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Abstract: In this paper, we introduce two systems: Variants as Open Queue Network (OQN) Creation, and
Automated Storage and Retrieval Systems (AS/RS). To assess their performance, we utilize a performance
analyzer named MPA, which is commonly employed for analyzing OQNs. In our analysis, we employ the
AVS/RS tool to swiftly evaluate different configurations. Through our experimentation, we demonstrate that
MPA outperforms simulation methods for efficiently evaluating the performance of these systems. We provide
experimental results to support this conclusion. The AMHS layout is uniquely configured, incorporating
features Turntables, turnouts and high speed express lanes etc. The assumptions underlying the simulation
model were verified using real-world data sets. Behavioral analysis was conducted, primarily focusing on
intertribal times. It was assumed that intermediate points were accessible for all stockers. The distribution of
stacker behavior followed basic patterns, with interatrial times predominantly exhibiting exponential or
Weibull distributions. Cognitive automation refers to the use of computerized systems that mimic human
cognitive functions to provide relevant information and reduce the workload for operators. This type of
automation aims to streamline processes by handling tasks that require human-like decision-making, problem-
solving, and learning. It can analyze data, interpret patterns, make predictions, and even interact with users in
a more intelligent and human-like manner. This document originates from Memorial Hospital (GMH) in
Greenville, South Carolina, USA, focusing on research utilizing data to explore the implementation of
Automated Guided Vehicle Systems (AGVS) within discrete flow systems. These AGVS systems utilize both
unidirectional and bidirectional guide routes networks. The article primarily centers on two key objectives.
Firstly, it introduces a mathematical optimization technique aimed at enhancing material flow efficiency.
Secondly, it proposes a modeling approach to address the challenges associated with implementing AGVS
within discrete flow systems A 300-inch wafer fabrication facility can be designed using a general model that
considers the dimensions of Automated Material Handling System (AMHS) solutions to support decision-
making. This model utilizes ratio analysis and dimensionless metrics to assess various options. The Multiple
Objective Optimization by Method of Ratio Analysis (MOORA) employed for objective measurement, ensuring
that contractor bias does not influence decisions. This method categorically ranks different solutions based on
their performance in meeting specific criteria. In the typical progression of a manufacturing system, various
components such as product design, facility placement, facility layout, suppliers, materials, and technology
need to be carefully considered and implemented at appropriate stages to ensure efficiency. Ultimately,
assessing the performance of the machinery can be effectively accomplished using the MOORA method. To
validate this approach, a test scenario was devised for verification purposes. Process data is ranked first,
whereas inventory management data is ranked lowest.

Keywords: Equipment performance metrics, Inventory management data, Process data, Maintenance records
and Efficiency and throughput metrics.

