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Abstract: Background: in recent years, automation has emerged as a hot topic, showcasing its capacity
to perform tasks independently, without constant supervision. While automation has witnessed
substantial growth in various sectors like engineering and medicine, the logistics industry has yet to
witness an equivalent surge in research and implementation. Therefore, it becomes imperative to
explore the application of automation in logistics. Methods: this article aims to provide a systematic
analysis of the scientific literature concerning artificial intelligence (AI) and automation in logistics,
laying the groundwork for robust and relevant advancements in the field. Results: the foundation of
automation lies in cutting-edge technologies such as Al, machine learning, and deep learning, en-
abling self-problem resolution and autonomous task execution, reducing the reliance on human labor.
Consequently, the implementation of smart logistics through automation has the potential to enhance
competitiveness and minimize the margin of error. The impact of Al and robot-driven logistics on
automation in logistics is profound. Through collaborative efforts in human-robot integration (HRI),
there emerges an opportunity to develop social service robots that coexist harmoniously with humans.
This integration can lead to a revolutionary transformation in logistics operations. By exploring the
scientific literature on Al and automation in logistics, this article seeks to unravel critical insights
into the practical application of automation, thus bridging the existing research gap in the logistics
industry. Conclusions: the findings underscore the impact of artificial intelligence and robot-driven
logistics on improving operational efficiency, reducing errors, and enhancing competitiveness. The
research also provided valuable insights into the applications of various automation techniques,
including machine learning and deep learning, in the logistics domain. Hence, the study’s insights
can guide practitioners and decision makers in implementing effective automation strategies, thereby
improving overall performance and adaptability in the dynamic logistics landscape. Understanding
these foundations can pave the way for a future where automation and human expertise work hand
in hand to drive logistics toward unparalleled efficiency and success.

Keywords: logistic; automation; artificial intelligence; machine learning; deep learning; systematic
literature review

1. Introduction

Intelligent systems have significantly transformed the logistics landscape, primarily
through the adoption of automation, which has proven effective in mitigating failure and
accidents [1]. Artificial intelligence (AI) has emerged as a reliable and cost-effective so-
lution, empowering businesses to address uncertainty and efficiently manage complex
algorithms [2]. While automation has been extensively studied in computer science [3],
engineering [4], mathematics [5], and medicine [6], logistics in scientific research still
falls short when compared with these domains. To justify our previous argument, we
conducted a search on the Scopus database during the final quarter of 2023. Employing
the search term “artificial intelligence” in the title, abstract, and keywords, we observed

Logistics 2023, 7, 80. https:/ /doi.org/10.3390/logistics7040080

https:/ /www.mdpi.com/journal/logistics


https://doi.org/10.3390/logistics7040080
https://doi.org/10.3390/logistics7040080
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/logistics
https://www.mdpi.com
https://orcid.org/0000-0002-8504-0065
https://doi.org/10.3390/logistics7040080
https://www.mdpi.com/journal/logistics
https://www.mdpi.com/article/10.3390/logistics7040080?type=check_update&version=1

Logistics 2023, 7, 80

20f17

substantial representation in various academic disciplines. Specifically, the field of com-
puter sciences demonstrated the highest prevalence at 37%, followed by engineering at
16.4%, mathematics at 14%, and medicine at 5.4%. When restricting the analysis to the
most recent five-year period, a slight shift becomes apparent. During this timeframe, the
representation of “artificial intelligence” in the field of computer science amounts to 28.3%,
followed by engineering at 16.2%, medicine at 8.9%, and mathematics at 8.7%. In contrast,
the occurrence of “artificial intelligence” within disciplines such as materials science and
management was comparatively minimal, accounting for 2.1% and 1.8%, respectively. In
the last 5 years, materials science has presented 3% and management has been around 2%.
Furthermore, we expanded our investigation by incorporating dual search terms with no
time restriction. The combination of “artificial intelligence” and “engineering” yielded
45,050 manuscripts, while “artificial intelligence” and “computer sciences” resulted in
38,234 manuscripts. Similarly, the search pairing “artificial intelligence” with “medicine”
generated 13,394 manuscripts, whereas the intersection of “artificial intelligence” and “lo-
gistics” produced a relatively modest 7,333 manuscripts. Some notable studies, such as
Woschank et al. [7] research on Al in smart logistics and Iyer et al. [1] work on intelligent
transportation, have shed light on this issue. “Smart logistics” encompasses the application
of advanced technologies [8], data analysis [9], and automation [10] in the logistics domain,
aiming to optimize supply chain processes [11]. This integration involves interconnected
systems and devices enabling real-time monitoring, analysis, and decision making in logis-
tics operations [12] By utilizing automation and digital technologies, smart logistics strives
to enhance supply chain performance, visibility, and responsiveness, resulting in improved
productivity, cost efficiency, and heightened customer satisfaction [13]. Automation facili-
tates this transformation by enabling intelligent decision-making algorithms and machine
learning models that optimize routing, scheduling, and final delivery, thereby ensuring
efficient resource allocation, cost reduction, and timely delivery of goods [13]. Overall, the
incorporation of automation in logistics plays a pivotal role in the evolution of conventional
supply chains into intelligent, interconnected, data-driven systems [14] that underpin
the concept of smart logistics. In this context, several articles delve into the potential
applications of cutting-edge technologies, such as the AR/VR (augmented reality /virtual
reality) technologies within Industry 4.0. In that regard, articles such Machata et al. [15]
examine the integration of smart glasses and mobile devices to facilitate augmented reality
experiences, thereby expediting work processes and data transfers in developed nations’
manufacturing, warehousing, and transportation sectors. It is important to note that this is
a single instance illustrating the broader scope of possibilities within this domain.

However, a comprehensive understanding of the impact of automation on logistics
and its development still requires further investigation. To bridge this research gap, we
conducted a systematic literature review (SLR) to identify research deficiencies and assess
the current state of knowledge regarding automation in logistics from a holistic perspective.
This review aims to comprehend how automation is currently enhancing the logistics
industry and the ongoing developments in this field. Specifically, we address the research
question: how does automation contribute to the improvement of the logistics industry?
In this context, Al plays a pivotal role by providing systems with the critical capability
of cognition, encompassing modeling, representation, and learning of complex behaviors
and interactions within a system’s components and data. This ability enables autonomous
decision making by robots, akin to human-like intelligence. By leveraging machine learning,
operational efficiency is achieved, costs are reduced, and the work environment is enhanced,
empowering the workforce to create and implement process innovations. Additionally, we
discovered that a collaborative human-robot integration (HRI) offers the potential to create
social service robots that seamlessly coexist with humans in social settings, catering to the
genuine demands and expectations of lay experts.

Accordingly, the purview of this article predominantly centers on examining the
utilization of automation, specifically Al, machine learning, and deep learning, within the
sphere of the logistics domain. This article scrutinizes the transformative influence of these
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technologies on several dimensions of logistics operations, encompassing but not limited
to inventory management, supply chain optimization, transportation, and warehouse
automation. The primary objective of the article is to furnish a holistic comprehension
of the contemporary landscape, challenges, and prospects inherent in the assimilation of
automation into the complex web of logistics processes. Particularly, the article deliberately
abstains from studying broader subjects detached from the ambit of automation in logistics,
such as generic transportation analyses or strategies for logistics management that do not
involve automated frameworks.

The following sections of this article are organized as follows: Section 2 outlines the
methods employed in this systematic review, including the PRISMA statement (Preferred
Reporting Items for Systematic Review and Meta-Analysis Protocol), the SLR process, and
content analysis. Section 3 presents the findings from the analyses conducted. Finally,
Section 4 discusses the theoretical and managerial contributions derived from this research,
illuminating the way forward for automation in the logistics industry.

2. Materials and Methods
2.1. Search Strategy

We opted to use Elsevier Scopus as the primary database for our keyword search
due to its well-established reputation for systematically mapping and reviewing the
literature [16,17]. Notably, Scopus boasts extensive coverage of articles across various
scientific domains, including business and management, engineering, and computer sci-
ence [18]. Moreover, many researchers in the fields of automation, Al, and logistics publish
their work in this database [7,19]. Our search, conducted on 7 February 2023, involved
screening the article title, abstract, and keywords using the following search terms: “Lo-
gistic*” and “Automation” and “Artificial Intelligence”. This led to the identification of a
total of 301 manuscripts. To ensure the inclusion of only high-quality studies, we initially
considered all types of studies but limited our selection to journal articles published in the
English language. Additionally, we set a timeframe for the research studies from 2019 to
2023, as a growing trend of publications in this field was observed during these years [19].
This step was vital in capturing the most recent and relevant contributions to the domain
of automation in logistics.

