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Abstract 

The industry is rapidly transitioning from the 4.0 era to the 5.0 era, prompting renewed interest among scholars in scheduling 
problems. They allow operations to process and assemble various components simultaneously. This bibliometric analysis provides 
a comprehensive understanding of the diverse research perspectives on the potential challenges of integrated scheduling within the 
framework. We identified 357 Scopus articles and analysed co-occurrence keyword (CNK) by VOSViewer tools and Global 
Citation Score (GCS) by Scopus tools. The research data obtained from 1993 to 2023 mainly in the subject areas of Engineering, 
Computer Science, Maths, and others. CNK identified six cluster keywords, and nine most cited articles based on normalised GCS.   
These results contribute to our understanding of the development of scheduling algorithms, shifting from an emphasis on 
manufacturing transfers to contemporary demand-centric research directions. Furthermore, this research provides a valuable 
perspective for policymakers, plant personnel, and manufacturing managers to make informed decisions. 
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1. Introduction 

The industrial sector faces significant challenges with scheduling, as there is often a disconnect between utilizing 
manufacturing resources effectively and optimizing production goals and cost efficiency. Pinedo [1] argues that 
scheduling issues in manufacturing typically arise when problems occur in the machining process at work centres 
while assigning order or sequence numbers, leading to busy machines and ineffective prioritization. Common 
computer scheduling problems include flow shops, job shops, flexible job shops, open shops, single machines, and 
parallel machines. Efficient scheduling nowadays is important for cutting production expenses, maximizing resource 
usage, and account production effectiveness [2], [3]. By applying effective scheduling techniques and approaches, 
maximizing and optimizing resource utilization and efficiently carrying out operations is possible [4]. In modern 
manufacturing practices, scheduling involves systematically and logically arranging production tasks according to pre- 
established plans and market requirements [5]. Production scheduling involves determining the timing, product 
sequence, task priorities, equipment order, and managing human workers [2].  

 The government must play an active role by conducting strategic research, providing planning guidance, and 
implementing supportive policies to strengthen the manufacturing sector. There is compelling evidence to suggest how 
to has evolved significantly from the automated production era, as exemplified by Industry 3.0, to a more human-
centric paradigm embodied by Smart Industry 5.0. The knowledge transfer from Industry 3.0, one by one, to Industry 
4.0 and rapidly go to Industry 5.0, represents a fundamental shift in how businesses operate, moving away from a 
purely mechanized approach towards one that emphasizes the role of human workers and their collaboration with 
advanced technologies [2], [4], [5]. Most contemporary scheduling optimization problems are highly nonlinear and 
involve variables subject to boundary constraints and multiple functions. Scheduling problems consist are NP-hard or 
nonlinear programming problems or constrained optimization [6], [7]. 

Integrated scheduling (IS) is an advanced method derived from job shop scheduling job shop scheduling (JSS). 
Unlike traditional JSS, which requires all components to be processed before assembly, IS allows for simultaneous 
processing and assembly, enhancing flexibility and efficiency. Consequently, IS holds significant research and 
practical value for producing intricate large products, customized small-batch products, and complex components. Xie 
[8] proposed integrated scheduling (IS) to address the shortcomings of traditional workshop scheduling, which 
separates processing and assembly. The paper discusses the integrated scheduling problem and algorithms, referring 
to equipment as devices or machines, and operations as processes, without distinguishing between assembly and 
machining. 

A basic search of research is needed to understand why this research is being done. Based on the connectedness of 
the literature on the relationship between Integrated Scheduling (IS) OR assembly job shop scheduling (AJSS), three 
research questions will be answered with scientific reasons: 1) What is the classification based on trend keyword of 
ISP? 2) What is the model-based solutions for ISP? and 3) What are the challenges and future work directions of ISP? 

This bibliometric analysis is intended to support researchers, with a specific focus on integrated scheduling, by 
examining the progression of research in this area leading up to the peak of Industry 4.0 development and looking 
towards the broader implications of Industry 5.0.  

Our study discusses the significance of visualization analysis and bibliometric review in understanding the research 
landscape of integrated scheduling. Conducted a comprehensive search and evaluation of published evidence, 
including build case studies and summary review papers related to integrated scheduling. How to identify trends, 
research gaps, and patterns knowledge, providing a new comprehensive mapping overview of the subject research. 
Using CNK and GCS (bibliometric framework Fig.1). This combination of bibliometric analysis review and 
visualization (BARV) methods emphasizes the importance of understanding integrated scheduling algorithms and 
manufacturing steps in the development of assembly and manufacturing technologies. Overall, this study highlights 
the value of these analytical techniques in gaining a clearer and more comprehensive understanding of the research 
landscape. 