1. INTRODUCTION

This paper investigates Micro-transport systems, which are part of Material Handling Systems (MHSs). Despite their
significant size, MHSs have unique and intricate designs. They encounter various challenges throughout their
operation. Analytical models of MHSs must account for stochastic components, which are thoroughly explored in this
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study [1]. Items are not kept in the warehouse, even temporarily. Instead, at the warehouse entrance, order takers
manage stock, utilizing materials stored on-site or arriving via trucks. They promptly dispatch cartons directly or
arrange for customers to collect items from trays. Additionally, they consolidate orders as necessary. These two groups
collectively utilize 40% of the warehouse's overall space, with less than 6% currently occupied while the remaining
portion, exceeding 0%, is designated for reservation. Typically, these reserved areas are characterized by high density,
featuring narrow aisles for storage purposes [2]. The surge in semiconductor fabrication necessitates heightened
cleanliness standards and efficient part handling. Automation Material handling and control is important. The
Automated Material Handling System (AMHS) aims to enhance overall manufacturing performance by shortening
production cycles and maximizing equipment utilization. Its focus lies in streamlining material delivery throughout
the manufacturing process, thus driving progress in efficiency [3]. In material handling systems, the utilization of
Computer Numerical Control (CNC) technology is indispensable due to increasing demands and evolving
manufacturing requirements, resulting in diverse production variables. This technology plays a crucial role in
supporting operators by providing a wealth of information. In complex automation setups, operators are tasked with
physical duties, yet there is a wealth of available data. Therefore, emphasis should be placed on activities such as
monitoring, decision-making, and cognitive tasks like control [4]. The majority of operations, around 80%, within the
healthcare system pertain to food trays, paraphernalia related to IT equipment, laboratory supplies, logs, linens, and
support services such as laundry. These operations are primarily focused on internal logistics. As outlined in a white
paper, a staggering 95% of the costs within the healthcare system's supply chain are allocated towards internal logistics
expenditures, predominantly on administration [5]. When embarking on the implementation of a new Flexible
Manufacturing System (FMS) or reconfiguring an existing system, such as in reverse design scenarios, several
challenges often arise, particularly in the realm of introducing new equipment. These challenges necessitate a focus
on AGVS (Automated Guided Vehicle Systems) layout design, as well as broader facility design considerations for
manufacturing systems [6]. The analysis of capabilities within a factory is necessary for system design, as it contributes
essential input. However, it encompasses assessing skills, tool quantities, transportation, and overall storage capacity
within the factory, all of which can significantly influence performance. It's important to acknowledge that
overlooking these factors could have detrimental effects [7]. Fixed Queue Networks, Event-Graphs, and state-change
mappings, akin to Petri nets and discrete-event simulation, are methodologies used for describing a variety of models,
particularly in systems such as manufacturing. These approaches are crucial for designing and analyzing systems at
various stages of development. They offer a structured framework for creating new models or refining existing ones.
Additionally, they serve as a foundation for tutorial presentations on modeling methodologies, particularly in the
context of manufacturing systems [8]. The focus on productivity enhancement is evident in the increased volume
production resulting from improvements. Currently, there is significant interest in automatic methods, particularly in
systems where automation is pivotal, such as in the design of material handling systems. This paper outlines the
development of an automated material handling system for a sheet metal shop with eleven machines. [9]. Achieving
optimal productivity and dependability requires the implementation of a system that activates when certain
benchmarks are met. This system ensures that all resources operate efficiently and are managed effectively. The focus
lies on developing automated machinery and seamlessly integrating it into production processes. This involves
overseeing and synchronizing operations while also being adaptable and intelligent enough to accommodate
increasingly automated setups. Extensive research has been dedicated to this objective [10]. The distribution system
serves the purpose of efficiently transferring materials, ensuring they are delivered to their designated locations
promptly. Inadequate ATV tables contribute to delays in container handling processes, hindering the timely transfer
of items to their intended destinations [11]. The various methods explored encompass dispatching and scheduling
techniques, alongside simulation software, without establishing clear distinctions between them. Consequently, this
integration poses challenges for shop-floor control, making it arduous to repurpose the software and resulting in the
development of iterative algorithms [12]. Furthermore, as regulations continue to evolve, companies are increasingly
compelled to devise methods for reducing carbon emissions without sacrificing service quality. This necessity has
sparked heightened interest in addressing these challenges across both industrial and academic settings. Automated
solutions spanning various levels are being considered in studying such issues [13]. In semiconductor manufacturing,
the demand for ultraclean environments is on the rise, particularly in expanding areas. To meet this need, automated
material handling systems (AMHS) are essential for effective control. These systems play a crucial role in reducing
production cycle times, enhancing equipment utilization, and ultimately improving overall fabrication efficiency. The
primary goal of implementing AMHS is to streamline processes and ensure a more efficient production flow within
the semiconductor manufacturing organization [14]. Efficient utilization of material handling equipment is crucial,
particularly when considering its potential impact on non-value-added aspects of production. Yet, its introduction
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Timing and excessive utilization must be carefully managed within a production setting. When implemented
appropriately, these tools can diminish work content and ultimately enhance productivity [15].

2. MATERIALS AND METHOD

Equipment performance metrics: The Equipment Utilization Rate (EUR) A basic key performance indicator (KPI)
for businesses, reflecting the usage of equipment. It hinges on factors such as the extent of equipment usage, the
duration of idle time, and measures dwell time. A high EUR signifies efficient asset management, correlating with
higher revenue generation.

Inventory management data: Inventory management, a key aspect of supply chain operations, involves overseeing
the flow of goods from manufacturers to warehouses and ultimately to outlets. Its primary focus is on efficiently
tracking and managing cargo from its origin to its destination. The goal of inventory management is to ensure that the
right products are available at the right time and at the right places to effectively meet demand.

