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1. INTRODUCTION

This analysis is developed to contribute to the future structuring of a handling system for raw materials and
finished products that includes the automation of inventory control processes, thus promoting the benefits of Industry
4.0 in the strengthening of manufacturing processes. Industry 4.0 promotes the search for the convergence of physical
and digital scenarios. This will allow materializing such convergence within manufacturing companies, considering
that, according to (Garcia Amen, 2022), the integration of machines and people is leading to an environment that
simultaneously brings together the performance of people with artificial intelligence, a scenario to which the industrial
sector is no stranger, in this regard (Ruesgas, 2019), points out that such convergence corresponds to a trend in the
supply chain, which according to (Gopireddy, 2024) has led to the achievement of high standards of operational
efficiency, automation and intelligence.

Proper inventory location and management contribute to achieving an efficient production process,
synchronizing each stage for its improvement (Fernandez-Albujar, La Rosa-Arizaga, & Flores-Perez, 2022).
Inventory handling is an important element in any manufacturing process, its proper management contributes to the
success of the production process, and therefore to the success of the whole organization. The use of artificial
intelligence algorithms in forklifts allows the automatic registration of the quantity of product in the inventory and its
location in the warehouse, considering the characteristics of the product and the conditions of its handling. To design
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an intelligent forklift, it is important to know the current state of the art to identify the advances in the field and to
recognize the existing knowledge gap in the area.

2. MATERIALS AND METHODS

The PRISMA 2020 guide (Page, et al., 2021) is used for the search, selection, evaluation and summary of
findings, in a transparent way, of scientific publications related to intelligent forklifts that allows know the current
state of the art.

A document search is performed in the Scopus database where the title, abstract and/or keywords are consulted,
using the initial search equation “intelligent forklift” which yields a total of 14 documents with publications since
1997. To broaden the search, the equation was changed to intelligent AND forklift, finding 150 records whose
behavior is presented in Figure 1.
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Figure 1. Publications by year. Source: Scopus.

There, the absence of publications in 7 years and their recent growth is highlighted, so the analysis is limited to
the last 6 years given that in 2019 there were 15 publications. The documents of the thematic areas Agricultural and
Biological Sciences, Chemical Engineering, Social Sciences, Energy, Medicine, Chemistry, Biochemistry, Genetics
and Molecular Biology, Environmental Sciences, Earth and Planetary Sciences are eliminated, limiting the study to
67 documents. The last query in Scopus was performed on 01/23/2025.

The work begins with a general characterization of the selected documents, followed by an analysis using the
software Wosviewer for the construction of bibliographic networks, then the abstracts of the documents are studied
with Voyant, and finally, the main findings are presented in a concise manner.

3. RESULTS AND DISCUSSION

Four inclusion criteria were defined: 1) to be a scientific paper published in Scopus, 2) to have been published
since 2019, 3) to comply with the determined search equation, and 4) to be part of the thematic areas: Engineering,
Computer Science, Mathematics, Physics and Astronomy, Materials Science and/or Decision Sciences. Figure 2.
shows the flow chart of the document selection process.

Overall, 25 scientific articles, 1 book chapter, 37 conference proceedings, 3 conference reviews and 1 review are
included. The papers together have been cited in 210 articles, 67 conference papers and 10 review papers.

With the bibliographic data of the 67 papers that simultaneously met the defined inclusion criteria, using
Wosviewer, the networks presented and analyzed below were constructed.

Espitia-Cubillos, A. et al. (2025) 10



DOI: 10.53591/easi.v4i2.2602 ISSN-e 2953-6634
ISSN Print: 3073-1526

Documents identified in the

Scopus database with the g 3 s T
Identification search equation “intelligent = LB)oc,du]l:lug;:, ubrl‘itzfu)i\;;d(ni%;gon filtering:
AND  forklift:  Database RS
(n=150)
Excluded documents by area of knowledge:
Filtering Documents retrieved to decide » ,_éhgm.lllulm] and Blolluglc.a] %cu:nccs:.é ial
ligibility: (n=68) “hemica Engineering”, ocia
¢ . Sciences”, “Energy”, “Medicine”,
“Chemistry”, “Biochemistry, Genetic and
Molecular Biology™, “Environmental
a Sciences”, “Earth and Planetary Sciences”
Inclusion Studies included in the review:

(n=67)

Figure 2. Selection procedure of documents to be studied. Source: (Page, et al., 2021).

