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ABSTRACT

In this study, we present the development of using artificial intelligence and robotic technologies in the logistics sector and
differences of the change created by such technologies. We identified the most correct predictions pertaining to the future

of logistics by comparing the results of studies with our findings. To analyze this change, the developments observed in the
logistics perspective synthesized by doing research through the conceptual approach and literature review model and then,

the impacts experienced in the logistics sector identified with findings obtained from the analyses. Within the framework,
of the conceptual approach; the types of robotic and developments created with the impact of the industrial revolution,

changes experienced in transition from industry 4.0 to industry 5.0 in the logistics and technology-provider specification of
the industry 5.0 were investigated. The criteria for the analyses are about the numbers of the use and sales value of the
service robots used in the logistics sector in the world by the years, differences of the regional use and savings in the labor
costs with the impact of robot investments. In this study, environmental data analyzed; CO, emission reduction amounts
and diesel savings in highway, intermodal, emission reduction and diesel savings options in 2014 — 2020, and savings
calculation tactic is applied. This study allows unique predictions to be obtain through the analysis of the impacts in
different stages of the robotic logistics sector in terms of the ability of the robotic technologies to offer important benefits
and propose utilization for the future.

Keywords: Logistics, A1, Robotic, Logistics 4.0/5.0, Intermodal Transportation.

INTRODUCTION

With the development of artificial intelligence and robotic technologies in the world, the most
important way for businesses to increase the logistics service and quality is recognize as the
impacts of the fourth industrial revolution covering the cyber-physical systems (CFS) and
internet of things (IoT) thanks to the Industry 4.0. Thanks to such technologies, robots are enable
to collaborate with each other and people and the service process is facilitate. For the purpose of
comprehending this change process, information is given about the utilization process of the
technologies included in the scope of the artificial intelligence and logistics robots in the logistics
and the differences originating from the utilization of such technologies are presented in this
study. In this study, details of the developments in logistics operations in the fields of network
design explained, transportation logistics, purchasing logistics, warehousing logistics, in-house
logistics and distribution logistics by examining the process of stages realized in the logistics
sector primarily with the impact of industrial revolutions.
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Developments falling into the scope of warechousing with human-like continuously operating
robots and creating most perfect operations in the global e-trade, together with the new
technologies such as unmanned vehicles, drones, a smart industry with the objective of
transporting the products to any place needed at minimum costs as soon as possible in the
logistics of our present-day included. The utilization opportunities arising from the use of robotic
technologies addressed against the adverse impacts caused by the difficulties emerging in the
logistics sector, as is in many sectors, due to the quarantine and restrictions implemented for
protected from the pandemic particularly in 2020 when COVID-19 pandemic crisis has started
and its biggest impacts experienced (Eltayeb, 2020). The requirement increasing in any stage of
the logistics in regard meeting the needs of the communities during the pandemic process entails
the creation of new solutions for delivering the requested products to the customers at the same
time. In conclusion, while the findings obtained within the scope of the impacts of the use of
artificial intelligence and robotic technologies in the logistics sector explained, it is emphasize
that in fact a better performance will be provide with the utilization of new technologies.

The word “robot" is first mentioned in the play "Universal Robots of Rossum" by the Czech writer
Karel Capek, the Czech word for robot means "roboti" or "robota" "slave worker". In fact, Karel
wanted to use the word "labor", that is, "worker". Then he did not like this word. In the game,
the production purpose of slave workers, that is, robots, is to create worker vehicles without

emotions. The great science fiction writer Isaac Asimov named the science of “robotics” used o
today. Asimov must have predicted that organized robots will overcome weak humanity. He also o
succeeded in becoming the first roboetician by publishing the law series named "3 Laws of ®, (]
Robots". According to these laws, robots cannot harm people in any way. Perhaps organized g r
robots will change our future and shape it for the better. Perhaps the perception of organized [

robots is a reflection of the organized artificial intelligence that will drive the industrial
revolutions of the future (Bakirci, 2017).

The compatibility of the technology of an organization with contemporary developments is
important for the continuity of the organization's order.

In this study, we focused on the fact that self~-managing robots in the logistics of the future will
be organize in every sector with the sixth industrial revolution. It foreseen that all organizations
aiming to use self-organizing robots should unite and submit recommendations to governments.
Among the most important sectors in this regard is the logistics platform after the military
defense field.

The study written based on the information obtained because of following the sources
announced by official institutions and private logistics companies during the very limited
COVID- 19 pandemic period, and based on the re-analysis and evaluation of this information. In
this study, the archives of the Ministry of Health and the Ministry of Trade of the Republic of
Turkey used extensively. The subject has been extensively research based on the materials
collected by periodically following the scientific data sources of the world and Turkey. Books
and publications of scientists also used in the research. The majority of the data required for
academic work obtained according to the sources of the International Robotics Federation.

Global Impacts of Al and Robotics in Logistics Sector
Development is being experience in robotic technologies as a new industrial revolution in the
present day. The companies in different sectors are trying to adapt to the developments in
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artificial intelligence and robotic technologies in order to both reduce the costs and raise the
production level and increase productivity, quality, and competitive power (Ivanov, 2017). As
the use of artificial intelligence is move to the trade circles, the course of the work has started to
change particularly in the logistics sector. The advantages like driverless vehicles whose
utilization has started to increase in the logistics, robots used in warehousing and shelves,
providing the use of many data provide convenience in the logistics process. Revolution changes
have occurred until the present day as industrial revolutions in the logistics field (Wang, 2016);

The first revolution is the process by which transportation is mechanize. In this process,
transportation with human and animal power has ended. Trains, ships and trucks have
started to be use in railways, seaways and highways. It started in the second half of the 19th
century.