In Section 2, we outline our research approach comprehensively, covering materials and methods. Subsequently, 
the findings are examined and discussed in Section 3. The connection among the most significant technologies is also 
highlighted concerning the most beneficial 4.0/5.0 technologies, while the solutions are introduced in Section 4. 
Section 5 provides a detailed conclusion. A diagram illustrating the topics addressed in this study is shown in Fig. 1. 
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2. Materials and Methods 

The Scopus database is widely known for literary research, offering a comprehensive collection of content for 
academic investigations. It can classify publications by author names and segregate columns based on profiles or 
sources. Scopus's impact metrics are as effective as or better than WoS's, and less prone to manipulation [7] [8]. 

In our initial research, 358 articles were found in Scopus, only 9 in WoS. Scopus offers detailed source info, metrics, 
and author identity. It is preferred for its wide publication range globally. Scopus has more journals than other 
databases, aiding citation analysis, especially for post-1995 papers. Scopus is valuable due to its broad coverage and 
accessible data [11], [12], [13]. 

  

Fig. 1. SLNA Methodology Systematic Literature Review (SLR) (a), Bibliometric for Network Analysis and Visualization (BNAV) (b) 

The researchers used a SLNA for literature selection and assessment, comprising two main components. The initial 
phase involves a bibliometric review prioritizing transparency, inclusivity, and reducing biases. Tools like BNA  and 
Visualization help identify research topics using methods like CNK and GCS, a part of bibliometric analysis, uses 
citation analysis to link research streams. Network analysis identifies research clusters and field breadth. The study 
aligns its methodology with reputable review articles on integrated scheduling challenges. 

VOSviewer software (VoS 1.6.20) enhances qualitative analysis alongside bibliometrics. It evaluates keywords, 
titles, and abstracts to reduce biases, improve validity, and enhance construct repeatability. Accessing Scopus data, 
VoSviewer visualizes item relationships and identifies key elements in research clusters. It introduces CNK, offering 
insights into authors, journals, and research clusters in academic literature. [14]  

3. Results 

Systematic literature review 

This research undertook a comprehensive literature review using targeted keywords to explore the interrelations of 
integrated scheduling. We focused on compiling a refined search list to identify relevant publications for the initial 
bibliographic search. The research query encompassed a range of terms, synonyms, and acronyms related to 
"Integrated Scheduling," "Assembly Job Shop Scheduling," or "Tree-Structured Products." It incorporated a Genetic 
Algorithm to develop a novel optimizing algorithm. The primary literature review in Scopus, with the most citations, 
was analyzed. (Equation 1): 

TITLE-ABS-KEY ( "integrated scheduling" OR "assembly job shop scheduling" OR "tree-structured products" ) 
AND ("Genetic Algorithm")    (1) 

A search conducted on November 20, 2023, using the Scopus search engine yielded 487 articles through searches 
of titles, keywords, and abstracts. Of these, 443 articles were identified in Engineering, Computer Science, and 
Mathematics. These articles were categorized as articles, book chapters, conference papers, reviews, conference 
reviews, and book chapters, totaling 440, with 358 being in English. After removing duplicates, the total number of 
unique articles available to address research questions was 357 (Table 1). After acquiring clean data, the subject area 
percentage is calculated as follows: Engineering (29.8%), Computer Science (27.5%), Mathematics (12.7%), Decision 
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Sciences (9.0%), Business, Management and Accounting (6.3%), Other (10.3%). China (218) is the leader in 
integrated scheduling research. Regionally, 72.53% of the papers are from Asia, 16.67% from Europe, 8.45% from 
the Americas, 0.94% from Africa, 0.47% from Australia, New Zealand, and Oceania, and 0.94% from unspecified 
locations, from data showing how the term "paper" has been searched for from 1993 to 2024.  

Tabel 1. procedure and results 

Steps Results 

TITLE-ABS-KEY (“integrated scheduling" OR "assembly job shop scheduling" OR "tree structured products”) 
AND ("Genetic Algorithm") 

487 articles 

Filter by years (1993-2024)  487 articles 

Filter by subject area (Engineer, computer science, mathematics)   443 articles 
document type (review, article, conference review, book chapter, conference paper 440 articles 

Filter by language (English)  358 articles 

Removed duplicate documents based on "author" and "title" 357 articles 

Bibliographic network analysis and visualization  

Co‐occurrence network of keywords (CNK) 
Co-occurrence network analysis to analyse selected terms in research publications. This method involves 

examining how frequently certain words appear together in publications to identify patterns and trends in a particular 
discipline. Using VOSviewer, researchers can create visual maps of keyword networks based on co-occurrence 
analysis (Fig. 2). 