Figure 3 shows the co-authorship graph of the selected papers. Figure 3 presents the absence of collaboration
among researchers, however, authors such as (Ho & Ulfitria, 2022) who develop an anti-lock braking system for
autonomous vehicles to prevent accidents in heavy trucks and forklifts; (Liu, Liang, & Pan, 2022) develop an
automatic system using intelligent forklifts that autonomously check parking spaces and move with precision without
obstacles; (Arfianto, et al, 2019) propose a flexible LED light system that moves with forklifts minimizing accidents;
(Li, Xu, Peng, Wang, & Huang, 2022) design an algorithm applied in intelligent forklifts to identify goods in boxes;
(Aksjonov, Nedoma, Vodovozov, Raud, & Petlenkov, 2019) focus on cruise control systems for electric vehicles on
the road, tracking and performing controller adjustments directly in the driving process.
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Figure 3. Co-authorship graph. Source: Authors adapted from Wosviewer.
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Figure 4 shows the Cooccurrence network of keywords when they appear in more than five documents. Figure
4 displays three keyword co-occurrence clusters represented in green, red and blue, the relationship is symbolized in
the network by means of the arcs. The green cluster has as node “vehicles with automatic guidance” and additionally
groups the concepts: autonomous vehicles, intelligent robots, mobile robots and automatically guided vehicles. The
red cluster whose node is “material handling equipment” also integrates the keywords: current, warehouses, intelligent
systems, warehouse management and object management. Finally, the blue cluster whose node is the keyword “route
planning” is also made up of intelligent vehicles on tracks and motion planning.
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Figure 4. Co-authorship graph. Source: Authors adapted from Wosviewer.

Figure 5 shows the graph of document citation behavior. Figure 5 illustrates the most cited papers, where (Wu,
et al., 2022) proposes a dynamic hybrid route planning algorithm with 67 citations. (Zhao, et al, 2020) employ a
forklift with a radio frequency and ultra-wideband identification system to determine merchandise information, a
paper cited 59 times in other works. Also (Cai, Song, Duan, Xia, & Wei, 2022) proposes a multi-scale bi-directional
attention neural network to identify forklift pallets and improve storage and transportation paper cited 36 times. The
lecture by (Limeira, Piardi, Kalempa, De Oliveira, & Leitao, 2019) presents the WsBot robot with autonomous and
intelligent behaviors and forklift-like features and is cited 23 times.

Espitia-Cubillos, A. et al. (2025) 12



DOI: 10.53591/easi.v4i2.2602 ISSN-e 2953-6634
ISSN Print: 3073-1526

chois.y.: jeding hru. (2022 ehol 1y jeding h rupark (2022)
yang 2.2 wang h.; wang | caow,; du 1(2021)

lhmaly 2 : peagh,: vedoyo

ile.; ruan g, llu y.; wang {
< ¥ 9 zho k.3 yang ji: 2hao ¢ ; ckenk

$Ahuk; Ny : wang h, xio

aksjonov @, nedoma p, vodovo
molter. r.ratner.j.(2021)

annyuhent.;imackus ; wang f

enilj ki.mpengd. M lun lo.e., linw. armng f. (2021)
ASSADGON [ § Mateun @ 230 Bng ¢ hujhruj.sany.” vang
wu b.; chi x.; zhao ¢.; zhang linr. huahgaq h.j. wag f. (2021)

anenmaus. (2019): aoncwms (2019)

schenack ci Palesiwack g
jnr: su. bainnes d. (2021)

S o maches pelnann ilig.; inr. lum.; sunn.
2 i, Penangau. bulalnsiiaks wang £, whh &
limeria m.; piardiI.; kalem
blumal k; kuil, menu. (2021)
e aivul v pond (b (20290 peshicer ahels & rhang &

cai W.; song y_; duan h‘: Xia jimaremi, limuma h.eu, yoshimt

franke 1. (2021)

cal va.; zhang h.; sun n., (2020

yu €. zhang h. park i (2021} ballamajulu ru; Ii.; sahi f
vorasawadik.parkm; kime.,  beflamajalu kil m. sahni f

vona{wadh agea i 2 e C.