2.2. PRISMA Protocol

The primary objective of this review is to conduct a thorough and comprehensive
search of published manuscripts, making an SLR the appropriate approach. One of the
primary benefits of SLRs, as outlined in the literature, is their focused and transparent ap-
proach [20]. In adherence to this principle, we adopted the PRISMA statement, enabling us
to systematically analyze the research methodology step by step. During our investigation
of the Web of Science (WoS) database, we observed that Scopus contained a significant
number of highly relevant articles within the specific research areas of interest [19]. This
fact led us to consider Scopus as our initial choice for selecting a single database. Further-
more, Scopus enjoys a widely recognized reputation as one of the most comprehensive
repositories of abstracts and citation research literature globally. Scholars have also af-
firmed that Scopus stands as one of the largest and most pertinent databases, providing a
wealth of high-quality documents pertaining to automation and logistics. While academic
search engines like Google Scholar may yield a more extensive collection of documents, our
primary goal was to focus on studies with blind peer review. In this regard, Scopus proved
to be the optimal choice, aligning with our criteria for obtaining rigorously evaluated and
reliable research. In summary, based on its comprehensiveness, relevance, and popularity
among scholars, Scopus was deemed the most suitable database for our study, ensuring a
robust and thorough examination of the automation and logistics literature. Thus, Scopus
was employed as the primary source, facilitating the collection of information pivotal to
the construction of this article’s conceptual framework. However, this did not preclude the
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utilization of supplementary supporting manuscripts from Web of Science (WoS), Google
Scholar, and various internet-based platforms as will be seen later by readers.

Figure 1 presents the initial pool of 301 manuscripts identified during the identifi-
cation phase. To ensure the inclusion of the highest quality articles, we applied a series
of filters in the review process. Initially, we excluded non-English manuscripts, as En-
glish is widely recognized as the universal language of scientific research, resulting in
291 remaining manuscripts. Next, we applied the “Journal” filter, narrowing the results
down to 123 manuscripts. Further refining the selection, we applied the “articles” filter,
which left us with 108 articles that met our criteria for high-quality studies. To capture the
most recent and relevant contributions to the field of logistics and automation, we applied
a time filter, considering only articles published between 2019 and 2023. This five-year time-
frame was chosen because it coincided with a notable upsurge in published articles in this
area. Throughout the eligibility phase, we examined all chosen manuscripts, subsequently
excluding 52 articles inaccessible to us, resulting in a final selection of 17 articles. Although
the initial search was conducted solely through Scopus, we recognized the importance of
including other articles that offered relevant contributions to our study. Consequently, the
search was expanded to 12 additional articles, resulting in a final set of 29 reviews that
met our stringent criteria for inclusion. The application of these filters and the inclusion of
relevant articles allowed us to focus on a select group of high-quality studies, providing a
comprehensive foundation for our review on the topic of logistics and automation.
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Figure 1. PRISMA Protocol.
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Hence, in our empirical investigation, the primary selection of manuscripts for analysis
in the eligibility phase comprised 17 articles. This core set was further augmented by an
additional 12 principal articles, expanding the total set to 29 articles during the inclusion
phase (n = 29). The rationale underlying the incorporation of the supplementary 12 articles
(from WoS) was to both validate and introduce diverse perspectives, thereby enhancing
the comprehensiveness of our discourse and preempting an overly restrictive view with
limited deliberation. Illustratively, within the last paragraph of Section 3, the discourse
encapsulates the viewpoints of Heinrich et al., representing a subset of the 17 initial
authors. Building upon the insights of Heinrich et al., we incorporated the contributions of
Knight, which transcended the confines of the former’s scope. This approach signifies a
comprehensive analysis rooted in the Scopus article corpus, reinforced by the inclusion of
authors during the inclusion phase, aiming to bolster or challenge the content derived from
the initial selection phase. It is essential to emphasize that the other additional manuscripts
(from Google Scholar and various internet-based platforms, e.g., private companies such as
DHL) presented in the results maintain a purely supplementary role and do not form part
of the core conceptual framework. Their function primarily revolves around providing
contextual framing and, in certain instances, presenting illustrative business cases, typified
by the inclusion of the DHL case, thus fortifying supplementary practical arguments.
This approach serves to enhance the visibility of the presented arguments and establish a
trajectory for the future empirical validation of the conceptual framework. Readers of this
article seeking comprehensive access to the complete list of articles and their specific role
in the analysis process are encouraged to reach out to the corresponding author, who will
address any inquiries regarding the article’s selection context.

2.3. Content Analysis Technique

The data under discussion in this article were synthesized employing the well-established
content analysis technique. This specific approach was selected for its capacity to offer
a comprehensive view of contemporary phenomena, particularly within qualitative re-
search methodologies [21]. This technique is recognized for its efficacy in scrutinizing non-
statistical data [22] and exploring the underlying rationales and methodologies elucidating
the “how” of the research question [23]. The application of this technique encompassed a
thorough examination of the textual corpus identified earlier, ensuring an examination of
each individual article. Throughout this process, ideas were discerned, and keywords and
phrases were systematically coded. Subsequently, this initial coding phase facilitated the
identification of overarching categories and their respective subcategories. This procedure
enabled us to discern patterns within the codes, ultimately unveiling pertinent themes and
facilitating the creation of a comprehensive map that provided an overview of the data,
thereby revealing emergent patterns and ideas. Following the completion of the mentioned
process, we revisited our methodology, cross-examining the identified keywords in the
articles to detect any disparities between the results of the content analysis and the most
salient terms attributed by the authors. Once similarities were ascertained, we progressed
to discuss the outcomes in the subsequent section, with a high degree of confidence that
the topics and sub-topics highlighted within the conceptual framework are indeed robust
and reliable.

3. Results

In this section, we will conduct an in-depth analysis of the descriptive findings related
to automation in logistics. Furthermore, we will perform a content analysis of the identified
papers to gain a comprehensive understanding of their key insights and contributions.

3.1. Artificial Intelligence

Al is a rapidly advancing field in science and engineering, focused on creating in-
telligent machines and computer programs [24]. Moreover, Al possesses the remarkable
ability to automate learning and discovery processes by processing information, allowing
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it to handle repetitive, high-volume tasks tirelessly [25]. Through successive learning
algorithms, Al is gaining knowledge about patterns and structures in its environment,
enabling it to adapt and learn from new experiences. However, there are concerns about
potential cyberattacks and biased decisions made by Al systems. To address these risks,
the European Union (EU) is encouraging companies to adopt regulatory frameworks for
innovation, while safeguarding fundamental values and rights [26]. The transportation and
logistics sector, responsible for handling valuable goods worldwide, faces challenges that
Al can help overcome. Companies like AI EdgeLabs emphasize the importance of Al in
addressing these challenges and improving logistics security [27]. Despite the benefits, Al
can also make biased decisions based on historical data. For instance, the male-dominated
logistics industry might lead to biased task assignments due to a lack of data related to
female work and capacities [28,29]. The potential of Al to enhance the customer journey
is significant, aiding product search, lead generation, and customer retention [30,31]. In
logistics, Al finds applications in inventory control, stock taking, tracking, forecasting, and
back orders, as well as internal logistics and transport processes. Companies like DHL
(Dalsey, Hillblom, and Lynn) and Sky Planner leverage Al to improve task completion time
predictions and anticipate future behavior [32]. Among various Al technologies, artificial
neural networks (ANN) are extensively used. ANN can significantly reduce inventory
levels while maintaining customer demand satisfaction probability [33,34]. Additionally,
the precision calculations of ANN help anticipate ship-related incidents [35]. The role of
Al in analyzing big data from cyber-physical systems (CPS) is also crucial for automating
processes and gaining better visibility into logistics systems [7]. CPS is known to be an
embedded system that bridges the physical and digital worlds, offering real-time data
access and processing services [36]. The cognitive abilities of Al enable it to model and learn
complex patterns, making it instrumental in facilitating large-scale CPS and empowering
autonomous decision making [37]. Moreover, the innovative cyber-physical systems devel-
oped by institutions like RMIT University aim to enhance human-machine collaboration
and build trustworthy autonomy by leveraging cutting-edge cognitive processing and
machine learning techniques [38]. These advancements have the potential to revolutionize
logistics and various other industries, enabling them to tackle complex challenges and
optimize operations. By embracing Al, while being mindful of potential biases, the logistics
sector can unlock substantial benefits in efficiency, accuracy, and decision making, paving
the way for a more robust and productive future. In the next subsection, we will explore
topics such as machine learning and deep learning, followed by a comprehensive analysis
of robot-driven logistics.

