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Abstract 

The Virtual Instrument (VI) uses custom software and hardware to create a user-defined 

measurement system, called a Virtual Instrument. Virtual instruments are similar to 

traditional instruments, such as multimeters, oscilloscopes, spectrum analyzers, and data 

acquisition systems. It has great flexibility, high performance, flexibility and low cost. 

Primarily, it consists of a personal computer or workstation, and Vi software such as 

LabVIEW, NI DAQmx, and MATLAB. This modular hardware includes data acquisition 

boards, signal conditioners, actuators, and finally, running software, which is used to let 

the VI software communicate with the hardware, according to the smart algorithms in the 

virtual system Through integrating so, it can clarify how these algorithms contribute to 

real-time data acquisition, analysis, and control strategies. This paper explores the use of 

VI, in different industries and its fusion with intelligent systems and automation, aiming to 

show that virtual instrumentation integrated with intelligent systems emerged as a modern 

automation cornerstone, which revolutionized industries and these industries' 

manufacturing. In VI-based automation technologies, which also explore the integration of 

smart-virtual instrumentation in areas such as transportation and environmental control, 

the paper presents an emphasis on development and improvement opportunities. 
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1. INTRODUCTION 

 

The platform of virtual instrumentation with the smart system on board now is a "pillar" of 

the automation area which is a "cause of innovation" in many industries and domains. VI, 

coupled with the technologies of intelligent systems and automation forms a fresh basis that 

intersects considerably with the advanced algorithms of software and automated hardware 

components to improve several measurement, regulation, and analysis processes that are 

utilized across many disciplines. Technology-based virtual instrumentation comprised of 

elaborate software environments like LabVIEW, MATLAB, or Python strengthens the 
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functionality of devices with large data collection and subsequent analysis capabilities. To 

reduce the barrier of traditional programming languages and tools, graphical interfaces with 

intuitive programming have been developed to make data processing, prediction, and 

adaptation of control more intelligent. Along with the software, the software provides 

computers with autonomous functions and lets them cooperate with other equipment, such as 

sensors, actuators, and relevant data-acquiring devices. Exploiting the machine learning 

algorithms, virtual instrumentation systems (VIS) learn to do the necessary autonomous 

adaptation to the existing various changing environmental conditions, optimize the system 

performance parameters, and even predict the system failures before they happen. The 

coalescence of artificial intelligence accomplishments and automation hardware 

developments gives virtual instrumentation the capability to constantly learn, progress, and 

enhance performance successively. Not only is this, but virtual instrumentation systems 

facilitate human/machine interaction through a user-friendly interface that makes it intuitive 

for control and cooperation. Consisting of tailored graphic user interfaces (GUIs), users get 

the ability to track system performances, comprehensibly analyze data sets including complex 

ones, and interact with the automated processes in real-time, which in turn raises productivity 

as well as the quality of decision-making. In the second part of the review, the use of online 

instrumentation and artificial intelligence in automation systems is summarized. For example, 

cloud computing, edge computing, and big data analysis are described as enhancement 

measures. Emphasizing that, it examines the problems and thinking concerning the virtual 

instrumentation-based intelligence systems integration including issues related to security, 

reliability, and scalability. To sum up, it is evident that intelligent automation technologies 

together with virtual instrumentation are the key that will trigger every industry to reach 

higher levels of efficiency, productivity, and innovation. 

In so far as the use of virtual instrumentation is being made in industrial automation, robotics, 

smart infrastructure, and autonomous vehicles, intelligent systems are becoming capable of 

perceiving, interpreting, and reacting to their environment in a responsible behavior fashion. 

Bridging the gap between ai-powered algorithms and automated hardware, (virtual 

instrumentation) not only employs advanced technology to improve the performance, 

accuracy, and reliability of the systems but also lays the ground for the next-generation 

(intelligent systems) that can sense and learn when confronted with a changing environment. 