Figure 5. Document citation network. Source: Authors using Wosviewer.

Figure 6 shows the graph representing citation of documents originating in different countries. The topic is
addressed in papers cited by authors from the countries shown in Figure 6, China stands out with papers such as the
one by (Ren, et al, 2022) who present an intelligent system for precision load transfer for pallet docking, followed by
Germany with works such as the one by (Schreck, Reichert, Hetzel, Doll, & Sick, 2023) where a technique for free
space estimation for the displacement of autonomous forklifts is presented. Then Japan with research such as that of
(Chew, et al, 2019) where they present a human-machine interaction for a virtual environment evaluating interactions
with a forklift. Finally, the United States has as an example the work presented by (Ballamajalu, et al, 2020) where
they propose a dynamic path planner algorithm for mobile robots as forklifts. Although there is no relationship
between countries, the graph indicates the volume of papers related to the topic.
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Figure 6. Country citation graph. Source: Authors adapted from Wosviewer.

While Figure 7 represents bibliographic pairing, there are connections of 6 referenced documents among the
authors.
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Figure 7. Authors' Bibliographic Pairing Network. Source: Authors adapted from Wosviewer.

And Figure 8 shows the connection and relationship between the 3 organizations of the network, where the arcs
denote the relationship between them and collaborative work.
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Figure 8. Bibliographic matching network of organizations. Source: Authors adapted from Wosviewer.

The abstracts of the 67 documents underwent a content analysis with the tools available on the web page
https://voyant-tools.org/. A total of 13,400 words were studied, with a vocabulary density of 0.193, a readability index
of 16.389, and an average of 25.8 words per sentence. The cloud in Figure 9 shows the 100 most used words in the
document abstracts, where the following stand out: forklift (100); smart (90); warchouse (64); based (62); method

(61).
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Figure 9. Word cloud of the summaries. Source: Authors using Voyant.
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Finally, the connection between the most used words in the document abstracts (identified in Figure 9) is shown
in Figure 10, where the concepts of storage, forklift and smart are the main elements.
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Figure 10. Relationship between the most used words in the abstracts. Source: Authors using Voyant.

The use of artificial intelligence is common around study under consideration. However, the inclusion of
algorithms that provide vision to the forklift and allow it to navigate and operate with the environment with autonomy
opens an opportunity for future work with the application of network architecture such as YOLO (Qureshi, et al, 2024)
or ViT based on transformer networks (Dosovitskiy, et al, 2021) (Touvron, Cord, EI-Nouby, Verbeek, & Jégou, 2022).
Lo que puede ser complementado con aplicaciones de celular como la presentada por (Espitia-Cubillos, Vargas
Duanca, and Jiménez-Moreno, 2025) para el control del prototipo de montacargas giratorio orientado a industria 5.0.
When designing joint human-smart forklift actuation scenarios, it is important to make indoor spaces have a better
convergence between the physical and digital worlds so that technological devices fit together properly (Carmosino,
et al, 2021).

CONCLUSIONS

The analysis of the information presented leads to the conclusion that there is a lack of collaborative work
between different authors, organizations and countries with respect to intelligent forklifts.

Currently, the forklift is conceived as equipment that allows the handling of materials in warehouses, facilitating
their management with intelligent systems. The main advances are presented in guided forklifts that can be
autonomous, intelligent robots, mobile robots and automatically guided vehicles. Work has also been done on the
routing and planning of intelligent forklift movements. This shows that it is possible to achieve convergence between
the physical and digital worlds in manufacturing companies that use intelligent forklifts to contribute to better results
in terms of efficiency thanks to automation supported by artificial intelligence algorithms.
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