3.1.1. Machine Learning

To enhance efficiency in logistics, utilizing machine learning is a suitable and powerful
approach for analyzing various prediction and decision problems [39]. Machine learn-
ing excels in solving classes of predictions and decisions where traditional analytical or
programmatic methods may not efficiently handle domains with data-driven experiences,
thus automatically improving the overall efficiency of solutions [40]. Moreover, machine
learning can be employed to extract valuable insights [41], such as identifying rare but
significant customer needs [42].

Data-driven Al combines machine learning techniques like supervised, unsupervised,
and reinforcement learning with large-scale data analysis to identify risks and market
trends and ease traffic congestion [1]. In that regard, supervised learning involves learning
from labeled input-output data and has been extensively used in logistics, utilizing meth-
ods like multilayer perceptron artificial neural networks, gradient boosting trees, random
forest, naive Bayes, and logistic regression [43,44]. On the other hand, unsupervised learn-
ing uses non-labeled data for training, employing dimensionality reduction and clustering
to organize datasets and detect structure in the data [43,44]. For example, in logistics, unsu-
pervised learning (clusters) can be used to address challenges in intermodal transportation,
where no straightforward routes to the destination exist. Lastly, reinforcement learning
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is another valuable approach, allowing an algorithm to learn how to act in an unfamiliar
environment to maximize rewards. In logistics, reinforcement learning can be utilized to
address issues like demand uncertainty, where fluctuations caused by external factors can
lead to unexpected increases or decreases in demand [43,45].

Machine learning (ML) is providing relevant contributions in known domains, such
as the medical field. In this case, ML using recurrent neural networks (RNN) can be
applied for stroke diagnosis and tracking, leveraging their ability to recognize patterns
and sequences to predict likely scenarios [46]. In logistics, machine learning is similarly
providing relevant contributions by testing for anomaly detection, successfully producing
accurate discriminative models integrated into smart logistics management systems with
high accuracy levels [47]. For instance, predictive maintenance software utilizing machine
learning and deep learning algorithms, such as Presenso, are significantly benefiting lo-
gistics companies by optimizing maintenance processes and operational efficiencies [7].
Under-sampling machine learning models can amplify the anticipated profit of back-order
decisions [48]. Therefore, machine learning enables predicting future events, like traffic,
leading to increased operational efficiency, cost reduction, and fostering a work environ-
ment that encourages innovation and process improvements [49,50]. It also paves the way
for autonomous acting, decision-making processes, and the achievement of autonomous
configuration [51].

Overall, embracing machine learning in logistics is presenting a transformative op-
portunity, empowering businesses to make more informed decisions, improve overall
performance, and adapt swiftly to evolving challenges and opportunities in the dynamic
logistics landscape.

3.1.2. Deep Learning

Deep learning is a specialized subset of Al techniques and falls under the umbrella of
machine learning. Its primary goal is to explore the intricate layers of non-linear informa-
tion processing, enabling the analysis and classification of supervised and unsupervised
features and patterns. Both machine learning and deep learning algorithms heavily rely on
the quantity of data used for training. As machine learning algorithms approach consis-
tency with an adequate amount of training data, deep learning algorithms exhibit enhanced
performance as the volume of data increases. In the present scenario, deep learning finds
widespread applications, exemplified by Google’s voice and image recognition capabil-
ities, HBO and Amazon’s recommendation engines, Apple’s Siri, automated email, and
text reply processing, as well as chatbots [52]. Moreover, deep learning facilitates image
detection, empowering machines to identify various objects and transmit their findings to
a cloud-based server [53]. Notably, deep learning also plays a significant role in predictive
maintenance, as highlighted by Wang and Wang [54]. They discuss an array of cutting-edge
algorithms in this field, such as convolutional neural networks, deep belief networks, and
long short-term memory models. These sophisticated algorithms are considered pivotal to
the future success of companies [54].

Considering the above, the literature also discusses convolutional neural networks
(CNN), an effective classification algorithm that assigns weights and biases to distinct
objects in an image, thereby distinguishing them from one another. One of the key ad-
vantages of CNN is its reduced reliance on extensive preprocessing compared to other
classification algorithms. By utilizing relevant filters, CNN can effectively capture spatial
and temporal dependencies within an image when integrated with deep learning. Conse-
quently, it becomes adept at identifying intricate patterns in images and recognizing objects,
classes, and categories, such as lung nodules in the medical field. This application enhances
sensitivity in detection and reduces reading times [55], improving predictions [56], and
proving invaluable in medical diagnostics [57]. Convolutional neural networks (CNN)
contribute to logistics in various ways, leveraging their strengths in image recognition and
classification. Some of the keyway’s CNN enhances logistics operations including object
detection, package sorting, etc., as we will see further on.
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Computer vision stands out in the literature and employs CNN and deep learning
techniques to achieve high-speed, high-volume unsupervised learning of visual informa-
tion. This approach enables machine learning systems to interpret data much like the
human eye does, extracting valuable insights from images and videos. Thus, computer
vision aims to achieve comprehensive understanding, effectively substituting human eyes
with the capabilities of computers and cameras. This technology enables the extraction of
reliable measurements, precise tracking, and accurate recognition of visual elements. Given
the broad scope of computer vision, it can be categorized into six well-known directions
that fall under this domain: image segmentation, face recognition, object detection, image
semantic segmentation, video object segmentation, and background /foreground separa-
tion [58]. The assimilation of these technical issues of computer vision within the domain of
logistics enables the facilitation of tasks encompassing automated inventory management,
quality control, and heightened security. Through the utilization of autonomous systems
impelled by computer vision, logistical operations can attain heightened precision, aug-
mented efficiency, and substantial cost savings over an extended duration. Each of these
directions plays a significant role in extracting meaningful information from visual data,
thereby contributing to the multifaceted applications of computer vision to logistics.

Image segmentation is a vital topic in the dominion of Al, which normally involves
CNN and computer vision. It serves to segment or partition unidentified objects, espe-
cially those that are new or unfamiliar. Beyond this, image segmentation finds practical
applications in enhancing existing methods, such as duplicate photo detection and human-—
computer interaction. In certain scenarios, adopting a segmentation approach brings the
problem closer to semantic understanding. For instance, in content-based image retrieval,
breaking down each image into smaller components when uploading them to a database
allows for more refined search queries by clients. Similarly, in human-computer interac-
tion, segmenting all elements within each video frame enables more effective interactions
between the user and various persons or objects in the environment [59,60]. In logistics
systems, image segmentation plays a crucial role in precisely identifying and isolating
specific objects or items within an image. This capability offers benefits that enhance logis-
tics operations. Firstly, image segmentation enables logistics companies to automate their
inventory management processes. By identifying and delineating each item in stock, the
system can track the quantity, location, and condition of various products. This automation
streamlines inventory tracking, reduces human errors inherent in manual inventory counts,
and ensures a more accurate and up-to-date view of stock levels. Additionally, image
segmentation empowers logistics systems to recognize product attributes, such as shapes,
colors, and sizes. This enables warehouse personnel to handle a diverse range of prod-
ucts. By understanding the unique characteristics of each item, the system can effectively
categorize products, making it easier to organize and retrieve them. This optimization of
storage and retrieval processes leads to improved warehouse efficiency and quicker order
fulfillment. Overall, image segmentation is a vital component in logistics, enabling accurate
identification and isolation of specific objects or items within images. Its automation capa-
bilities contribute to more efficient inventory management, better recognition of product
attributes, and optimized utilization of storage space in warehouses. By leveraging image
segmentation, logistics companies can achieve higher operational efficiency, reduce costs,
and deliver improved services to their customers.

Another key aspect addressed in this context is face recognition, which leverages
biometric identification techniques based on human facial characteristics. In this pro-
cess, video or image data containing faces are captured with a camera, and then deep
learning is employed to extract facial recognition features. The model may also include
display constraints or post-processing to enhance accuracy. Deep learning, particularly
convolutional neural networks, is widely utilized in the field of face recognition due to
its effectiveness. Additional advancements in this area include robustness modeling of
deep learning for face pose, deep non-linear face recognition technology, and face recog-
nition in various environmental contexts [61]. These sophisticated deep learning-based
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face recognition technologies have significantly advanced the capabilities of this biometric
identification method. The contribution to facial recognition logistics lies in its potential
applications to improve security measures, which will be referred to later in the context of
video object segmentation.