 

2. VIRTUAL INSTRUMENTATION SYSTEM IN INDUSTRIAL AUTOMATION 

 

2.1 Design of a VIS for a Machining Process 

 

Virtual-Instrumentation System (VIS) tailored for wire electrical discharge machining 

(WEDM) and addresses the limitations of existing hardware-based monitoring systems. An 

existing approach to WEDM process monitoring implies the use of a hardware setup 

specially designed for this work and with limited possibilities of tuning its functioning 

according to the changing machining conditions. Unlike the portrayed in the work case 

studies, the VIS presented in this article swaps the costly data-acquisition hardware for a 

commercial data- acquisition board and controllable virtual sensors that mathematically 

calculate key variables in real time. This versatile setup covers all important phases of the 

machining process and provides a complete overview of it. 

The methodology employed in the paper involves two main components: the data acquisition 

system and measurements of related magnitudes by partial immersion in a virtual world. The 

acquisition of data is achieved by capturing electric and current sections at a fast pace and the 
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provision of details during the analysis of the WEDM process. The virtual measurement 

module converts the above-mentioned signals to important parameters including energy, 

peak- to-valley ratio, and ignition delay using real-time cutting analysis therefore accelerating 

the monitoring and inspection of inferior processing modes in WEDM. The result analysis 

highlights the effectiveness of the VIS in detecting where cutting regimes are already 

degraded and sends important information to the users on a real-time basis. Through the 

incorporation of the applicable specific work parameters, a database of trigger time instances 

for degraded cutting regimes, and automatic reports summarizing the progressive response of 

the process to interventions, the VIS enhances the understanding and control of the welding 

electric discharge machining process. By providing the system with serials such as 

speeds of rotation, lengths of cut, and pulse duration, the system gets improved cutting 

quality and process optimization. 

It is highlighted in summary that the VIS benefits such as flexibility, configurability, and 

extensibility over the conventional hardware-based surveillance systems are emphasized in 

this paper. The VIS renders the measurement and analysis of critical waveforms that are 

critical in machining operations effortless for the users to attain a more encompassing 

perspective on the issues associated with cutting quality. By offering a multifaceted, adaptive 

solution for WEDM monitoring, VIS represents a breakthrough in processing improvement 

and machining automation. Furthermore, the VIS can be combined with the Internet of 

Things (IoT) networks and with automation technologies, which can improve its capability 

for predictive maintenance, adaptive control, and optimization strategies in WEDM 

processes. The integration will likely help to achieve higher productivity, lesser standstill 

levels, and improved functionality in industrial machining applications. 

 
2.2 VIS for Integrated Bearing Condition Monitoring. 

 

This embodies the concept of a systematic intellectual process in carrying out a virtual 

instrument system for monitoring bearing conditions. The discussion of the current system 

brings up the issue of insufficient adaptability that arises with hardware-based instruments as 

opposed to user-specific features. By introducing virtual instrumentation, the author [4] 

addresses the need for a more adaptable and customizable approach to data acquisition, 

processing, and display in real-time monitoring applications. The methodology applied in the 

paper is based on the LabVIEW graphical programming language in the creation of a virtual 

instrumentality system. The use of this programming language functions as a main contractor 

between system components and user interface, improving the data acquisition, signal 

processing, and presentation capabilities by introducing new features that could ease the 

programming and ensure fast programming or a real-time system. Besides, the author [4] also 

discusses the factor of data length selection optimization and provision of real-time data 

transfer to survive competition and ensure the smooth functioning of the system.  
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                              Fig 1: An integrated bearing health monitoring system[4] 

 

In Fig. 1 Every bearing is a path-independent signal source, as seen schematically. Wireless 

transmission of signals from the bearing-embedded sensor to a data receiver allows for local 

or remote control center display of the signals. Via the use of multiple stand-alone 

measurement instruments (such as oscilloscopes, spectrum analyzers, and data recorders), 

which are typically costly or might not be available in a practical application environment, 

multiple measurement functions are integrated into a PC-based control environment. The 

obtained result proves that the virtual instrumentation system used in this project is good 

enough to predict the condition of bearings online. It is a system that gives a toolbar for 

displaying all sorts of sensors which are bearing sensors, and taking a look at the bearing 

dynamics for real-time visualizations and failure origins. The user interface of the system has 

been made more user-friendly through the use of a graphical interface, which in turn ensures 

that the system is more usable and can be monitored remotely and allows networked 

applications as well. The conclusion points out that virtual instrumentation largely has the 

function of facilitating data presentation and analysis, evolution toward web page technology, 

and online monitoring. The authors point out an open modular structure, a key element for 

adding various functions of analysis and the next generation of sensors. The paper also 

discusses ongoing efforts to enhance defect signature extraction, alarm threshold setup, and 

prediction of bearing remaining life, showcasing the system's potential for continuous 

improvement and adaptation to evolving needs. 