Process data: Creating a straightforward visual representation of vast stock data is achievable through an Exchange
Stock Trading Software. Similarly, an e-commerce enterprise employs customer data to suggest products based on
their search history. Meanwhile, a digital marketing firm utilizes demographic information for planning location-
specific campaigns.

Maintenance records: Keeping track of the maintenance history of your equipment is essential. This documentation
serves as a record of your machine's upkeep, aiding in monitoring its overall health. When necessary, scheduling
inspections ensures timely maintenance, guaranteeing that your device remains safe to operate while also optimizing
its performance.

Efficiency and throughput metrics: Assessing performance through Metrics of Effectiveness (MOES) involves
evaluating specific conditions or meeting objectives to gauge the capability of an organization or individual. It involves
measuring performance to determine if the necessary steps are being taken to achieve desired outcomes.
Performance Metrics: KPIs are intricately tied to business goals, providing a focused lens through which to measure
success. Simultaneously, metrics offer specific measurements that gauge the outcomes of individual activities.
Together, they provide a comprehensive framework for assessing performance and driving progress towards
overarching targets.

Cost Analysis: Cost analysis, commonly known as cost-benefit analysis, refers to the evaluation of expenses and
potential gains stemming from a project. It involves calculating the total revenue and benefits associated with the
completion of the project and then subtracting the costs incurred. Essentially, it's a method used to determine the
profitability of a project by comparing its estimated costs to the financial benefits it is expected to generate.

Safety Assessment: In essence, security or risk assessment involves identifying potential harmful situations,
processes, and elements within a workspace. It provides a comprehensive understanding of the workspace
environment. Once identified, the focus shifts to analyzing and evaluating the likelihood and severity of security risks.
Scalability: Scaling in business refers to the capacity to meet growing demand from other companies. As production
volume rises, unit costs tend to decrease, allowing for wider profit margins and increased efficiency within the
economy. A business that can scale effectively stands to gain significant advantages.

MOORA Method: Construction projects are intricate endeavors that span over extended periods, often characterized
by their uniqueness, which can be attributed to evolving environmental conditions. They represent ambitious
initiatives with distinctive attributes. As these projects grow in complexity, assessing the contractor's performance
becomes increasingly crucial [16]. Marketing decisions are frequently encountered during each stage Product life
cycle. Similarly, the overarching concept of production extends across the entirety of the cycle. During the initial
phase of production, emphasis is placed on selecting the product and its design, as well as establishing the necessary
manufacturing facilities, all of which are imperative responsibilities for the manufacturer [17]. Ratio analysis
(MOORA) is employed in this context to assess the optimal performance of plastic injection machine maintenance,
introduces a multi-objective optimization method for development this planned document [18]. The MOORA method,
also known as multi-objective optimization by ratio analysis, a technique utilized in multi-criteria or multi attribute
optimization. It's particularly useful in various production environments for tackling complex decision-making
challenges. In such scenarios, where multiple objectives are subject to certain constraints or conflicting requirements,
MOORA enables the simultaneous enhancement of these objectives [19]. Fuzzy AHP and Fuzzy MOORA techniques,
designed for evaluating complex decision-making scenarios, were employed across seven distinct domains and
assessed against ten criteria in the survey findings. Among the prominent areas of preference were Technology,
identified alongside Finance and Information/Software as significant determinants [20]. When choosing the MOORA
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method for tests, there is a selection phase involved. This method encompasses various types that are interconnected
with barriers, involving two or more aspects. It employs a value-centric approach aimed at maximizing benefits [21].
This paper focuses on the automation of gas metal arc (GMA) welding and multi-response optimization. The objective
is to devise a problem-solving approach to improve the width and height of beads as well as the hardness of the
weldment. The chosen response variables are then optimized through data analysis. The method of entropy
measurement is employed to forecast the individual response weights. Subsequently, an enhanced optimization
approach based on MOORA and Taguchi methodology is utilized. The confirmation test validates the results obtained
[22]. The implementation of paraphrasing methods can be quite challenging and complex due to the need for a deep
understanding of mathematics. This complexity is particularly relevant in the context of fleet management, where
decision-makers face various problems that need solutions. Hence, there's a demand for a straightforward, rational,
and systematic approach to address these issues effectively. To cater to the needs of decision-makers, the MOORA
method is chosen, which includes both reference point and multi-MOORA modes [23]. The MOORA method is used
in many real-world scenarios, involving practitioners and decision-makers, and has gained notable traction among
researchers. The authors This research paper aims to provide a summary of its applications and impact. However,
despite its widespread use, A comprehensive literature review on the MOORA method, encompassing its various
applications and nuances, is currently lacking. This article serves as a thorough exploration, offering an extensive
overview and utilization of the MOORA method. It establishes a reference database for its integration and practical
use. Furthermore, it conducts a formal examination of MOORA's effectiveness within uncertain settings, building
upon and analyzing prior research in this domain [24]. Subjected to various test conditions from different specimens
or samples, the ideal model or approach for listing purposes is exemplified by the MOORA method. Renowned for its
simplicity, MOORA enables consideration of personal characteristics and delivers direct results, making it particularly
valuable when traditional methods cannot be applied [25]. However, there has been limited exploration into the
application of MOORA in relation to the advanced machining process. Therefore, this study delves into assessing the
AWJ (Abrasive Water Jet) Machinability of Jute/Polyester Composites using MOORA, particularly focusing on the
impact of laminate thickness [26]. To assist in this decision-making procedure, there exist several methods for multi-
objective optimization. One such approach is Multi-Objective Optimization by Ratio Analysis (MOORA). This
technique is known for its simplicity and mathematical ease of use in addressing multiple objectives simultaneously
[27]. Various techniques are employed across industries to manufacture sheet metal products, including spinning,
electromagnetic forming, hot stamping, deep drawing and hydroforming. Among these methods, sheet hydroforming
provides final cups with precise dimensions and excellent surface quality [28].