Another topic addressed in the literature was object detection, a fundamental task
in image understanding and computer vision, which involves identifying specific item
categories, such as human faces, eyes, or animals within images or videos. It serves as the
cornerstone for resolving numerous complex issues, including scene understanding, picture
captioning, event detection, and activity recognition, among others. Industries spanning
consumer electronics, robotic vision, security, autonomous vehicles, and human-computer
interfaces heavily rely on object detection [62,63]. We identified two main types of object
detection challenges. The first type involves locating a particular object, like the face of a
famous actor or a renowned monument. The second type aims to identify generic objects
belonging to a certain category, such as birds, dogs, and vehicles, even if they have not
been seen before [62,63]. Object detection plays a crucial role in revolutionizing inventory
management within logistics warehouses and distribution centers. By leveraging advanced
object detection algorithms, these systems can seamlessly and automatically identify and
locate various items throughout the warehouse. This capability empowers logistics teams to
efficiently track inventory levels, closely monitor item movements, and effectively manage
their inventory in real-time. As a result, logistics operations become more streamlined,
accurate, and responsive to changing demands [64].

Image semantic segmentation, on the other hand, refers to the technique of dividing
an image into specific regions and extracting relevant targets. This process is vital for image
processing and analysis. Instead of individually classifying each pixel, image semantic
segmentation groups pixels based on their semantic relevance. For instance, a self-driving
vehicle must recognize other vehicles, pedestrians, traffic signs, pavements, and various
road elements for safe navigation [65]. Semantic segmentation of images finds valuable ap-
plications in quality control processes within the logistics industry. This powerful technique
enables the identification and categorization of defects or anomalies in products, packaging,
or shipments with remarkable precision. By employing semantic segmentation, logistics
companies can ensure that only high-quality products are dispatched to customers, signifi-
cantly reducing the occurrence of returns and customer complaints. This not only enhances
customer satisfaction but also streamlines operations and minimizes associated costs.

In video object segmentation, the foreground target and background region are seg-
mented into two groups of pixels, creating an object segmentation mask. This is a crucial
step in behavior identification and video retrieval. Additionally, object tracking is employed
to determine the location of an object within a video, proving highly valuable in intelligent
surveillance. Video object segmentation is a powerful tool that enhances surveillance and
security within logistics facilities. Accurately isolating moving objects or people in video
streams, significantly improves the ability to detect potential unauthorized access or secu-
rity breaches. This heightened vigilance ensures a safer work environment and effectively
safeguards valuable assets. By leveraging video object segmentation, logistics companies
can proactively respond to security threats and maintain a high level of protection through-
out their operations. On the contrary, the discourse concerning security in the context of
logistics also encompasses the contemplation of potential cybersecurity threats that accom-
pany the heightened integration of automation. These concerns primarily revolve around
the susceptibility of data and operational systems to malicious cyber intrusions. Therefore,
it is imperative to underscore the criticality of instituting resilient security protocols to
safeguard sensitive information and mitigate the likelihood of security breaches.

Object tracking and segmentation techniques complement each other, as accurate
object segmentation enhances object tracking, and vice versa. Instance-level object segmen-
tation is popular in video processing for tasks like object recognition, video editing, and
video compression. Video segmentation further categorizes video content into multiple
subcategories based on specific elements, such as object demarcation, movement, color,
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texture, or other visual attributes [66,67]. These advancements significantly contribute to
the sophisticated handling of video content and facilitate a wide range of applications in
various fields.

Background/foreground separation is also a powerful image segmentation technique
performed using advanced algorithms. Its applications span various fields, including
intelligent surveillance in public spaces, traffic monitoring, and industrial machine vi-
sion. In recent times, neural network-based models have been increasingly employed
for background separation tasks, revolutionizing the accuracy and efficiency of this pro-
cess. In logistics, this technique can be applied to various scenarios, including object
recognition, tracking, and inventory management. By accurately distinguishing between
foreground (objects of interest) and background, logistics systems can better understand
and process the visual information captured with cameras or sensors. This can improve
object identification, reduce errors, and optimize logistics operations, such as automated
package sorting and warehouse management. One notable application of foreground and
background separation is in enhancing the detection of non-authorized objects within
facilities using X-ray images [68]. By effectively isolating the foreground (the objects of
interest) from the background, this technique helps security personnel identify potential
threats or unauthorized items in X-ray scans more accurately and swiftly. Consequently,
it contributes significantly to bolstering security measures in sensitive environments and
critical infrastructures. In logistics, this has significant implications for security measures in
sensitive environments such as airports, seaports, and critical infrastructure. By precisely
isolating objects in the foreground from the X-ray background, security personnel can more
effectively identify potential threats or unauthorized items such as contraband, weapons,
or dangerous goods hidden in cargo or luggage. This feature enhances security checks and
helps prevent security breaches, smuggling, and illegal transport within logistics facilities.

Allin all, deep learning plays a crucial role in revolutionizing logistics, whether in the
logistics warehouse or in the outdoor context of using autonomous vehicles for making
deliveries [46]. While the potential of deep learning to facilitate automated actions is evi-
dent, it is essential to acknowledge the associated risks. The level of automation achieved
does not guarantee a flawless outcome, and there are inherent challenges that demand
careful consideration [69]. Safety, reliability, and adaptability are paramount concerns
that require addressing to ensure the successful integration of autonomous vehicles into
logistics operations. It is worth noting that deep learning, despite its immense promise,
remains an evolving field that requires further in-depth exploration of its applications. Con-
tinued research and development efforts are needed to enhance its capabilities, overcome
limitations, and maximize its positive impact on logistics. In conclusion, the integration
of deep learning into logistics, especially in the realm of warehoused and autonomous
deliveries, holds enormous potential. However, a cautious approach must be taken, con-
sidering the challenges and risks associated with automation. By dedicating efforts to
advancing the field through continuous investigation, the logistics industry can harness
the true transformative power of deep learning.

3.2. Robot-Driven Logistics

The growth of autonomous vehicles, as discussed in the previous section, has been
spurred by the exponential rise of electronic commerce (E-Commerce), leading to a signifi-
cant increase in the daily volume of goods being transported. Consequently, consumers
have developed higher expectations for deliveries, demanding speed, and convenience [70].
To meet these demands, autonomous electric distribution and delivery vehicles are revolu-
tionizing the industry by reducing human labor and enabling quicker deliveries, resulting
in a 25% to 35% increase in the number of successful deliveries. As automation becomes
more prevalent in logistics, the challenge lies in enhancing decision-making capabilities
for autonomous robot navigation, which requires complex self-optimization and self-
configuration processes [19,71]. Autonomous robots have the potential to forecast delivery
schedules for electric vehicles, leading to a significant reduction in faults and errors during
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the delivery process [70]. As this technology continues to advance, it will pave the way for
even more efficient and reliable delivery systems in the future.

Therefore, Al is playing a vital role in enhancing safety and building trust in robots [72].
Traditionally, robots were perceived as products of mechanical or electrical engineering,
adopting a bottom-up approach that prioritizes embodiment and sensorimotor functions.
However, the integration of Al with robotics has led to remarkable innovations [73]. One
area in which Al and technology have improved internal logistics is reducing errors dur-
ing product picks in warehouse stations. Utilizing Radio Frequency Identification (RFID)
technology has proven effective in mitigating these errors [74]. RFID chips, also known
as integrated circuits (ICs), store unique identifiers transmitted via radio waves to nearby
readers, making it possible to locate and track autonomous robots with ease [75]. Com-
panies like Confidex have specialized in developing RFID tags designed to withstand
chemicals, washing, and high temperatures during the manufacturing process, further
automating logistics [76]. Despite the advantages of RFID, challenges remain, including
malfunctioning tags and the time-consuming creation and maintenance of look-up tables
with geo-positions [77]. Here, computer vision offers a valuable solution as it serves as
the primary sensory system for both navigation and load detection [78]. Companies like
DHL leverage computer vision by employing cameras to capture images or videos, and Al
algorithms to analyze the data from the digital imagery. These Al systems can distinguish
between items and even learn to follow objects across various views autonomously [79]. By
combining the strengths of Al and robotics, we can continue to enhance the efficiency, relia-
bility, and safety of robotic systems, ensuring a bright future for autonomous technologies.

However, not everything is perfect in relation to humans and technologies such as
Al and robots, as risks exist. For instance, in this regard, Oliff et al. [80] emphasize that
reinforcement learning (RL) plays a crucial role in enhancing human-robot interaction,
especially in autonomous robotics operations within internal logistics, but security risks
remain a significant concern. Kiangala et al. [81] support this perspective by highlighting
RL as a valuable tool that enables robots to learn new paths and navigate complex and
unpredictable environments without prior knowledge, thus reducing potential dangers. A
collaborative approach in human-robot integration (HRI) opens possibilities for developing
social service robots that coexist harmoniously with humans in their social environments,
effectively meeting the needs and expectations of lay experts. However, designing service
robots that are relevant to human social contexts while aligning with popular media
portrayals and preparing for the future of technology poses more challenges [82].