Fig. 2. Co-occurrence of Keywords Network Map 

To perform a co-occurrence analysis in VOSviewer, researchers typically follow specific procedures, such as 
extracting keywords from publications, cleaning the data by combining synonyms and abbreviations and creating a 
batch file for analysis. It is crucial to emphasize that minimum number of co-occurrences are 3 times to be incorporated 
into the network analysis. By utilizing co-occurrence analysis and visualizing keyword networks, researchers can gain 
insights into the relationships between different terms and identify key themes and trends within their research field. 
This approach can help researchers better understand the literature landscape and inform future research directions. 
Table 2 provides detailed information on keywords and clusters.   
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Global citation score analysis  
As described in references [15], the GCS analysis is a valuable tool for identifying ground-breaking papers and 

assessing their impact within the scientific community. The GCS provides a comprehensive measure of a publication's 
influence by evaluating its citations across the entire database, regardless of its network connections. Table 3 shows 
that the research articles with the top normalized GCS are those relevant to Co-occurrence Analysis (CoA). Based on 
the outcomes of the investigation, relevant research can be considered in the most relevant citation coexistence 
networks.  

Table 2. Grouping research subjects according to CNK analysis 

C* Keywords TLS* TO* Main research topics 
1 multi-objective optimization, particle swarm optimization, local search, 

mixed-integer linear programming, assembly, assembly job shop 
scheduling, evolutionary algorithm, flexible job shop scheduling, cloud 
manufacturing, integrated scheduling optimization, meta-heuristic, supply 
chain management 

74 55 Single or multi-objective 
optimization using EA are 
suggested to address IS or 
AJSS challenges in 
manufacturing. 

2 integrated scheduling, constraint programming, vehicle routing, vehicle 
routing problem, carbon emission, dynamic scheduling, integration, 
mixed integer programming, job shop, material handling 

142 111 Single/multi-objective FISA 
with tree-structure 

3 scheduling, optimization, preventive maintenance, production and 
transportation, distributed manufacturing, low shop scheduling, meta-
heuristics, multi-objective optimization, time window 

106 77 Integrated distributed 
scheduling optimalization  

4 production scheduling, automated guided vehicles, flexible, 
manufacturing system, agv, automated guided vehicle, hybrid genetic 
algorithm, makespan, path planning 

70 34 IS optimization based on 
intelligent manufacturing and 
AGV 

5 simulated annealing, heuristics, ant colony optimization, production, 
tt&c, distribution, flexible manufacturing systems, inventory 

54 33 Heuristic methods for 
manufacturing system  

6 genetic algorithm, container terminal, integrated scheduling problem, 
maintenance, metaheuristic, quay crane, berth allocation, project 
scheduling 

137 137 Evolution of Genetics 
Algorithm  

C*: Cluster; TLS*:  Total link strength; TO*: Total Occurrence 

Table 3. Ranking of the 9 most cited articles based on normalized GCS 

Nevertheless, there are some research papers with significantly larger normalized GCS values [16], and some with 
lower normalized GCS values [17]. Despite the fact that the paper by Zhong et al [16] was published in 2020, it has 
received a great deal of citations. It has been observed that papers tend to attract more citations in the immediate post-
publication period. As a result, we can conclude that these articles constitute pioneering research and provide a 
roadmap for future research. 

4. Discussion 

Classification integrated scheduling based on keywords trend  
This research was conducted to investigate the effectiveness of the ISP and introduce a novel scheduling approach for 
complex and small-batch manufacturing. This bibliometric review aims to provide a thorough understanding and 
visual representation of different research viewpoints on the ISP challenge within the framework of Industry 5.0. The 

Rank Topic Authors Publication 
Year 

Journal Appearance in 
Cluster 

GCS Normalized 
GCS* 

1 AGV Zhong [16] 2020 CIE 1,2,3,4,6 133 12,5 
2 Satellite imaging & data 

transmission  
Zhang J., Xing 
L.[18] 

2022 COR 2 and 6 22 8 

3 A constraint-based 
scheduling system  

Ham [19] 2018 TR  2 and 3 166 7,3 

4 Blockchain Zeng [20] 2023 IJPR 2,3, and 6 8 7 
5 AGV Liang [21] 2023 Mathematics 6 7 7 
6 AGV Yang [22] 2018 CIE 2,3,4,6 119 5,8 
7 Hybrid flow shop  Li [23] 2022 CJME  2,3,4,5 16 5,5 
8 Autonomous CT  Xu [24] 2021 CIE 1,2,3,4,6 29 5,3 
9 Integrate scheduling  Wang [17]  2021 AEI 1,2,3,4,5,6 27 5,3 
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Classification integrated scheduling based on keywords trend  
This research was conducted to investigate the effectiveness of the ISP and introduce a novel scheduling approach for 
complex and small-batch manufacturing. This bibliometric review aims to provide a thorough understanding and 
visual representation of different research viewpoints on the ISP challenge within the framework of Industry 5.0. The 