3. ANALYSIS AND DISCUSSION

TABLE 1. Automated material handling systems

Performance | Cost Safety Scalability
Metrics Analysis | Assessment
Equipment
performance 42.30 181.10 69.50 98.52
metrics
Inventory
management 11.25 159.26 81.45 88.93
data
Process data 32.69 183.25 13.80 10.10
Maintenance
records 13.08 128.28 45.87 40.20
Efficiency and
throughput
metrics 56.89 146.32 65.45 18.89

Table 1 shows the Multi-Objective Optimization based on ratio Analysis and Automated material handling systems.
Equipment performance metrics, Inventory management data, Process data, Maintenance records and Efficiency and
throughput metrics. Performance Metrics, Cost Analysis, Safety Assessment and Scalability.
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Automated material handling
systems

Inventory
Efficiency and throughput Equipment managem
metrics performance metrics Process data ent data

Equipment performance metrics B Inventory management data
M Process data H Maintenance records

Efficiency and throughput metrics

FIGURE 1. Automated material handling systems

Performance and performance metrics from Figure 1 and Table 1 show the highest value for performance metrics and
inventory management data shows the lowest value. Process data shows the highest value for cost analysis and
maintenance records shows the lowest value. Inventory management data shows a high value for safety assessment
and process data shows a low value. Equipment performance metrics scaling and process data show low value.

TABLE 2. Normalized Data

Performance | Cost Safety -
Metrics Analysis | Assessment Scalability
Equipment
performance
metrics 0.5291 0.5030 0.5174 0.7021
Inventory
management
data 0.1407 0.4424 0.6064 0.6338
Process data 0.4089 0.5090 0.1027 0.0720
Maintenance
records 0.1636 0.3563 0.3415 0.2865
Efficiency
and
throughput
metrics 0.7116 0.4064 0.4873 0.1346
Xn1 - (D).

T D2+ (224 (x3)2..)

Table 2 shows the various Normalized Data High values of Equipment performance metrics, Inventory management
data, Process data, Maintenance records and Efficiency and throughput metrics. Performance Metrics, Cost Analysis,
Safety Assessment and Scalability. Normalized value is obtained by using the formula (1). Table 3 shows Weightages
used for the analysis. We take same weights for all the parameters for the analysis
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Normalized Data
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M Equipment performance metrics M Inventory management data
M Process data B Maintenance records

Efficdency and throughput metrics

FIGURE 2. Normalized Data

Figure 2 shows the Normalized Data Automated material handling systems. Equipment performance metrics,
Inventory management data, Process data, Maintenance records and Efficiency and throughput metrics. Performance
Metrics, Cost Analysis, Safety Assessment and Scalability.