As the number of humans in smart factories remains high, unpredictability and distur-
bances, such as data misplacement, miscommunication, and process skipping, persist. To
address this, robotic operations must adapt their behavior to accommodate variations in
human task performance [80]. Currently, robots primarily react to pure sensor information
regarding safety requirements, resulting in inadequate responses when encountering un-
expected obstacles [83]. A significant drawback is that robots fail to halt their activities in
the presence of unforeseen events or when humans approach the safety perimeter, as laser
scanners lack the necessary information, such as 3D size, distance, or direction of objects.
Implementing sensor elements like time-of-flight or radar sensors provides an effective
solution by enabling the detection of 3D environmental information [83]. Knight [84] argues
that human-robot interaction entails a balanced combination of profound comprehension
of information, mechanical capabilities, sophisticated system thinking, and the ability
to handle novel or unexpected phenomena while considering human interests. He also
notes that current robotic companies tend to prioritize the perception of perfection over
promoting open communication and collaboration within their ecosystems. Additionally,
the lack of information regarding types of robot failures and potential solutions poses a
challenge. Existing robotic fail-handling paradigms struggle to address foreseeable failures,
let alone unforeseen ones that can disrupt the human-robot ecosystem (HRE) [85]. The
graceful extensibility theory offers a framework to model, assess, and enhance the capacity
of HRE to respond to unforeseen failures. By extending the human-robotic interaction
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(HRI) to the HRE, adaptive fail-handling strategies and the social and technical enablers
to support these strategies can be identified [85]. For a summary of this section, refer to
Figure 2 below.
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Figure 2. Emerging topics of automation in logistics.

4. Conclusions
4.1. Theoretical and Managerial Contributions

This research makes significant theoretical contributions by providing novel perspec-
tives on the application of automation in logistics. While there are existing studies on
the topic, this research stands out for its unique analysis of how automation is currently
enhancing the logistics industry, offering a more comprehensive understanding compared
to the existing literature. Employing the PRISMA statement allowed us to focus our search
and highlight the most crucial themes.

Our research revealed that artificial intelligence and robot-driven logistics have a
profound impact on how automation supports logistics operations, resulting in improved
competitiveness and a reduced margin of error. The potential of automation-based solu-
tions in logistics has captured the attention of managers and practitioners across various
logistics businesses and sectors. However, due to their complexity, practitioners often
struggle to assess their practical use or gain a holistic understanding of the current land-
scape. Therefore, our aim was to bridge this gap by presenting real-world examples from
the management literature, which can serve as instructive references for both academics
and practitioners. By offering a summary of available approaches and fresh ideas for
planning and implementing automation initiatives in logistical processes, this research
equips practitioners with valuable insights to navigate the challenges and leverage the
benefits of automation effectively.

Hence, it is the contention of this research that the implications of the findings hold
wide-ranging significance and bear substantial potential for various stakeholders. Through
an extensive exposition of the underlying phenomenon, this study delineates its primary
implications and prospective benefits. In essence, our aim is to target four key cohorts.
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Firstly, among those mentioned in the previous paragraph, professionals and businesses
can gain from the acquisition of valuable insights concerning the diverse applications of
automation technologies within their operations. By leveraging these insights, enterprises
can make well-informed decisions about the assimilation of automation into their logistics
frameworks, thereby fostering enhanced performance and adaptability within the swiftly
evolving logistics landscape.

Simultaneously, scholars and researchers can embark on a trajectory akin to our
own, exploring the convergence of automation and logistics. By employing the findings,
researchers can delve deeper into the dynamics of human-robot interaction and explore
the scope for the fusion of artificial intelligence with robotic systems in the purview of
logistics processes. Alternatively, they may pursue our recommendations for prospective
research, such as the empirical validation of the conceptual framework or the adoption
of quantitative methodologies. Thus, this study lays the groundwork for more profound
analyses, whether quantitative or empirical, and sets the stage for pioneering research
endeavors that can catalyze transformative changes within the field.

Thirdly, policymakers can glean meaningful insights from this research, which can
serve as a compass for the formulation of guidelines governing the integration of automa-
tion in the logistics sector. By comprehending the potential benefits, challenges, and best
practices associated with the adoption of automation, policymakers can devise strategies
that advocate for the responsible and ethical implementation of automation technologies
in logistics operations. Addressing the ethical ramifications of automation within the
logistics sector, particularly concerning job displacement and the ethical application of Al
in decision-making procedures, holds significant importance. Consequently, advocating
for the conscientious deployment of Al and acknowledging the social repercussions of
automation on the labor force and the broader society emerges as a pivotal consideration
for policymakers.

Lastly, the general populace and consumers stand to benefit from the integration
of automation in logistics, which can engender improved service provision, expedited
deliveries, and enhanced consumer experiences. By enabling more efficient and reliable
logistics operations, automation can contribute to the punctual and accurate conveyance
of goods and services to consumers, thereby fostering greater satisfaction and cultivating
stronger customer relations. Furthermore, the study underscores the criticality of upholding
a balance between automation and human engagement, accentuating the potential for
automation to augment, rather than supplant, human labor within the logistics industry. By
underscoring the benefits, challenges, and best practices associated with the integration of
automation into logistics, this study sets the stage for future advancements and innovations
within the domain.

4.2. Research Limitations and Suggestions for Future Research

The methodologies employed in this study bear responsibility for their limitations.
Systematic reviews, while valuable, offer a moment-in-time snapshot of a specific real-
ity [86]. Consequently, despite updating scientific databases with fresh, peer-reviewed
research, the information eventually becomes outdated [87]. Our approach of limiting
the search to specific terms and using filters to select significant articles carried the risk
of omitting relevant manuscripts. Despite these acknowledged limitations, we believe
that this systematic review holds value as it provides a concise overview of the current
state of automation in logistics. It is important to acknowledge that the rapidly evolving
nature of technology and logistics means that new advancements and innovations are
continually emerging. Therefore, our study, although comprehensive within its scope,
may not capture the very latest developments in the field. To address this limitation, we
encourage researchers and practitioners to continually update and expand on our findings,
incorporating new data and insights as they emerge. The results of this study should serve
as a catalyst for further research on the application of automation in the field of logistics
within industrial enterprises. We believe that this research can lay the groundwork for
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more in-depth investigations into specific aspects of automation, such as its impact on
supply chain efficiency, cost-effectiveness, and environmental sustainability. Furthermore,
exploring human-robot interaction dynamics and the potential for integrating artificial
intelligence with robotic systems can open new avenues for optimization and innovation
in logistics processes. Moreover, the results offer industrial company practitioners a valu-
able framework for effectively implementing cutting-edge technologies. As automation
continues to revolutionize the logistics industry, organizations can utilize our findings to
be more informed and shape their automation strategies. By understanding the potential
benefits, challenges, and best practices associated with automation adoption, businesses
can proactively adapt to the changing landscape and gain a competitive advantage. In
conclusion, while this study has its limitations, we believe it helps to provide a deeper
understanding of automation in logistics. As the field continues to evolve, we encour-
age fellow researchers and industry practitioners to build upon this work, pushing the
boundaries of knowledge and innovation to unlock the full potential of automation in
revolutionizing industrial logistics. To illustrate, scholars can fortify these findings through
a quantitative/bibliometric analysis of the literature, elucidating the essential components
of logistics automation, such as the significance of each technology, frequency of citation
for individual techniques, keyword tracking, and so on. On the other hand, practitioners
can contribute by identifying recent practical cases that facilitate the empirical validation of
the conceptual framework proposed in this article. By collaboratively advancing research
in this domain, we can drive transformative changes that lead to more efficient, sustainable,
and resilient logistics operations in the modern era.

Author Contributions: Conceptualization, B.F.; methodology, B.F. and J.R.; software, ].R.; validation,
J.R.; formal analysis, B.F,; investigation, B.F. and J.R.; resources, B.F. and ].R.; data curation, B.F. and
J.R.; writing—original draft preparation, B.F.; writing—review and editing, J.R.; visualization, B.F.
and J.R; supervision, J.R.; project administration, B.F. and J.R.; funding acquisition, ].R. All authors
have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: To access the data referenced in this article, please reach out to the
corresponding author for further information.

