]. 

 
Beltronics Inc. (US4697088A, 1987) proposed a method using optical scanning techniques to detect 

sharp edge transitions based on reflective variations. While effective in scanning-based inspections, it 

lacked integration with production monitoring systems and AI-driven enhancements [28]. 
 

Evgeny Fedorov and Alexander Koba from Tomsk Polytechnic University developed a three-axis 
laser-based measuring system for precise diameter calculations. Their approach involved mathematical 

modeling for object radii and center positions but was primarily designed for static measurements rather 
than dynamic process control in industrial settings [29]. 

 
Sebastian Tamayo Vegas and Khalid Lafdi of Northumbria University conducted an extensive review 

of non-contact tools for structural health monitoring. Their study highlighted the increasing reliance on 
AI-powered vision systems, deep learning, and sensor fusion for enhanced defect detection. This 

supports the argument for integrating AI-driven solutions into industrial measurement applications to 
improve quality control and process automation [30]. 

 
Tzyy-Shuh Chang and Hsun-Hau Huang introduced a portable imaging-based measurement system 

with self-calibration, enabling precise measurement of hard-to-access objects. Although useful for 
various applications, it was not specifically designed for high-speed manufacturing environments. 

Similarly, Yuki Kimura, Akira Matsui, and Shingo Inazumi developed an imaging-based inspection 

system for analyzing external features, though it lacked real-time adaptive feedback for process control 
[31]. 

 

Despite these technological advancements, a critical research gap exists in the practical 

implementation of AI-driven vision-controlled diameter optimization in flux core wire drawing. While 

numerous studies focus on measurement accuracy, they often neglect real-time corrective capabilities 

essential for industrial automation. Integrating AI-driven vision systems with machine learning 

algorithms presents a transformative approach to enhancing precision, reducing human intervention 

errors, and ensuring continuous monitoring. Future research should focus on the development of 
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adaptive AI models capable of dynamically adjusting to variations in wire diameter, enabling fully 

automated quality control in flux core wire manufacturing. 

 

MATERIALS AND METHOD  

The developed system integrates high-resolution imaging technology with advanced AI-driven 

analysis to continuously track and control the wire drawing process. The AI model is trained using an 

extensive dataset that includes variations in wire diameter and corresponding process conditions. By 

processing this data in real-time, the system identifies any deviations from the predefined specifications 

and autonomously modifies drawing parameters to maintain consistency. 

 

To achieve precise and non-intrusive measurement, the system employs contactless sensing 

techniques that facilitate rapid data acquisition without interfering with production flow. This real-time 

approach enhances accuracy and responsiveness, significantly reducing defects and material wastage. 

 

Conventional wire diameter control in flux core wire drawing relies on manual inspection and 

mechanical dies, which involve periodic checks to ensure dimensional accuracy. However, data analysis 

over a one-month period has revealed considerable diameter fluctuations, demonstrating the limitations 

of these traditional techniques. Since these inconsistencies are often detected only after production is 

completed, manufacturers are unable to implement immediate corrective actions. This underscores the 

necessity for an AI-integrated, real-time monitoring system that ensures continuous precision, optimizes 

efficiency, and eliminates defects before they affect final product quality. 

 

  

 
Figure 3. For output display and data processor selection logic principle in TVGD5000 series. 

 

The TVGD5000 series represents a cutting-edge advancement in AI-driven, vision-controlled 

diameter measurement technology. This system incorporates a laser-collimated transmission 

mechanism in conjunction with a CCD line sensor to achieve precise, non-contact measurement. A 
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finely focused laser beam is projected across the CCD sensor’s detection range. When a wire or similar 

object intercepts the beam, it casts a shadow onto the sensor, which is captured at a high sampling rate 

of 1.2 kHz with an exposure time of approximately 2 microseconds. This rapid acquisition ensures high-

resolution imaging while mitigating errors caused by wire vibrations (Figure 3). 
 
The microprocessor embedded within the gauge processes the acquired data using a sophisticated 

algorithm capable of handling 1,200 measurements per second. These measurements are analyzed and 
synthesized to generate precise diameter reading, which is then digitally converted for real-time display. 
Furthermore, the system enables seamless data communication via an RS485 interface, allowing 
integration into automated production environments for comprehensive monitoring and analysis. 

 
By leveraging laser-collimated transmission and CCD sensor technology, the TVGD5000 series 

ensures high-speed and ultra-precise diameter measurements. This approach is essential for 
manufacturing processes requiring stringent quality control. Similar principles are employed in 
advanced CCD laser micrometers, such as the IG Series, which offer high-resolution differentiation 
                        ’                    . 