In comparison with existing technology, the paper underscores the advantages of virtual 

instrumentation over traditional hardware-based instruments in terms of flexibility, user- 

defined functionalities, and real-time monitoring capabilities. Virtual instrumentation 

solutions stand for inexpensive, trendy, and cost-saving solutions by merging multiple 

measurements into a PC-based control environment. Furthermore, the system's compatibility 

with being connected to a networked environment would create a sharable environment and 

remote access, hence reducing the number of hardware duplications and improving the 

overall system performance. 

In the context of Virtual Instrumentation (VI) and Automation, this paper describes how 

integrating Virtual Instrument technology in Intelligent Monitor devices can automate the 

fault diagnosis process and fault-finding intelligent manufacturing. VI merged seamlessly 
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with automation technologies lays the foundations for an overall increase in the level of 

productivity, reliability, and flexibility among the monitors and control machines. 

 
2.3 Real-Time Intranet-Controlled VI For Multiple-Circuit Power Monitoring. 

 

The design of intranet-controlled virtual instrument multiple-circuit power monitoring which 

combines virtual instrumentation with an intranet-controlled system is proposed. The existing 

system discussed in the paper involves a virtual instrument (VI) based power metering 

manifold (PMM) that monitors multiple branch circuits on a common distribution panel. So, 

this system is enhanced by a client-server interactive network architecture, allowing for real- 

time access to power metering results by multiple users. The methodology employed focuses 

on integrating control, measurement, and communication within the power monitoring 

system while maintaining cost-effectiveness by eliminating the need for additional network 

construction and hardware investment. 

The paper [5] contains the results derived from the monitoring system and also the analysis 

shows that the power monitoring system Intranet-controlled has been successfully 

implemented. The multicast Web application empowers users to concurrently experience 

power metering results on time, and this can be used to facilitate different applications that 

are supported by the elevation of power monitoring processes as a whole. The study comes 

down to the conclusion that the controllable VI apparatus invented by Intranet is practical and 

possesses excellent prospects, which renders such equipment suitable for commercial use as 

well as the industrial field. Compared with the methodologies of nowadays, the solution of 

the paper is respected historically for its Intranet instrumentation in Virtual by which it 

produces a more efficient power monitoring at a cheaper cost. By leveraging the capabilities 

of the Internet and virtual instrumentation, the system offers enhanced accessibility, 

reliability, and scalability. The work of this paper [5] in the field of instrumentation and 

measurement is the ability to show how modern technology can be used to create intelligent 

systems for automation purposes to improve the training of monitoring and controls of 

different power systems that are commonly used. 

 
2.4 Matching and 3-D Reconstruction of Multi-bubbles Based on Virtual Stereo Vision. 

 

 

This describes an intricate approach to the effort of matching and generating of 3 -D motion 

parameters for Multi-bubbles in a gas-liquid two-phase flow process. The existing system is 

described, highlighting the importance of understanding the 3D characteristics of bubbles to 

study flow mechanisms. This paper [10] introduces a virtual stereo vision system, which 

offers advantages such as low cost, flexible structure, and rapid measurement. The calibration 

process is detailed, ensuring accurate reconstruction of 3D Multi-bubble trajectories. A 

multivariable constrained threshold matching algorithm, including a mutual bubble 

crossmatching, is the proposed methodology. Correlation based on 3-D polar coordinates 

along with a homonymy algorithm was developed to track bubbles which, further, allows the 

calculation of surface movement. This experiment has proved of the efficiency and accuracy 

of the stereo vision algorithm and the tracking procedure. 

