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Abstract Virtual cellular manufacturing has been known to a way to overcome the
difficulties of both cellular manufacturing system and functional layout system. With
virtual cellular manufacturing system, groups of resources are dedicated to the man-
ufacturing of a part family, but these cells are not real in the manufacturing system. In
virtual cellular manufacturing system, machines remain in their original layout, and
the machine cells are instead formed in the planning and control system and remain
virtual in nature. In the present work, different models for the formation of virtual
cell have been discussed. Factors that may affect the efficiency of manufacturing
system have also been discussed.
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1 Introduction

Production is a process of transferring the materials into useful articles. If supporting
activities like quality control and production planning are introduced along with
production, it is known as manufacturing. Manufacturing is a systematic activity, so
each manufacturing system has a specific objective. The useful output is transformed
from the various inputs.
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The objective of manufacturing system is to get high efficiency and flexibility.
Manufacturer has to solve a number of problems at the manufacturing floor. Tradi-
tional manufacturing system is not capable of satisfying the requirements of man-
ufacturing system where quick response to the product design change is required.
In today’s era, manufacturing industry is under a continuous pressure to control the
cost of its product. Competition is increasing day by day. A variety of products
need different operation and machines. The concept of innovative manufacturing
is being developed by management of manufacturing industries in order to mini-
mize the production cost. It is possible by increasing the utilization of resources.
Cellular manufacturing is termed as an application of group technology. Group tech-
nology is generally a selection and coding of machine cells for part families. In
group technology and cellular manufacturing system (CMS), machine cell and part
families are formed independently. Different researchers have developed different
models to optimize the CMS. The main disadvantage of this CMS is that it fix the
machine cell for specific part family. Machine cells are not fully utilized in many of
the cases. Virtual cellular manufacturing systems (VCMS) are the most appropriate
to overcome this problem. In VCMS, machine cells are not fixed. They are virtual
in nature and the position of machine is not physically changed. The advantage of
forming machine cell is to improve the utilization of resources. Different researchers
have proposed different models to form a virtual cell. In VCMS, there is no need
to move the machine, instead machine will remain in their original position. The
virtual cell may result decrease in setup time, change in machine usage and decrease
in material handling time. The points of interest may be to incorporate enhanced exe-
cution, higher system effectiveness, improved product generation control and better
product quality.

Various designs and production tools are used in VCMS. Design tools may
include computer-aided design for assembly and manufacturing. Production tools
may include computer-integrated manufacturing, just in time, material requirement
planning and manufacturing resources planning. VCMS depends upon utilization of
the cellular manufacturing systems (CMS) and job shop manufacturing. It is fur-
nished by making virtual gathering of the machine cell and part family incidentally
in the creation and arranging the product in control system. Some of the machines
may be accessible in more than one cell for the increased utilization of resources.
The effectiveness of any manufacturing system may be enhanced by the maximum
utilization of virtual cells. The objective is to find the similarity index among the part
families and reduce the setup time. It was found that the virtual cellular manufactur-
ing system is more valuable than other manufacturing system when product variety
and demand variability are high [1] (Fig. 1).
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Fig. 1 Virtual cellular manufacturing system