 
In practical application, the AI-powered TVGD5000 series has demonstrated its ability to maintain 

flux core wire diameters within the specified range of 2.80mm (+0, -0.05mm) (Figure 4). This precision 
control has led to improved product quality, minimized material wastage, and enhanced sustainability 
in welding wire manufacturing, contributing to efficient and reliable production workflows (Tables 1, 
2, and 3) showed the measurement data from AI monitoring measurement methodology. 

 
Table 1. Measurement data from traditional monitoring measurement methodology. 
Date Measurement Average Date Measurement Average 

01.10.2024 2.62,2.70,2.80,2.83 2.74 17.10.2024 2.80,2.84,2.80,2.79 2.81 

02.10.2024 2.65,2.85,2.9,2.75 2.79 18.10.2024 2.78,2.83,2.79,2.75 2.80 

03.10.2024 2.81,2.80,2.74,2.63 2.75 19.10.2024 2.73,2.69,2.79,2.82 2.79 

04.10.2024 2.88,2.90,2.74,2.68 2.80 20.10.2024 2.81,2.77,2.79,2.80 2.79 

05.10.2024 2.76,2.82,2.88,2.78 2.81 21.10.2024 2.79,2.82,2.83,2.74 2.80 

06.10.2024 2.78,2.9,2.75,2.82 2.81 22.10.2024 2.73,2.75,2.80,2.84 2.78 

07.10.2024 2.80,2.77,2.82,2.76 2.79 23.10.2024 2.82,2.74,2.75,2.79 2.78 

08.10.2024 2.73,2.78,2.81,2.85 2.79 24.10.2024 2.80,2.83,2.79,2.75 2.79 

09.10.2024 2.80,2.83,2.78,2.76 2.79 25.10.2024 2.78,2.81,2.79,2.83 2.80 

10.10.2024 2.73,2.77,2.82,2.83 2.79 26.10.2024 2.80,2.76,2.77,2.82 2.79 

11.10.2024 2.75,2.85,2.77,2.76 2.78 27.10.2024 2.79,2.82,2.77,2.80 2.79 

12.10.2024 2.80,2.74,2.76,2.83 2.78 28.10.2024 2.80,2.82,2.79,2.80 2.80 

13.10.2024 2..81,2.83,2.85,2.78 2.82 29.10.2024 2.74,2.75,2.76,2.83 2.77 

14.10.2024 2.77,2.76,2.80,2.78 2.78 30.10.2024 2.80,2.82,2.81,2.78 2.80 

15.10.2024 2.69,2.75,2.77,2.78 2.74 31.10.2024 2.77,2.76,2.80,2.82 2.79 

16.10.2024 2.85,2.80,2.81,2.82 2.82    

 
Table 2. Device model for TVGD5000. 
Device Model TVGD5000  

Measuring Range 0.2 mm~45 mm 

Measuring frequency 800/axis 

Accuracy 0.002 

Repeatability 0.5 microns 

Resolution 0.001 mm 

UOM mm/Inch 

Temperature –10 to 50*C 

Humidity <90% Relative 

Outputs RS485 as standard, RS232, Profinet, OPC, Anybus 
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Table 3. Measurement data from AI performance measurement methodology. 
Date Measurement Average Date Measurement Average 

01.11.2024 2.65,2.75,2.81,2.80 2.75 16.11.2024 2.80,2.74,2.75,2.79 2.78 

02.11.2024 2.67,2.80,2.80,2.74 2.78 17.11.2024 2.80,2.80,2.79,2.75 2.79 

03.11.2024 2.80,2.80,2.75,2.65 2.74 18.11.2024 2.78,2.80,2.79,2.75 2.80 

04.11.2024 2.80,2.80,2.75,2.67 2.80 19.11.2024 2.73,2.69,2.79,2.80 2.79 

05.11.2024 2.77,2.83,2.80,2.77 2.80 20.11.2024 2.81,2.77,2.79,2.80 2.79 

06.11.2024 2.74,2.80,2.70,2.80 2.80 21.11.2024 2.79,2.80,2.80,2.74 2.80 

07.11.2024 2.79,2.78,2.80,2.74 2.79 22.11.2024 2.74,2.89,2.70,2.80 2.80 

08.11.2024 2.74,2.79,2.80,2.80 2.79 23.11.2024 2.79,2.78,2.80,2.74 2.79 

09.11.2024 2.79,2.80,2.76,2.74 2.79 24.11.2024 2.74,2.79,2.80,2.80 2.79 

10.11.2024 2.70,2.78,2.80,2.80 2.79 25.11.2024 2.79,2.80,2.76,2.74 2.79 

11.11.2024 2.70,2.80,2.78,2.77 2.78 26.11.2024 2.80,2.76,2.77,2.80 2.79 

12.11.2024 2.80,2.75,2.76,2.80 2.78 27.11.2024 2.79,2.80,2.77,2.80 2.79 

13.11.2024 2.81,2.77,2.79,2.80 2.79 28.11.2024 2.80,2.80,2.79,2.80 2.80 

14.11.2024 2.79,2.80,2.80,2.74 2.80 29.11.2024 2.74,2.75,2.76,2.80 2.77 

15.11.2024 2.73,2.75,2.80,2.80 2.78 30.11.2024 2.80,2.80,2.80,2.78 2.80 

 