The proposed 3D bubble trajectories [10] and velocity reconstruction methods are very 

effective in this particular study. In addition, the paper [10] describes what kind of 

applicability of the virtual stereo is suitable to the field of virtual instrumentation, intelligent 

systems, and automation. The point-to-point with the existing technique shows the supremacy 

of the virtual stereo vision system in terms of accuracy, flexibility, and low price. 
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Unlike other technologies, which are not perfect at Multi-bubble 3D trajectories and 

velocities reconstruction, the paper's [10] methodology presents outstanding movement and 

predictive ability to three-dimensional Multi-bubbles. These principles of online VI, 

intelligence systems, and automation are followed by employing advanced image technology 

for the extraction and analysis of complex 3D kinematic parameters. The comparison 

between the obtained results of the new proposed system versus those of a conventional one 

shows a superior accuracy of the proposed virtual stereo vision system, which has the 

potential to revolutionize research into the topic of multiphase flow measurement and 

analysis. 

 

3. PERFORMANCE OPTIMIZATION IN VIS 

 
3.1 Time Optimization of Soft Real-Time Virtual Instrument Design. 

 

This discusses the critical matter of virtual instrumentation as well as the process of 

optimizing real-time conditions for better instrument performance. The existing system 

discussed in the paper revolves around the design and implementation of virtual instruments, 

emphasizing the importance of accuracy and speed in complex devices. By exploring the 

limitations posed by data acquisition cards and software components, the author [3] lays the 

groundwork for investigating the real-time mode in virtual instruments as a promising 

alternative to traditional, albeit expensive, instruments. The methodology employed in the 

research involves a detailed analysis of time dependencies within virtual instruments, 

building upon previous investigations to gain insights into the capabilities of integrated 

software environments. The article discusses soft real-time mode which has more leeway 

compared to hard real-time system whose limitations are utmost priorities. 

The paper displays the impact of software optimization for working virtual instruments in 

those moments when the signal process occurs slower than data acquisitions. By identifying 

the disturbances in the virtual instrument's working mechanism and conducting the statistical 

analysis, the research gives some insights into the difficulties and ways how to overcome 

them in the process of real-time virtual instrument construction. The analysis has 

demonstrated that the control of time distortion is one of the major challenges that ought to be 

addressed to improve instrument performance. The authors’ approached LabVIEW 6.1 which 

was a part of the Microsoft Windows 2000 SR3 environment to see what happens with the 

signal when it is processed in a virtual instrument. Anthropomorphic beings such as the 

Scheme of multi-buffer measurement configuration and Dependence between DAQ and 

processing time will be well utilized in the paper to visualize the captured issues. 

 

 

                     Fig 2: Scheme of the multi-buffer measurement configuration.[3] 
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                      Fig 3: Dependencies between the DAQ and processing times.[3] 

 

In the analysis of the results, the malfunction of the software is primarily focused on issues 

that may occur inside the virtual instrument when the measurements follow slowly after the 

acquisition of data. By shaping the work regime of the instrument in a way that all noise is 

addressed and then conducting statistical analysis, the research indicates that real-time virtual 

instrument design poses significant limitations and opportunities. The data serve as proof of 

the fact that time disturbances are critically important to the operation’s performance index, 

which should be taken into account. 

This study highlights lots of complexities when it comes to instrument design virtually thus 

the need to leverage software optimization as a technique for improved signal processing 

procedures. Author [3] makes a recommendation for the field of research to explore other 

approaches like programs with multiple threads and low-level programming as an effort to 

improve the real-time performance of virtual musical instruments. The paper introduces the 

topic of time optimization and instrumentation design by considering the various challenges. 

This plays a foundation role for future technological advancements in the field of virtual 

instrumentation engineering. 

 
3.2 VIS On Laboratory Experiment of Partial Discharges. 

 

This is a great guide for a real-time laboratory conducted in parallel with Virtual 

Instrumentation and Information and Communication Technologies (VI-ICT) platforms for 

achieving Partial Discharges (PD) observation and measurement. Particularly the online 

monitoring of high-voltage equipment that allows timely identification of partial discharge 

so- called PDs is necessary for insulation faults detection. The existing system of online 

monitoring of high-voltage equipment is highlighted as a crucial tool for early detection of 

insulation failure caused by partial discharges (PDs). The limitations of establishing HV 

equipment facilities and the need for hands-on experimentation in PD research studies are 

addressed by introducing the VI-ICT facility, which aims to engage students, researchers, and 

industrial users in practical PD activities. 