Acknowledgments: We express our sincere gratitude for all the support extended to researchers by
ISLA-Santarém.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Iyer, L.S. Al-enabled applications towards intelligent transportation. Transp. Eng. 2021, 5, 100083. [CrossRef]

2. Chowdhury, M.; Sadek, A.W. Advantages and limitations of artificial intelligence. Artif. Intell. Appl. Crit. Transp. Issues 2012,
6, 360-375.

3.  Sudhakar, M.; Priya, R. Computer vision-based machine learning and deep learning approaches for identification of nutrient
deficiency in crops: A survey. Nat. Environ. Pollut. Technol. 2023, 22, 1387-1399. [CrossRef]

4.  Salehi, H.; Burguefio, R. Emerging artificial intelligence methods in structural engineering. Eng. Struct. 2018, 171, 170-189.
[CrossRef]

5. Jancaiik, A.; Michal, J.; Novotna, J. Using AI Chatbot for Math Tutoring. J. Educ. Cult. Soc. 2023, 14, 285-296. [CrossRef]

6. Hamet, P; Tremblay, J. Artificial intelligence in medicine. Metabolism 2017, 69, S36-540. [CrossRef]

7. Woschank, M.; Rauch, E.; Zsifkovits, H. A review of further directions for artificial intelligence, machine learning, and deep
learning in smart logistics. Sustainability 2020, 12, 3760. [CrossRef]

8.  Issaoui, Y.,; Khiat, A.; Bahnasse, A.; Ouajji, H. Smart logistics: Study of the application of blockchain technology. Procedia Comput.
Sci. 2019, 160, 266-271. [CrossRef]

9.  Jung,]; Kim, H. Big data governance for smart logistics: A value-added perspective. In Proceedings of the Conference on Internet
of Things and Smart Spaces, St. Petersburg, Russia, 2628 August 2015; Springer International Publishing: Cham, Switzerland,
2015; pp. 95-103.


https://doi.org/10.1016/j.treng.2021.100083
https://doi.org/10.46488/NEPT.2023.v22i03.025
https://doi.org/10.1016/j.engstruct.2018.05.084
https://doi.org/10.15503/jecs2023.2.285.296
https://doi.org/10.1016/j.metabol.2017.01.011
https://doi.org/10.3390/su12093760
https://doi.org/10.1016/j.procs.2019.09.467

Logistics 2023, 7, 80 15 0f 17

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.
27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Cimini, C.; Lagorio, A.; Romero, D.; Cavalieri, S.; Stahre, J. Smart logistics and the logistics operator 4.0. IFAC-PapersOnLine 2020,
53,10615-10620. [CrossRef]

Issaoui, Y.; Khiat, A.; Bahnasse, A.; Ouajji, H. Toward smart logistics: Engineering insights and emerging trends. Arch. Comput.
Methods Eng. 2021, 28, 3183-3210. [CrossRef]

Feng, B.; Ye, Q. Operations management of smart logistics: A literature review and future research. Front. Eng. Manag. 2021, 8,
344-355. [CrossRef]

Shee, H.K.; Miah, S.J.; De Vass, T. Impact of smart logistics on smart city sustainable performance: An empirical investigation. Int.
J. Logist. Manag. 2021, 32, 821-845. [CrossRef]

Nitsche, B. Exploring the Potentials of automation in logistics and supply chain management: Paving the way for autonomous
supply chains. Logistics 2021, 5, 51. [CrossRef]

Machata, S.; Chamier-Gliszczynski, N.; Krolikowski, T. Application of AR/VR Technology in Industry 4.0. Procedia Comput. Sci.
2022, 207, 2990-2998. [CrossRef]

Fahimnia, B.; Pournader, M.; Siemsen, E.; Bendoly, E.; Wang, C. Behavioral operations, and supply chain management—A review
and literature mapping. Decis. Sci. 2019, 50, 1127-1183. [CrossRef]

Pournader, M.; Kach, A ; Talluri, S. A review of the existing and emerging topics in the supply chain risk management literature.
Decis. Sci. 2020, 51, 867-919. [CrossRef] [PubMed]

Martin-Martin, A.; Orduna-Malea, E.; Thelwall, M.; Lépez-Cézar, E.D. Google Scholar, Web of Science, and Scopus: A systematic
comparison of citations in 252 subject categories. J. Informetr. 2018, 12, 1160-1177. [CrossRef]

Tsolakis, N.; Zissis, D.; Papaefthimiou, S.; Korfiatis, N. Towards Al-driven environmental sustainability: An application of
automated logistics in container port terminals. Int. J. Prod. Res. 2022, 60, 4508-4528. [CrossRef]

Tranfield, D.; Denyer, D.; Smart, P. Towards a methodology for developing evidence-informed management knowledge by means
of systematic review. Br. J. Manag. 2003, 14, 207-222. [CrossRef]

Elo, S.; Kadridinen, M.; Kanste, O.; Polkki, T.; Utriainen, K.; Kyngds, H. Qualitative content analysis: A focus on trustworthiness.
SAGE Open 2014, 4, 2158244014522633. [CrossRef]

Hsieh, H.; Shannon, S. Three approaches to qualitative content analysis. Qual. Health Res. 2005, 15, 1277-1288. [CrossRef]
[PubMed]

Graneheim, U.; Lindgren, B.; Lundman, B. Methodological challenges in qualitative content analysis: A discussion paper. Nurse
Educ. Today 2017, 56, 29-34. [CrossRef]

McCarthy, J.; Minsky, M.L.; Rochester, N.; Shannon, C.E. A proposal for the Dartmouth summer research project on artificial
intelligence, August 31, 1955. AI Mag. 2006, 27, 12.

Reebadiya, D.; Rathod, T.; Gupta, R.; Tanwar, S.; Kumar, N. Blockchain-based secure and intelligent sensing scheme for
autonomous vehicles activity tracking beyond 5g networks. Peer-to-Peer Netw. Appl. 2021, 14, 2757-2774. [CrossRef]

Matt, D.T.; Riedl, M.; Rauch, E. Die Natur als Inspiration. Z. Wirtsch. Fabr. 2020, 115, 158-161. [CrossRef]

Al EdgeLabs. Edge Cybersecurity in Transportation and Logistics. Available online: https://edgelabs.ai/industries/
transportation-and-logistics/ (accessed on 6 July 2023).

McKinsey & Company. Tackling Bias in Artificial Intelligence (and in Humans). Available online: https://www.mckinsey.com/
featured-insights/artificial-intelligence/ tackling-bias-in-artificial-intelligence-and-in-humans (accessed on 8 July 2023).

Fuel Transport. Challenging an Unconscious Bias in Logistics. Available online: https://fueltransport.com/challenging-
unconscious-bias/ (accessed on 8 July 2023).

Ai, Q; Zhang, Y.; Bi, K.; Croft, W.B. Explainable product search with a dynamic relation embedding model. ACM Trans. Inf. Syst.
TOIS 2019, 38, 4. [CrossRef]

Zdravkovi¢, M.; Panetto, H.; Weichhart, G. Al-enabled enterprise information systems for manufacturing. Enterp. Inf. Syst. 2022,
16, 668-720. [CrossRef]

DHL Research. Digital Twins in Logistics. A DHL Perspective on the Impact of Digital Twins on the Logistics Industry. Available
online: https://www.dhl.com/content/dam/dhl/global/core/documents/pdf/glo-core-digital-twins-in-logistics.pdf (accessed
on 16 March 2023).

Paul, S.K.; Azeem, A. An artificial neural network model for optimization of finished goods inventory. Int. J. Ind. Eng. Comput.
2011, 2, 431-438. [CrossRef]

Bansalk, V.S. Guptaa. Neural Networks Based Forecasting Techniques for Inventory Control Applications. Int. J. Agil. Manuf.
1998, 2, 97-102.

Ceyhun, G.C. Recent developments of artificial intelligence in business logistics: A maritime industry case. In Digital Business
Strategies in Blockchain Ecosystems: Transformational Design and Future of Global Business; Springer: Berlin/Heidelberg, Germany,
2020; pp. 343-353.