 
Figure 4. TVGD5000 series AI vision controlled diameter optimization. 
 

CONCLUSIONS 

This study underscores the transformative impact of AI vision-controlled diameter measurement in 
flux core wire drawing. By integrating real-time monitoring and adaptive control, the system effectively 
overcomes the challenges associated with traditional measurement methods, which often suffer from 
inconsistencies and reliance on manual intervention. The AI-driven approach ensures precise diameter 
regulation, significantly reducing material wastage while enhancing production efficiency. 

 
The results demonstrate that incorporating AI vision technology into manufacturing not only 

strengthens quality control but also minimizes defects and optimizes resource utilization. The 
automation of diameter measurement and correction enhances operational reliability and cost-
effectiveness, positioning AI-driven systems as a practical and scalable solution for modern wire 
production industries. 

 

These insights establish a strong foundation for the wider adoption of contactless measurement 

technologies in flux core welding wire manufacturing. Leveraging AI-powered precision measurement 

allows manufacturers to streamline production processes, improve quality control, and achieve near-

zero defects – paving the way for the next generation of industrial automation. 
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Future advancements will focus on refining AI algorithms to improve predictive capabilities and 

adaptability. Additionally, extending the system’s applicability to diverse wire materials and varying 

production conditions will further enhance its industrial relevance, ensuring continuous innovation in 

manufacturing automation and quality assurance. 

 

Declaration of Interest 

The author(s) declare that there is no conflict of interest regarding the publication of the manuscript  

The research was conducted independently, and no financial, commercial, or personal relationships 

have influenced the preparation or outcomes of this work. 

 

Acknowledgment 

The author(s) would like to express sincere gratitude to all individuals and organizations who 

contributed to the successful completion of this study. Special thanks are extended to Professor Ajinkya 

P Edlabadkar, for providing valuable resources and technical support during the research process. 

 

The author(s) also appreciate the guidance and encouragement received from mentors, colleagues, 

and industry experts, whose insights greatly enriched the quality of this work. 

 

Finally, heartfelt thanks to the teams involved in flux core wire manufacturing and quality assurance, 

whose practical experiences and feedback helped shape the focus of this research. 

 

REFERENCES 

1. Starikova NS, Redko VV, Vavilova GV. Control of cable insulation quality by changing of 

electrical capacitance per unit during high voltage testing. J Phys Conf Ser. 2016;671:012056. 

doi:10.1088/1742-6596/671/1/012056. 

2. Goldshtein AE, Vavilova GV, Belyankov VYu. An electro-capacitive measuring transducer for the 

process inspection of the cable capacitance per unit length in the process of production. Magn Electr 

Methods. 2015;51:86–93. doi:10.1134/S1061830915020047. 

3. Goldshtein AE, Fedorov EM. A mutually inductive measuring transducer of transverse 

displacements of a rectilinear conductor. Magn Methods. 2010;46:424–30. 

doi:10.1134/S1061830910060069. 

4. Fedorov EM, Bortnikov ID. Monitoring of the outer diameter of long items using the optical 

diffraction method. Optics. 2015;60:1689–92. doi:10.1134/S1063784215110110. 

5. Fedorov E, Koba A. Diameter calculation in contactless three-axis measuring devices. MATEC 

Web Conf. 2016;79:01082. doi:10.1051/matecconf/20167901082. 

6. Caetano E, Cunha Á. Dynamic testing of cable structures. MATEC Web Conf. 2015;24:01002. 

doi:10.1051/matecconf/20152401002. 

7. Petrova AY, Chaikovskaya ON, Plotnikova IV. Investigation of bactericide systems using a 

microfiber polypropylene carrier. Exp Instrum Tech. 2015;60:592–4. 

doi:10.1134/S1063784215040222. 

8. Vlasov VA, Lysenko EN, Surzhikov AP, Zhuravkov S. The oxidation kinetics study of ultrafine 

iron powders by thermogravimetric analysis. J Therm Anal Calorim. 2013;115(2). 

doi:10.1007/s10973-010-0912-. 