The introduction covers the technique that has been applied in PD demonstration and 

quantification according to the experimental setup with the actor VI-ICT laboratory for 
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remote operations. Detection of onsite practical skills in a High Voltage Power Devices 

(HVPD) laboratory setting is considered in the comprehensive approach together with 

equipment handling, operation of HV transformers, and online PD detection techniques. The 

assessment system for this course is described, including the grading policy which evaluates 

each module based on the final exams, experiments in the laboratory, assignments, and the 

overall performance. 

Through the practical experience obtained in laboratory classes and the application of remote- 

handling-operating features, it thus links technical skills, motivation of students, and 

understanding of PD test setups. The final paragraph gives a detailed account of the effective 

application of the course in terms of arousing the student’s interest in novel methods and 

suggests possible modes of better imparting the basic concepts on PVD treatment of HV 

equipment. 

The Algorithm for the operation of the HVPD Laboratory, explaining the steps of remotely 

used HVPD laboratory, continuous monitoring of HV equipment, and data collection. this 

paper discusses the measurement techniques used online in PD and a PD lab where practical 

aspects are covered of how an HV transformer could be operated, diagnostic measures, and 

control operations using packages. 

 

                             
 

                        Fig 4: Algorithm for the operation of the HVPD Laboratory.[6] 
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Compared to current technology, this paper depicts how the VI-ICT facility provides a more 

convenient and wasteless place for IV experiments via the Internet. Virtual Instrumentation 

and Information and Communication Technologies integration build up a lab work 

environment that enables students to improve their abilities in HVPD and increases their 

motivation to acquire knowledge through examples based on practical aspects and interactive 

experiences. The paper further explores some aspects of Virtual Instrumentation-Intelligent 

Systems and Automation capable of amplifying PD inaccuracy measurement, making 

suggestions about the future technology's development in matters such as computer 

animation, simulation, online interaction, and feedback systems. 

 
3.3 VI Based on Stacked Neural Networks 

 

This presents a virtual instrument designed to estimate the octane number in gasoline 

produced by refineries. The existing system in industrial plants, particularly in refineries, 

requires extensive monitoring networks using high-cost online measurement devices. The 

paper addresses the need for suitable models to produce real-time estimates of unmeasured 

quantities based on available operational data. The authors discuss the challenges of 

modeling complex nonlinear processes and the use of neural networks, particularly Multi-

Layer Perceptrons (MLP), for this purpose. 

The present methodology involves the design of a virtual instrument based on stacked 

neural networks, aiming to replace measuring hardware during maintenance operations. The 

authors compare linear and nonlinear modeling techniques and propose stacking approaches 

to improve the estimation performance of the instrument. The paper describes three stacking 

methods and evaluates their performance using correlation coefficients and mean square 

error. The above analysis demonstrates that the developed virtual instrument exceeds in 

accuracy and can be used alternatively to both traditional data-embedded straight models 

and models based on the single neural network. These virtual instruments are very 

appropriate to be applied for real- time estimation in chemical processes, especially in 

refineries. The paper extends the adoption of virtual instrumentation, smart systems, and 

automation along with the virtual instrument implementation which equally increases 

computer literacy. Virtual instruments, as a low-cost solution, can replace the existing hard-

to-afford meters. Also, this technology may be used for model-based production/production 

control and enables control and monitoring of systems When discussing the obtained results 

with the existing one, it indicates a lack of traditional linear models and provides the current 

key improvement reached by the usage of non-linear models and stacking techniques. The 

author [8] put forward the significance of virtual instrumentation along with intelligent 

systems in industrial processes that can be harnessed for easy and good-quality monitoring 

and control eventually leading to more efficient and low- cost operations. 

Primarily, this work gives a valuable understanding of the applicability of virtual devices 

and stacked neural networks in industrial process monitoring, thus, demonstrating a great 

contribution toward improved product quality monitoring in plants and refineries. 
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4. TRAINING AND DATA ACQUISITION IN VLS 

 

4.1 VIS For Needle Position Warning Suitable for Ophthalmic Anesthesia Training 

 

This presents a novel approach to ophthalmic anesthesia training using a mannequin-based 

system with integrated cameras for real-time visual feedback. The existing system is unable 

to capture real-time views, but this new system will remedy this limitation by providing 

healthcare trainees with the skill and ability to observe needle and ocular structures live on a 

monitor during their training sessions. The applied approach makes use of anatomically 

accurate 3-D printed ocular structures and a cardinal instrument for acquiring and 

processing the image of needle tip sensing which is auto-sensing relative to eye structure 

and warns in any unsafe spot inside the orbital cavity. 