Lu, Y. Cyber physical system (CPS)-based industry 4.0: A survey. J. Ind. Integr. Manag. 2017, 2, 1750014. [CrossRef]

Oliveira, L.M.; Dias, R.; Rebello, C.M.; Martins, M.A.; Rodrigues, A.E.; Ribeiro, A.M.; Nogueira, I.B. Artificial intelligence and
cyber-physical systems: A review and perspectives for the future in the chemical industry. AI 2021, 2, 27. [CrossRef]

RMIT University. Intelligent Automation & Autonomy for Aerospace, Transport and Defence. Available online: https:/ /sites.
rmit.edu.au/cyber-physical-systems/ (accessed on 5 July 2023).


https://doi.org/10.1016/j.ifacol.2020.12.2818
https://doi.org/10.1007/s11831-020-09494-2
https://doi.org/10.1007/s42524-021-0156-2
https://doi.org/10.1108/IJLM-07-2020-0282
https://doi.org/10.3390/logistics5030051
https://doi.org/10.1016/j.procs.2022.09.357
https://doi.org/10.1111/deci.12369
https://doi.org/10.1111/deci.12470
https://www.ncbi.nlm.nih.gov/pubmed/34234385
https://doi.org/10.1016/j.joi.2018.09.002
https://doi.org/10.1080/00207543.2021.1914355
https://doi.org/10.1111/1467-8551.00375
https://doi.org/10.1177/2158244014522633
https://doi.org/10.1177/1049732305276687
https://www.ncbi.nlm.nih.gov/pubmed/16204405
https://doi.org/10.1016/j.nedt.2017.06.002
https://doi.org/10.1007/s12083-021-01073-x
https://doi.org/10.3139/104.112235
https://edgelabs.ai/industries/transportation-and-logistics/
https://edgelabs.ai/industries/transportation-and-logistics/
https://www.mckinsey.com/featured-insights/artificial-intelligence/tackling-bias-in-artificial-intelligence-and-in-humans
https://www.mckinsey.com/featured-insights/artificial-intelligence/tackling-bias-in-artificial-intelligence-and-in-humans
https://fueltransport.com/challenging-unconscious-bias/
https://fueltransport.com/challenging-unconscious-bias/
https://doi.org/10.1145/3361738
https://doi.org/10.1080/17517575.2021.1941275
https://www.dhl.com/content/dam/dhl/global/core/documents/pdf/glo-core-digital-twins-in-logistics.pdf
https://doi.org/10.5267/j.ijiec.2011.01.005
https://doi.org/10.1142/S2424862217500142
https://doi.org/10.3390/ai2030027
https://sites.rmit.edu.au/cyber-physical-systems/
https://sites.rmit.edu.au/cyber-physical-systems/

Logistics 2023, 7, 80 16 of 17

39.

40.
41.

42.

43.

44.
45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Amiri, Z.; Heidari, A.; Navimipour, N.J.; Unal, M.; Mousavi, A. Adventures in data analysis: A systematic review of Deep
Learning techniques for pattern recognition in cyber-physical-social systems. Multimed. Tools Appl. 2023, 1-65. [CrossRef]
Mitchell, TM. Machine Learning; McGraw-Hill: New York, NY, USA, 2007; Volume 1.

Heidari, A.; Navimipour, N.J.; Unal, M. Applications of ML/DL in the management of smart cities and societies based on new
trends in information technologies: A systematic literature review. Sustain. Cities Soc. 2022, 85, 104089. [CrossRef]

Seo, S.; Seo, D.; Jang, M.; Jeong, J.; Kang, P. Unusual customer response identification and visualization based on text mining and
anomaly detection. Expert Syst. Appl. 2020, 144, 113111. [CrossRef]

Singh, A.; Wiktorsson, M.; Hauge, ].B. Trends in machine learning to solve problems in logistics. Procedia CIRP 2021, 103, 67-72.1.
[CrossRef]

Russell, S.J. Artificial Intelligence a Modern Approach; Pearson Education, Inc.: London, UK, 2010.

Yoon, G.; Chow, ].Y. Contextual bandit-based sequential transit route design under demand uncertainty. Transp. Res. Rec. 2020,
2674, 613-625. [CrossRef]

Ong, C.J.; Orfanoudaki, A.; Zhang, R.; Caprasse, EP.M.; Hutch, M.; Ma, L.; Fard, D.; Balogun, O.; Miller, M.I.; Minnig, M.; et al.
Machine learning and natural language processing methods to identify ischemic stroke, acuity and location from radiology
reports. PLoS ONE 2020, 15, e0234908. [CrossRef] [PubMed]

Kerdprasop, N.; Chansilp, K.; Kerdprasop, K.; Chuaybamroong, P. Anomaly detection with machine learning technique to
support smart logistics. In Proceedings of the Computational Science and Its Applications—ICCSA 2019: 19th International
Conference, St. Petersburg, Russia, 1-4 July 2019; Proceedings, Part I. Springer International Publishing: Cham, Switzerland,
2019; pp. 461-472.

Hajek, P.; Abedin, M.Z. A profit function-maximizing inventory backorder prediction system using big data analytics. IEEE
Access 2020, 8, 58982-58994. [CrossRef]

Li, B.Y.S; Yeung, L.E; Tsang, K.F. Analysing traffic condition based on IoT technique. In Proceedings of the 2014 IEEE International
Conference on Consumer Electronics-China, Shenzhen, China, 9-13 April 2014; IEEE: New York, NY, USA, 2014; pp. 1-4.
Edelstein, R. Smarter transportation management through its. In Proceedings of the 21st World Congress on Intelligent Transport
Systems, ITSWC 2014: Reinventing Transportation in Our Connected World, Detroit, MI, USA, 7-11 September 2014; pp. 1-4.
Sanchez, M.; Exposito, E.; Aguilar, . Autonomic computing in manufacturing process coordination in industry 4.0 context. . Ind.
Inf. Integr. 2020, 19, 100159. [CrossRef]

Diez-Olivan, A.; Del Ser, ].; Galar, D.; Sierra, B. Data fusion and machine learning for industrial prognosis: Trends and perspectives
towards Industry 4.0. Inf. Fusion 2019, 50, 92-111. [CrossRef]

Subakti, H.; Jiang, ]J.R. Indoor augmented reality using deep learning for industry 4.0 smart factories. In Proceedings of the
2018 IEEE 42nd Annual Computer Software and Applications Conference (COMPSAC), Tokyo, Japan, 23-27 July 2018; IEEE:
New York, NY, USA, 2018; Volume 2, pp. 63-68.

Wang, K.; Wang, Y. How Al affects the future predictive maintenance: A primer of deep learning. In Advanced Manufacturing and
Automation; Springer: Singapore, 2018; Volume VII 7, pp. 1-9.

Liu, K;; Li, Q.; Ma, J.; Zhou, Z.; Sun, M.; Deng, Y.; Tu, W.; Wang, Y.; Fan, L.; Xia, C.; et al. Evaluating a fully automated pulmonary
nodule detection approach and its impact on radiologist performance. Radiol. Artif. Intell. 2019, 1, €180084. [CrossRef]

Causey, ].L.; Zhang, J.; Ma, S.; Jiang, B.; Qualls, ]J.A.; Politte, D.G.; Prior, F; Zhang, S.; Huang, X. Highly accurate model for
prediction of lung nodule malignancy with CT scans. Sci. Rep. 2018, 8, 9286. [CrossRef]

Ciompi, F; Chung, K.; Van Riel, S.J.; Setio, A.A.A.; Gerke, PK.; Jacobs, C.; Scholten, E.T.; Schaefer-Prokop, C.; Wille, M.M.W,;
Marchiano, A.; et al. Towards automatic pulmonary nodule management in lung cancer screening with deep learning. Sci. Rep.
2017, 7, 46479. [CrossRef] [PubMed]

Dong, S.; Wang, P.; Abbas, K. A survey on deep learning and its applications. Comput. Sci. Rev. 2021, 40, 100379. [CrossRef]
Mallik, A.; Chaudhury, S. Acquisition of multimedia ontology: An application in preservation of cultural heritage. Int. |. Multimed.
Inf. Retr. 2012, 1, 249-262. [CrossRef]

Coleman, G.B.; Andrews, H.C. Image segmentation by clustering. Proc. IEEE 1979, 67, 773-785. [CrossRef]

Huang, G.B.; Lee, H.; Learned-Miller, E. Learning hierarchical representations for face verification with convolutional deep belief
networks. In Proceedings of the 2012 IEEE Conference on Computer Vision and Pattern Recognition, Providence, RI, USA, 30
November-1 December 2012; IEEE: New York, NY, USA, 2012; pp. 2518-2525.