9. Galtseva OV, Bordunov SV, Natalinova NM, Mazikov SV. Improvement of the quality of water 

purification from hydrocarbons using the fibers from recycled thermoplastics. IOP Conf Ser Mater 

Sci Eng. 2016;132:012003. doi:10.1088/1757-899X/132/1/012003. 

10. P         M, U        U, G  ’       V, K        k   , B z      VV,        V .           

of the degree of compaction of a reagent powder mixture on solid-phase synthesis of lithium 

pentaferrite. Inorg Mater. 2007;50:187–92. doi:10.1007/s11182-007-0026-3. 

11. Natalinova N, Avdeeva D, Kazakov V, Baranov V, Galtseva O, Ivashkov D. Computer spatially 

oriented reconstruction of a 3D heart shape based on its tomographic imaging. MATEC Web Conf. 

2016;79:01005. 



 

International Journal of Manufacturing and Materials Processing 

Volume 11, Issue 1 

ISSN: 2582-5046 

 

© JournalsPub 2025. All Rights Reserved 16  
 

12. Payuk L, Voronina N, Korepanov S, Galtseva O, Natalinova N. Use of creeping speed mode in 

discrete control and measuring equipment with digital-program control. MATEC Web Conf. 

2016;79:01060. doi:10.1051/confmatec/20164805004. 

13. B     ’k    ,    z  k    P, Y          LV,         P .                                           
mine-field rock masses using the parameters of mechanoelectric transformations. Magn 

Electromagn Methods. 2012;48:221–5. doi:10.1134/S1061830912040043. 

14. Chursin YA, Fedorov EM. Methods of resolution enhancement of laser diameter measuring 

instruments. Opt Laser Technol. 2015;67:86–92. doi:10.1016/j.optlastec.2014.09.017. 

15. Diwan YC, Rao K. Optical measurement systems for industrial inspection IV. Proc SPIE. 

2005;5856:554–61. 

16. Khodier SA. Measurement of wire diameter by optical diffraction. Opt Laser Technol. 

2004;36(1):63–7. 

17. Hartung GH, Blancq RJ, Lally DA, Krock LP. Estimation of aerobic capacity from submaximal 

cycle ergometry in women. Med Sci Sports Exerc. 1995;27(3):452–7. 

18. Butler DJ, Forbes GW. Fiber-diameter measurement by occlusion of a Gaussian beam. Appl Opt. 

1998;37(13):2598–607. 

19. Zimmermann E, Dandliker R, Souli N, Krattiger B. Scattering of an off-axis Gaussian beam by a 

dielectric cylinder compared with a rigorous electromagnetic approach. J Opt Soc Am A. 

1995;12:398–403. 

20. Chaudhary KP, Sanjid MA, Moitra S. Modeling of laser scanning system to determine its associated 

uncertainty of measurement. MAPAN J Metrol Soc India. 2010;25:229–37. 

21. Kee CW, Ratnam MM. A simple approach to fine wire diameter measurement using a high-

resolution flatbed scanner. Opt Laser Technol. 2009;40:940–7. 

22. Ericson M. Method and device for measuring a diameter. WO1997021073A1. 1997 Jun 12. 

23. Keba Ges Mbh & Co. Cable diameter measuring device. GB2257512A. 1993 Jan 13. 

24. Li W, Wang H, Feng Z. Ultrahigh-resolution and non-contact diameter measurement of metallic 

wire using eddy current sensor. Rev Sci Instrum. 2014;85(8):085001. doi:10.1063/1.4891699. 

25. Sprecher Energie Osterreich Gmbh. Apparatus for measuring cable diameters. US5212539A. 1993 

May 18. 

26. Martinez-Anton JC, Serroukh I, Bernabeu E. Wire diameter determination by interferometry and 

diffraction. Proc SPIE. 1999;3745. doi:10.1117/12.357787. 

27. Microtec S.r.l. Measuring device for wire or filament. EP0626560A2. 1994 Nov 30. 

28. Beltronics Inc. Apparatus for measuring diameter of a wire. US4697088A. 1987 Sep 29. 

29. Fedorov E, Koba A. Diameter calculation in contactless three-axis measuring devices. MATEC 

Web Conf. 2016;79:01082. doi:10.1051/matecconf/20167901082. 

30. Tamayo Vegas S, Lafdi K. A literature review of non-contact tools and methods in structural health 

monitoring. Eng Technol Open Access J. 2021;4(1). doi:10.19080/ETOAJ.2021.04.555626. 

31. Chang T-S, Huang H-H. Laser scanning measuring apparatus. US8233157B2. 2012 Jul 31. 