 

           
 

                   Fig 5: Block diagram of the real-time view system developed.[2] 

 

The pictorial representation of the components and their placement in the model system in 

Fig 5 helps the reader to understand the integration of cameras, interface, and control 

devices as described and proposed. Apart from helping trainees understand the needle 

movement, it also highlights the errors that could be made, which in addition, has it that it 

fronts a learning experience that also encourages the safety of the patients during 

ophthalmic anesthesia. 

                     
         Fig 6: Rendered image showing the various components of the proposed system.[2] 
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The 3-D printed ocular structures that are anatomically accurate can be seamlessly integrated 

into the mannequin-based model of training in Figure 2, the site being one of the features that 

are a tribute to the human anatomy facial model. For example, tracking the needle's position 

may be done through the use of the needle position algorithm, which shows the technical 

competency in automating the critical aspects of needling. The data from the study show that 

implementation of the created system allows beginners to get immediate visual data and 

needle-in-position alerts during eye anesthesia training under the supervision of experienced 

teachers. The performance exceeded expectations as the system demonstrated a high accuracy 

rate in spotting misalignments, wrong positioning, and potentially unsafe procedures using an 

indicator to become a valuable aid for anesthetists to learn and apply ocular anatomy and 

regional anesthesia techniques. The automated warning scheme was tried on 300 validation 

trials and their ranges, doing so with a high accuracy level and obtaining good feedback from 

the participants in the pilot study. VIS for Ophthalmic Anesthesia Training has transformed 

the training scenario into a highly developed technology by demonstrating real-time visual 

feedback and automatic needle position warnings. The capability of this system to identify 

the needle positions and alarms in unsafe locations ensures the safety and successful 

outcomes of the ophthalmic anesthetic processes and training. Hence, it supplies a valuable 

tool for the trainees to increase their precision and functionality in the field. In addition to 

this, the utilization of virtual instrumentation, smart designing of the system, and automation 

demonstrated technological efficiency in improving the quality of medical training and 

safety. This system can successfully depict how agents are used in training through the 

utilization of the cameras as sensory agents as well as the application of tracking methods in 

objects. The paper adopts a novel and innovative approach that addresses the drawbacks of 

the current systems of training as well as sets the newest standard for virtual instrumentation 

and automation that is pivotal to medical education and advancing skills acquisition. 

 
4.2 Integration of Virtual Instrumentation in the Teaching of Data Acquisition and Interface 

Systems Course 

 

This shows a case study of the integration of virtual instrumentation in teaching data 

acquisition and electrical interface courses to undergraduate students. The existing system 

discussed in the paper is the Data Acquisition and Interface Systems (DAIS) course, which 

is part of the undergraduate curriculum in electrical engineering at the Federal University 

of Campina Grande (UFCG). The paper [7] highlights the importance of active 

methodologies in engineering education and focuses on the Project-Based Learning (PBL) 

approach as a central teaching strategy. It also emphasizes the role of virtual 

instrumentation, specifically LabVIEW, as an educational tool for practical activities in 

engineering education. 

The present methodology involves LabVIEW tuition sessions and educational assessments 

are used to pursue constructive practice and develop project execution skills. The paper 

describes the number of exercises used in the lab sessions concentrating on LabVIEW as 

it involves creating VIs, simulations of data storage, and testing the serial port of the 

ADuC-832 microcontroller. Concerning the analysis of the outcome, the paper performs 

the statistical analysis of the acquired data from the students via the survey at each project 

component. The analysis confirms the viability of LabVIEW for the development of 

students' projects with the lessons learned offering satisfaction and a willingness to use the 

LabVIEW toolbox for other engineering projects. The conclusion tries to point out how 

virtual instrumentation using LabVIEW was of great help in the successful completion of 

engineering tasks and how it can provide a universal platform that can be applied widely in 
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different engineering projects. While the advantages of the LabVIEW-based virtual 

instrumentation tool will be discussed in comparison with existing technology, the paper 

outlines how this instrumentation can benefit engineering education. The paper also 

mentions the use of virtual instrumentation, intelligent systems, and automation in the 

educational course of DAIS, revealing how precisely this kind of technology helps to 

transfer the theoretical concepts of engineering practice into real life. 