Rank Topic Authors Publication 
Year 

Journal Appearance in 
Cluster 

GCS Normalized 
GCS* 

1 AGV Zhong [16] 2020 CIE 1,2,3,4,6 133 12,5 
2 Satellite imaging & data 

transmission  
Zhang J., Xing 
L.[18] 

2022 COR 2 and 6 22 8 

3 A constraint-based 
scheduling system  

Ham [19] 2018 TR  2 and 3 166 7,3 

4 Blockchain Zeng [20] 2023 IJPR 2,3, and 6 8 7 
5 AGV Liang [21] 2023 Mathematics 6 7 7 
6 AGV Yang [22] 2018 CIE 2,3,4,6 119 5,8 
7 Hybrid flow shop  Li [23] 2022 CJME  2,3,4,5 16 5,5 
8 Autonomous CT  Xu [24] 2021 CIE 1,2,3,4,6 29 5,3 
9 Integrate scheduling  Wang [17]  2021 AEI 1,2,3,4,5,6 27 5,3 

6 Author name / Procedia Computer Science 00 (2024) 000–000 

articles explained the evolution of scheduling algorithms from AJSP to IS from 1993 to 2023. The key innovation of 
the paper lies in its sophisticated research methodologies, which facilitate a deep understanding and visualization of 
various approaches to integrated scheduling problems. In addition, the data visualization analysis delivered an 
unprecedented viewpoint on the interconnectedness as well as the evolving ideas for classifying integrated scheduling 
problems based on the keywords (Table 2), the most cited article (Table 3) and over a period of 10 years and mapping 
by detail area (Table 4). 

Table 4. Classification of integrated scheduling problems 
Detail Area/Research Stream Type of IS applied and references 

Integrated Scheduling for 
Manufacturing and Assembly 

Multi-flexible ISP [25], in Hybrid Flowshop and AS/RS with GA-MBO [26], ABC algorithm [27], with 
no-wait constraints [28] , complex products with tree structure [29], Ant Colony Algorithm [30], mixed 
integer linear programming (MILP) [31]. 

Plaining Scheduling Hybrid genetic algorithm and tabu search [32], for production and preventive maintenance [33], design of 
loop layout [34]. 

Assembly job shop 
scheduling 

Ensure that the completion cost, the early arrival of workers, and the training costs are as minimal as 
possible [35], for complex mechanical and electronic products assembly line [36][36], PSO and artificial 
immune [37], multi-objective dynamic, operation, and tree-structure [38]. 

Production and distribution Unrelated for parallel machines and delivery trucks [39], review [40], single products (40), multistage 
stochastic (47), Job Shop with Ant Colony Algorithm [41], MTO supply chain [42] .1/12/25 2:24:00 PM 

Control/ robotics GA ISP Low-Carbon Op. Perspective [43]. 

AVG and Machine Flexible manufacturing combine transportation and production [44], an ISP for single machines and multi-
vehicle routes [45]. 

Automated Container 
Terminal 

The Three-Stage and Improved Genetic Algorithm [46], time windows [47], Adaptive Autotuning [48],  
Hybrid GA, PSO base Fuzzy system [49], Wharf Apron [50]. 

Logistics Memetic algorithms [51], metaheuristic routing with large neighbourhood searching algorithm [52].  

Supply chain  Storm optimisation algorithm [20]. 

Energy and Carbon The EMTLBO algorithm is a multi-objective optimization algorithm by utilizing teaching and learning 
[53], vehicle [45]. 

Security Systems NSGA II [54]. 

Health 

  

Monotoring and predict failure [55], predictive maintenance [56]. 

Home healthcare [57], MOIPs [58]. 

Solution for integrated scheduling 

From Gao 2020 [29] and 2021 [59] introduce the process structure of the product studied by integrated scheduling 
is generally tree-like, usually called process tree. As it shown in (Fig. 4), the process structure in Fig. 4(a) is a flat 
structure, of which the production process only has single layer assembly operation. The process structure in Fig. 4(b) 
is a tall structure. This structure has a multi-layer assembly operation, and each layer has only one assembly operation. 
Several tall structures and flat structures form the complex structure shown in Fig. 4(c). The products in integrated 
scheduling problem are usually with complex structures.  