TABLE 3. Weightages

Weight

0.25] 025 | 0.25 | 0.25
0.25 | 025 ] 0.25 | 0.25
0.25 | 025 ] 0.25 | 0.25
0.25] 025 | 0.25 | 0.25
0.25 | 025]0.25 | 0.25

Xwnormain = Xn1 X w1(2).

TABLE 4. Weighted Normalized Decision Matrix

Weighted normalized decision

matrix
Equipment
performance
metrics 0.1323 | 0.1258 | 0.1294 | 0.1755
Inventory
management
data 0.0352 | 0.1106 | 0.1516 | 0.1584

Process data | 0.1022 | 0.1273 | 0.0257 | 0.0180
Maintenance

records 0.0409 | 0.0891 | 0.0854 | 0.0716
Efficiency
and 0.1779 | 0.1016 | 0.1218 | 0.0337
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throughput
metrics

Table 4, 5 shows the final result multi-objective optimization based on ratio analysis Automated material handling
systems. The weighted default result is calculated using the matrix formula (2). In Assessment value, Process data is
having is Higher Value and Inventory management data is having Lower value formula (3).

Weighted normalized decision matrix

Inventory... Maintenance...
Equipment... Process data Efficiency and...

Weighted normalized decision matrix

FIGURE 3. Weighted normalized decision matrix

Figure 3 and Table 4, 5 shows the final result multi-objective optimization based on ratio analysis Automated material
handling systems. The weighted default result is calculated using the matrix formula (2). In Assessment value, Process
data is having is Higher Value and Inventory management data is having Lower value formula (3).

TABLE 5. MOORA Analysis and Result

Assessment Rank
value
Equipment
performance
metrics -0.0469 4
Inventory
management
data -0.1643 5
Process data 0.1858 1
Maintenance
records -0.0270 3
Efficiency
and
throughput
metrics 0.1240 2
Assesment value = Y X1+ Xpwn2—Xwns ®)-
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Assesment value

FIGURE 4. Assessment value

Figure 4 Shows the MOORA method using the analysis Assessment value for Process data is having is Higher Value
and Inventory management data is having Lower value.

Rank

Increase Decrease W Total

Inventory... Maintenance...
Equipment... Process data Efficiency and...

FIGURE 5. Shown the Rank

Figure 5 Shows the Ranking of Automated material handling systems. Process data is got the first rank whereas is the
Inventory management data is having the Lowest rank.

4. CONCLUSION

Despite their significant size, MHSs have unique and intricate designs. They encounter various challenges throughout
their operation. Instead, at the warehouse entrance, order takers manage stock, utilizing materials stored on-site or
arriving via trucks. They promptly dispatch cartons directly or arrange for customers to collect items from trays.
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Additionally, they consolidate orders as necessary. The Automated Material Handling System (AMHS) aims to
enhance overall manufacturing performance by shortening production cycles and maximizing equipment utilization.
Its focus lies in streamlining material delivery throughout the manufacturing process, thus driving progress in
efficiency. The majority of operations, around 80%, within the healthcare system pertain to food trays, paraphernalia
related to IT equipment, laboratory supplies, logs, linens, and support services such as laundry. These operations are
primarily focused on internal logistics. As outlined in a white paper, a staggering 95% of the costs within the healthcare
system's supply chain are allocated towards internal logistics expenditures, predominantly on administration.
Currently, there is significant interest in automatic methods, particularly in systems where automation is pivotal, such
as in the design of material handling systems. This paper outlines the development of an automated material handling
system for a sheet metal shop comprising eleven machines. Marketing decisions are frequently encountered during
each stage of the product life cycle. Similarly, the overarching concept of production extends across the entirety of
the cycle. During the initial phase of production, emphasis is placed on selecting the product and its design, as well as
establishing the necessary manufacturing facilities, all of which are imperative responsibilities for the manufacturer.
Subsequently, an enhanced optimization approach based on MOORA and Taguchi methodology is utilized. The
confirmation test validates the results obtained. To assist in this decision-making procedure, there exist several
methods for multi-objective optimization. One such approach is the Multi-Objective Optimization by Ratio Analysis.
This technique is known for its simplicity and mathematical ease of use in addressing multiple objectives
simultaneously.
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