2 Development of Virtual Cellular Manufacturing System

The cellular manufacturing system has been emerged as a technique to optimize
the manufacturing system. A numerical model is proposed in which logical group
of cells is formed. This model was efficiently responding with change in demand
and technological changes. The proposed model was able to maximize the product
output and reduce the setup time. The suggested model was tested with randomly
generated changes and other self-generated changes in demands. It was found that the
proposed model is working efficiently as compared to cellular manufacturing system
and functional layout systems [1]. A model of axiomatic design theory was proposed
[2]. It is based on waste elimination theory and the objective is to minimize system
cost and improve system efficiency. A model was planned in which coding is in
LINGO programming and is kept running over utilitarian and disseminated courses
of action of similar machines [3]. Mak et al. [4] build up a hereditary planning
technique to investigate the manufacturing cell arrangement and genetic algorithm
for VCMS. A new scheduling model has been developed using genetic algorithm.
The objective of the proposed model is to minimize the total material movement.
This may increase the overall efficiency of the manufacturing system. Slomp et al.
[19] has build up a technique of creating VCMS by taking the original thought of
group generation. Virtual cells are formed by taking multi-objectives in real time
based on the demand. Labor grouping is also considered in addition to machine
cell. Worker movement in inter-cell is also taken into account. Long [5] focused
on research on virtual supply chain networks by combining agent technology and
computational experiment. A bilateral model was proposed for dynamic VCMS and
Supply chain management [6]. This covers multi-facility, multi-plants and market
demands completely. This mathematical model was nonlinear and efforts were made
to optimize this model. Transportation cost related to the distribution of finished
products from each plant to markets is calculated. Exceptional elements and number
of labor movements between active plants were also calculated.
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A scientific model which intends to limit the average manufacturing cost with
workforce requirements was developed [7]. A hybrid model using constraint pro-
gramming and discrete particle swarm programming was introduced to solve the
manufacturing problem. The proposed model was demonstrated with randomly gen-
erated data. Mak et al. [4] introduced a mathematical model to describe the character-
istics of VCMS. A genetic algorithm model was developed to optimize the schedul-
ing in the manufacturing system. The proposed model was compared with traditional
manufacturing and cellular manufacturing system. It was found that result was com-
paratively more superior. Virtual manufacturing systems have problem because of
dynamic environment and nonlinear nature of the problem. Sarker and Li [8] found
this solution by developing heuristic solution which is found to be more realistic and
responsive. It is observed that the virtual cell scheduling is more complicated due to
overlapping among the cells and the multiplicity of possible virtual cell. A specific
model is proposed for CMS that combines the setup efficiency obtained by traditional
CMS with the flexibility of a job shop [9]. Efficiency with temporary allocation of
machine to the part family rather than fixed allocation of machine to part family was
compared.

Zamani [10] developed a model for producing capability-based CMS (CBVCMS).
The objective function of the proposed model is to minimize the dissimilarities
among the parts. The validity of the model was checked with examples available
in the literature. The virtual cell gives the better results as compared to functional
layout. Mak et al. [4] proposed a scheduling model for the manufacturing system.
The objective of this model is to minimize the total distance travelled by all the parts.
The performance with age-based genetic algorithm was compared with traditional
genetic algorithm. Erenay et al. [11] concentrated on centers around stochastic cell-
producing outline. A mathematical model was developed to create dedicated and
remainder cells. It is also proposed to minimize the count of cells. Calculation for
expected cells in utilization was done.