In a nutshell, this paper [7] presents useful knowledge for the implementation of virtual 

instrumentation in engineering education, to use LabVIEW to contribute to the success of 

student-engaged engineering projects and workers. It highlights the essence of practical 

methodology and evaluates guided virtual instrumenting as one of the methods in practical 

engineering courses. Furthermore, it refers to the role of virtual instrumentation, intelligent 

systems, and automation hereby demonstrating their practical usability that facilitates 

engineering project creation. 

 

5. CLOUD-BASED VLS 

 

The work [8] presents a virtual instrument designed to estimate the octane number in 

gasoline produced by refineries. The existing system in industrial plants, particularly in 

refineries, requires extensive monitoring networks using high-cost online measurement 

devices. The paper addresses the need for suitable models to produce real-time estimates of 

unmeasured quantities based on available operational data. The authors discuss the 

challenges of modeling complex nonlinear processes and the use of neural networks, 

particularly Multi-Layer Perceptrons (MLP), for this purpose. 

The present methodology involves the design of a virtual instrument based on stacked 

neural networks, aiming to replace measuring hardware during maintenance operations. 

The authors compare linear and nonlinear modeling techniques and propose stacking 

approaches to improve the estimation performance of the instrument. The paper [8] 

describes three stacking methods and evaluates their performance using correlation 

coefficients and mean square error. The above analysis demonstrates that the developed 

virtual instrument exceeds in accuracy and can be used alternatively to both traditional 

data-embedded straight models and models based on the single neural network. These 

virtual instruments are very appropriate to be applied for real- time estimation in chemical 

processes, especially in refineries. 

The paper extends the adoption of virtual instrumentation, smart systems, and automation 

along with the virtual instrument implementation which equally increases computer 

literacy. Virtual instruments, as a low-cost solution, can replace the existing hard-to-afford 

meters. Also, this technology may be used for model-based production/production control 

and enables control and monitoring of systems 

When discussing the obtained results with the existing one, it indicates a lack of traditional 

linear models and provides the current key improvement reached by the usage of non-

linear models and stacking techniques. The author [8] put forward the significance of 

virtual instrumentation along with intelligent systems in industrial processes that can be 

harnessed for easy and good-quality monitoring and control eventually leading to more 

efficient and low- cost operations. Primarily, this work gives a valuable understanding to 

the applicability of virtual devices and stacked neural networks in industrial process 

monitoring, thus, demonstrating a great contribution toward improved product quality 

monitoring in plants and refineries. 
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6. ADVANTAGES AND DISADVANTAGES 

 

 

Table 1: Advantages and Disadvantages. 
 

Work Advantage Disadvantage 

 

VIS in 

industrial 

automation 

 

Flexibility 

 

complexity 

 

Efficient 

 

Sensitive to 

calibration 

 

Performance 

optimization 

in VIS 

 

Easily Integrated 
 

Software 

Dependencies 

Improved estimation 

performance 
 

Model selection 

Training 

and data 

acquisition 

in VLS 

 
Automated needle 

position detection 

 
Lack of tactile 

feedback 

Practical application of 

knowledge 
Limited application 

Cloud- 

based VLS 

 

Efficient 

 

complexity 

 

Interoperability 
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7. CONCLUSIONS 

 

This provides a comprehensive overview of virtual instrumentation applications across 

various domains. It emphasizes the positives virtual instrumentation brings in, such as 

increased flexibility, real-time monitoring, and cost-effectiveness, and on the other hand, bare 

technical restrictions and high sensibility to calibrations. The paper demonstrates the various 

uses of virtual instrumentation technology, such as machining process monitoring, 

ophthalmic anesthesia training, and power meters in a refinery, as well as a hands-on 

laboratory illustration. Through the contrast of VI, it highlights how it can upgrade learning 

in the engineering and technology field hence monitoring the quality of production in 

industries. The paper survey reveals the virtual electromechanical tool, intelligent systems, 
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and automation as the future of a new generation of measurement, control, and analysis 

processes such as in different disciplines.  
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