Fischler, M.A.; Elschlager, R.A. The representation and matching of pictorial structures. IEEE Trans. Comput. 1973, 100, 67-92.
[CrossRef]

Dai, ].; Li, Y.; He, K.; Sun, J. R-fcn: Object detection via region-based fully convolutional networks. Adv. Neural Inf. Process. Syst.
2016, 29. [CrossRef]

Alnahas, J. Application of Process Mining in Logistic Processes of Manufacturing Organizations: A Systematic Review. Sustain-
ability 2023, 15, 11783. [CrossRef]

Hoft, N.; Schulz, H.; Behnke, S. Fast semantic segmentation of RGB-D scenes with GPU-accelerated deep neural networks. In
Proceedings of the KI 2014: Advances in Artificial Intelligence: 37th Annual German Conference on Al, Stuttgart, Germany, 22-26
September 2014; Proceedings 37. Springer International Publishing: Berlin/Heidelberg, Germany, 2014; pp. 80-85.


https://doi.org/10.1007/s11042-023-16382-x
https://doi.org/10.1016/j.scs.2022.104089
https://doi.org/10.1016/j.eswa.2019.113111
https://doi.org/10.1016/j.procir.2021.10.010
https://doi.org/10.1177/0361198120917388
https://doi.org/10.1371/journal.pone.0234908
https://www.ncbi.nlm.nih.gov/pubmed/32559211
https://doi.org/10.1109/ACCESS.2020.2983118
https://doi.org/10.1016/j.jii.2020.100159
https://doi.org/10.1016/j.inffus.2018.10.005
https://doi.org/10.1148/ryai.2019180084
https://doi.org/10.1038/s41598-018-27569-w
https://doi.org/10.1038/srep46479
https://www.ncbi.nlm.nih.gov/pubmed/28422152
https://doi.org/10.1016/j.cosrev.2021.100379
https://doi.org/10.1007/s13735-012-0021-5
https://doi.org/10.1109/PROC.1979.11327
https://doi.org/10.1109/T-C.1973.223602
https://doi.org/10.1109/T-C.1973.223602
https://doi.org/10.3390/su151511783

Logistics 2023, 7, 80 17 of 17

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.
85.

86.

87.

Shin Yoon, J.; Rameau, F; Kim, J.; Lee, S.; Shin, S.; So Kweon, I. Pixel-level matching for video object segmentation using
convolutional neural networks. In Proceedings of the IEEE International Conference on Computer Vision, Venice, Italy, 22-29
October 2017; pp. 2167-2176.

Goel, V.; Weng, J.; Poupart, P. Unsupervised video object segmentation for deep reinforcement learning. Adv. Neural Inf. Process.
Syst. 2018, 31. [CrossRef]

Javed, S.; Oh, S.H.; Sobral, A.; Bouwmans, T.; Jung, S.K. OR-PCA with MRF for robust foreground detection in highly dy-
namic backgrounds. In Proceedings of the Asian Conference on Computer Vision, Singapore, 1-5 November 2014; Springer:
Berlin/Heidelberg, Germany, 2014; pp. 284-299.

Baryannis, G.; Validi, S.; Dani, S.; Antoniou, G. Supply chain risk management and artificial intelligence: State of the art and
future research directions. Int. J. Prod. Res. 2019, 57, 2179-2202. [CrossRef]

Pernestél, A.; Engholm, A.; Bemler, M.; Gidofalvi, G. How will digitalization change road freight transport? Scenarios tested in
Sweden. Sustainability 2020, 13, 304. [CrossRef]

Minovski, D.; Ahlund, C.; Mitra, K.; Zhohov, R. Defining quality of experience for the Internet of things. IT Prof. 2020, 22, 62-70.
[CrossRef]

Sado, F; Loo, CK.; Liew, W.S.; Kerzel, M.; Wermter, S. Explainable Goal-driven Agents, and Robots—A Comprehensive Review.
ACM Comput. Surv. 2023, 55, 1-41. [CrossRef]

Tussyadiah, I. A review of research into automation in tourism: Launching the Annals of Tourism Research Curated Collection
on Artificial Intelligence and Robotics in Tourism. Ann. Tour. Res. 2020, 81, 102883. [CrossRef]

Geigl, F; Moik, C.; Hintereggerz, S.; Goller, M. Using machine learning and RFID localization for advanced logistic applications.
In Proceedings of the 2017 IEEE International Conference on RFID (RFID), Phoenix, AZ, USA, 9-11 May 2017; pp. 73-74.
Pavlovié, M.; Nikoli¢, V.; Simonovié¢, M.; Mitrovi¢, V.; Ciri¢, 1. Edge detection parameter optimization based on the genetic
algorithm for rail track detection. Facta Univ. Ser. Mech. Eng. 2019, 17, 333-344. [CrossRef]

Confidex. Smart Industries. Available online: https://www.confidex.com/smart-industries /applications/logistics/ (accessed on
3 June 2023).

Senta, Y.; Kimuro, Y.; Takarabe, S.; Hasegawa, T. Machine learning approach to self-localization of mobile robots using RFID tag.
In Proceedings of the 2007 IEEE/ASME International Conference on Advanced Intelligent Mechatronics, Zurich, Switzerland, 4-7
September 2007; IEEE: New York, NY, USA, 2007; pp. 1-6.

Garibotto, G.; Masciangelo, S.; Bassino, P.; Coelho, C.; Pavan, A.; Marson, M. Industrial exploitation of computer vision in logistic
automation: Autonomous control of an intelligent forklift truck. In Proceedings of the 1998 IEEE International Conference on
Robotics and Automation (Cat. No. 98CH36146), Leuven, Belgium, 20 May 1998; IEEE: New York, NY, USA, 1998; Volume 2,
pp. 1459-1464.

DHL. Insights & Innovation. Available online: https://www.dhl.com/global-en/home/insights-and-innovation/thought-
leadership/trend-reports/computer-vision-logistics.html (accessed on 6 May 2023).

Oliff, H.; Liu, Y.; Kumar, M.; Williams, M.; Ryan, M. Reinforcement learning for facilitating human-robot interaction in manufac-
turing. J. Manuf. Syst. 2020, 56, 326-340. [CrossRef]

Kiangala, K.S.; Wang, Z. An experimental safety response mechanism for an autonomous moving robot in a smart manufacturing
environment using q-learning algorithm and speech recognition. Sensors 2022, 22, 941. [CrossRef] [PubMed]

Weiss, A.; Spiel, K. Robots Beyond Science Fiction: Mutual learning in Human-robot interaction on the way to participatory
approaches. Al Soc. 2022, 37, 501-515. [CrossRef]

Heinrich, H.; Deutschldnder, A.; Zoghlami, F; Sen, O.K. The long journey from standardization to fully fab automation and more.
IEEE Trans. Semicond. Manuf. 2019, 32, 408-414. [CrossRef]

Knight, H. How Humans Respond to Robots: Building Public Policy through Good Design; Brookings: Washington, DC, USA, 2014.
Honig, S.; Oron-Gilad, T. Expect the unexpected: Leveraging the human-robot ecosystem to handle unexpected robot failures.
Front. Robot. Al 2021, 8, 656385. [CrossRef] [PubMed]

Reis, J.; Marques, P.A.; Marques, P.C. Where are smart cities heading? A meta-review and guidelines for future research. Appl. Sci.
2022, 12, 8328. [CrossRef]

Reis, J. Politics, power, and influence: Defense industries in the post-cold war. Soc. Sci. 2021, 10, 10. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.48550/arXiv.1805.07780
https://doi.org/10.1080/00207543.2018.1530476
https://doi.org/10.3390/su13010304
https://doi.org/10.1109/MITP.2020.2968259
https://doi.org/10.1145/3564240
https://doi.org/10.1016/j.annals.2020.102883
https://doi.org/10.22190/FUME190426038P
https://www.confidex.com/smart-industries/applications/logistics/
https://www.dhl.com/global-en/home/insights-and-innovation/thought-leadership/trend-reports/computer-vision-logistics.html
https://www.dhl.com/global-en/home/insights-and-innovation/thought-leadership/trend-reports/computer-vision-logistics.html
https://doi.org/10.1016/j.jmsy.2020.06.018
https://doi.org/10.3390/s22030941
https://www.ncbi.nlm.nih.gov/pubmed/35161688
https://doi.org/10.1007/s00146-021-01209-w
https://doi.org/10.1109/TSM.2019.2945352
https://doi.org/10.3389/frobt.2021.656385
https://www.ncbi.nlm.nih.gov/pubmed/34381819
https://doi.org/10.3390/app12168328
https://doi.org/10.3390/socsci10010010

	Introduction 
	Materials and Methods 
	Search Strategy 
	PRISMA Protocol 
	Content Analysis Technique 

	Results 
	Artificial Intelligence 
	Machine Learning 
	Deep Learning 

	Robot-Driven Logistics 

	Conclusions 
	Theoretical and Managerial Contributions 
	Research Limitations and Suggestions for Future Research 

	References