Ko and Egbelu [12] created two calculations to produce VCMS. The primary
calculation was utilized to test directing information and produce sets of machines
that show up every now and again. These VCMS are then broke down to utilizing the
second calculation which indicates the last VCMS setup. A machine can appear in
various VCMS (machine sharing) and a VCMS can serve numerous parts. Mak et al.
[17] introduced a strategy to tackle the assembling cell arrangement and the issues
for development of VCMS. The goal is to limit the average materials and segments
voyaging separation acquired. Moodie et al. [13] proposed a structure for employ-
ments booking by utilizing VCMS. Each activity is allotted to an arrangement of
workstations. This issue is fathomed by a straight programming where the goal is
to limit both travel separations. Hamedi et al. [3] introduced a technique to pick a
reasonable design that can enhance the execution of VCMS, particularly limiting the
material stream between machines required by each family gathering. It is also pre-
sented in selecting a layout that may increase the efficiency of virtual manufacturing
systems by lowering the flow of material in between the machines. A multi-objective
programming is developed to form VCMS based on resource element.
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Routing similarities are mainly discussed in design-oriented papers, whereas pro-
cessing similarities are mainly discussed in operation-oriented studies. Babu et al.
[14] evaluated the importance of enterprise modeler (EM), cell design manager
(CDM), cell operation manager (COM), simulator (SIM), performance evaluator
(PE) and report generator (REP). Mak and Ma [15] proposed a numerical model
which is utilized for creating ideal generation plans for VCMS working under a multi-
period fabricating situation. Thomalla [16] recommended the arrangement of issues
yet with the goal of limiting delay. In this work, Lagrangian unwinding approach is
utilized. An alternate approach is recommended by Mak and Wang [17], who tried a
hereditary calculation to get arrangement of issues with the aim of limiting aggregate
travel separations. There are many optimization techniques like genetic algorithm
(GA) and simulating annealing (SA). These are already suggested by researchers to
have better solution of cell formation problems. The use of information technology
in Enterprise resource planning (ERP) is also increasing day by day. This may lead
to the availability of data for VCMS. The available details on different manufactur-
ing system like tooling, allowance of fixtures and tolerances are mapped with the
manufacturing system. We can therefore conclude that VCMS design may enhance
efficiency of manufacturing system using data from ERP systems. The cell forma-
tion under random product demands is a new avenue for research. In an innovation
manufacturing system, cloud-based design and manufacturing has emerged as a new
development in the manufacturing system. The proposed model and existing model
were also discussed. The proposed model indicates that VCMS has emerged from the
interaction of fuzzy machine agents with fuzzy agent attractor [18]. It may improve
the overall efficiency of the manufacturing system. Mahadevi [19] presented an arith-
metic model for planning a dynamic VCMS with possibilities of change of workers
and machines. To verify the model, LINGO software was used.

3 Discussion

The evolution of manufacturing system from production flow analysis to virtual
manufacturing system has been occurred. Production flow analysis was developed
by Burbidge. The previous demand was stable but now it has been changed to unsta-
ble and dynamic in nature. The continuous change in demand forced to change the
manufacturing system employed. Thereafter group technology and cellular manu-
facturing system came in existence. These systems also have their own limitations.
Researchers have proposed various models to optimize the cellular manufacturing
system. Various authors have also addressed the limitations and improvements in the
cellular manufacturing system. This may include under-utilization of machines and
high setup time. Virtual cellular manufacturing can be effectively executed to meet
the challenges from the change of location of machine cell. Different researchers
have proposed different models to form virtual cell. Extensive work on designing of
cellular manufacturing system have been undertaken for minimizing mean flow time
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of parts and also maximizing the production. This has been done for different con-
ditions. The simulation tools were also used in simulating potential cellular designs
before making the decisions for selection. Economic justification and managerial
issues were also addressed in group forming of part and machine cells. Various
techniques and methodologies have been designed and developed by researchers for
various functional areas of CMS and VCMS. But it is felt that most of the studies
were being concentrated upon the clustering of the machines into machine cells and
parts into part families with various techniques.

4 Conclusion

After going through the systematic review of the work done in the development of vir-
tual manufacturing system, design may be done in various methods. These methods
may include machine-component group analysis, genetic algorithm based approach,
fuzzy clustering approach, graph partitioning approach and artificial intelligence
approach. Virtual cellular manufacturing builds on the notion that a manufacturing
system should have a physical and a logical design. Virtual manufacturing system
in industry is implemented to decrease setup time, decrease in work in advance,
decrease in lead time, improve in quality that can be accomplished by execution of
CMS. VCMS is executed without physically revamping existing manufacturing for-
mats. Therefore, VCMS can be actualized to fulfill the changed needs of clients with
no cost of manufacturing plant design change. Some arrangement can be utilized for
planning the groups of parts with a specific end goal to effectively actualize VCMS.
It has been observed that less work has been addressed in the area of combinational
complexity of VCMS design problem. In any case, consolidating different research
could fundamentally upgrade the quality and effectiveness of the system consid-
ered. The incorporation of observational investigation into either plan or operational
examinations could upgrade the authenticity of the system, particularly as parame-
ter ranges, informational indexes and asset types. Research on the development in
manufacturing system and the development of efficient tools is going on to achieve
good solutions in reasonable processing time.
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