The square leaf node is the material or purchased parts. The square node is the assembly or component. The square 
root node is the final assembly or product. The circular node represents the operation. A process tree can only contain 
circular nodes for operations. The process tree in Fig. 4(c) contains only operation nodes for complex products. Nodes 
have arrows showing priority constraints between operations. Arrows point from high to low-priority operations. Low-
priority operations can only be done after high priority ones. The known information contained in each operation in 
the process tree can be represented in three elements group 𝛼𝛼/𝛽𝛽/𝛾𝛾, where 𝛼𝛼	indicate the name of the operation, 
𝛽𝛽	indicate the name of the machine, and 𝛾𝛾	indicate the processing information (processing time). For example, A1/M3/5 
means that it takes A1 about 5 units of processing time to be processed on machine M3. 
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Fig. 3. Diagram of process structure a) flat structure, (b) tall structure, (c) complex structure, (d) Process tree corresponding to complex 

structure in figure (a), (b), (c) [59] [29] 
 

Future Research Direction 

These results contribute to our comprehension of the progression of the Scheduling Algorithm, shifting from an 
emphasis on manufacturing transfer to contemporary research directions centered around demand. The integrated 
scheduling problem's next work direction is combining multi-objective problems and adding more encoding layers. 
Additionally, this research provides valuable perspectives for policymakers, factory personnel, and manufacturing 
managers to make well-informed decisions (Table 5). 

Table 5. Future Research Direction 
Research Stream Future Research Direction 

Production and 
distribution 

The Multi Flexible Integrated Scheduling Algorithm (MFISA) can be combined with strategies for multiple 
workshops or other constraints to address an extension of the MFISP, and it can be further adapted to dynamic 
settings [22] [26]. including GA, ACO, PSO, and others, while creating more effective and efficient solutions 
for the issue[31]. [32], [40]. 

Control/ robotics Additional practical limitations will be factored in to finalize the P_QYY model, including YTs/YCs 
conflicts, storage space allocation, and the due date or readiness time of containers [43]. 

AVG and Machine A complex distribution factor, namely, taking into account the travel speed as a variable for decision-making 
or the traffic state of a roadway system, could be intriguing [45], 

Automated Container 
Terminal 

The processing duration of HGA-PSO remains quite extensive when addressing large-scale experiments, 
dynamic real-time scheduling issues [48], AI [49] 

Logistics Adding one or more heuristics to tackle larger cases, as the complexity of these issues renders exact methods 
ineffective [52].  

Supply chain  Sustainable SCS decision-making framework based on multi-supplier, multi-manufacturer, and multi-
distributor across three echelons, along with the SBSO algorithm, offers an innovative approach for supply 
chain scheduling [20]. 

Energy and Carbon Taking into account the speed of travel as a variable in decision-making or the traffic state of a roadway system 
could be intriguing [45]. 

Security Systems Taking into account the addition of diverse nodes [54] 

Health 

  

A deeper analysis of the data needed to implement the suggested model in industry operations and predictive 
maintenance could facilitate a dynamic production scheduling process that integrates maintenance [55], [56], 
[57]. 

 

5. Conclusion 

This study aimed to bring a fresh perspective on the advancements and existing status of integrated scheduling 
research. Moreover, we can better understand and describe various research viewpoints on the complex issues of IS 
in the framework of Industry 5.0. Six key themes and trends in integrated scheduling research were identified: 
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distributor across three echelons, along with the SBSO algorithm, offers an innovative approach for supply 
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Energy and Carbon Taking into account the speed of travel as a variable in decision-making or the traffic state of a roadway system 
could be intriguing [45]. 

Security Systems Taking into account the addition of diverse nodes [54] 
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A deeper analysis of the data needed to implement the suggested model in industry operations and predictive 
maintenance could facilitate a dynamic production scheduling process that integrates maintenance [55], [56], 
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5. Conclusion 

This study aimed to bring a fresh perspective on the advancements and existing status of integrated scheduling 
research. Moreover, we can better understand and describe various research viewpoints on the complex issues of IS 
in the framework of Industry 5.0. Six key themes and trends in integrated scheduling research were identified: 

8 Author name / Procedia Computer Science 00 (2024) 000–000 

manufacturing and assembly integrated scheduling, AGV, supply chain scheduling, energy and carbon, security 
systems, and health production. Moreover, this analysis offered a unique viewpoint concept to interconnect the 
literature and newly highlighted areas for further investigation. In recent years, manufacturing, IoT, and Artificial 
Intelligence based on optimization algorithms have been the primary areas of research interest. It can also deepen our 
perception of the organization's contribution to advancing manufacturing toward Industry 5.0.  
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