The second revolution started in the 1960s, partially mechanized with logistic equipment that
performs storage and inventory

The third revolution started in the 1980s when logistics management was systematize.
Information technologies are being used extensively in logistics management

The fourth revolution continues to evolve with the digitalization of logistics processes since
2000

@ ® The fifth revolution is under development. In this system, robots can do anything a human
can do. Robots can record the data they obtain in the cloud system. They can communicate
L) ® with each other.
d ® ® Two important factors are increasing the need for autonomous logistics solutions (IFR, 2019);

Growth of E-trade — Product distribution has highly changed and increased in the last ten
years. Currently, the products are package one by one and sent to the customers. In this field,
the distribution rate of the dispatches is extraordinarily increasing in the stage of different
packaging requirements and selling of heavier products in the businesses.

Lack of existing labor — The increase of the need for the skill exceeding the labor in the
logistics accounts for the support of the robot technology in the production and robot is a
solution tool in the logistics sector during the COVID-~19 pandemic process, which we are
witnessing.

Because of the comparison performed in the retrospective studies searching the contribution of
the robots into the annual labor productivity increase in the world (Muro & Andes, 2015);

“It is announced that the contribution of the use of steam engines into the annual increase of
the labor productivity was at a rate of 0, 34% between 1850 and 1910. On the other hand,
the use of the robots in the manufacturing increased the annual increase of the labor
productivity at a rate of 0,36% as a result of the analysis of the use of the industrial robots in
14 industries in 17 countries between 1993 and 2007, they have about the same amounts.
This rate does not seem high; however, it represents 10% of the total. In the same research, it
was demonstrated that CT revolution (computer technology) supported 0,60% of the labor
productivity increase in Europe, USA and Japan between 1995 and 2005 and this is twofold
of the amount provided by robotics”.
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Consequently, it shown that the use of robots has a positive impact on labor productivity.

Once the main application sectors in the world are examine by years within the scope of the
impacts of artificial intelligence and robotic technologies in logistics on the global economy, it
seen that the site where they are mostly used is logistic systems. The logistic sector followed by
the defense industry and site robots, respectively (Automation Magazine, IFR, 2020). Sales of
field robots were 27,800 units and defense sales were 46,700 units in the 2018 ~-2020 period.
A vast increase in the utilization of robots in the logistics sector in recent years and elevation of
sales, while it was 19.000 in 2015 increased to 189.700 in the period between 2018 and 2020
accepted as an indicator of the requirement increase in the logistics sector (IFR, 2020).

The robotic systems only used in the covered storage sites in the previous years replaced by faster
technologies equipped with high technology and high safety and this is effective on these
outcomes. While the applications of Artificial Intelligence (Al) emerged in any field in the world,
the cooperation process of robots and labor started once the robots called collaborative robots
had been start to be use in recent years. It is expect that the market value of the robots will
further increase in the next years and it is estimate that the increasing requirement of faster
production and delivery of products at competitive prices the most important incentives
provided by artificial intelligence and robotic technologies.

Because of the studies where the use of multi~-purpose industrial robots is regionally investigate;
it is see that the highest values were realize in the Asian countries notably China, Japan and
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Korea in the world between 2015 and 2017. In the same period, Deutschland is rank at the top @

in the use of robotic technologies among the USA and European countries.

It is see that the number of industrial robot shipments in China between 2015 and 2017 is
270.556 billion dollars (Figure 1). According to the industrial strategy put into practice by the
Chinese government in 2007, it is estimate that the robotic market in the country will reach a
level of 1 million industrial robots in 2025 and it will have such a volume of 70 billion dollars
(IFR, 2020). 1t is see that the shipment figures of the industrial robots in the other regions and
countries have not reached the expected levels yet.
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Figure 1. Regional Distribution of Industrial Robots (IFR, 2020)
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It is expected that the potential of the logistic sector will increase in the global economy following
the loosening of the restrictions experienced in the global trade due to the COVID-19 pandemic
(Eltayeb ef al, 2020). In some researches based on estimations particularly for the future, the
following opinions announced regarding that because of the acceptance of the use of Industry
5.0 developed robots in the sector. It will increase the productivity up to 30 percent in many
sectors notably logistic sector, notably developed Asian countries, and will reduce the total labor
costs up to 18 percent or more until 2025.

For example, if it is assume that robots will perform 25% of all works in 25 exporter countries
in 2025, it will expected that a decrease at a rate of 16% in average would be created in the
labor costs globally (BCG, 2019);

A labor cost saving is expected to occur in South Korea at a rate of 33%, in Japan at 25% and in
China at 18% because of the robot investments (Figure 2). It is estimate that the rate of saving in
the labor costs will be lower than 10 percent in the European countries excluding Deutschland
due to the robot investments, this rate will be below 1 percent in the developing countries like
India or Indonesia.
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Figure 2. Saving in Labor Costs because of Robot Investments (BCG, 2019)

The innovations such as drone deliveries are on the onset and it seems that robotics will continue
to grow within logistic applications. Industry 5.0 revolution considered as the commencement
of the equality potential in the global trade and it is define as Society 5.0 in the sense of
unmanned technologies or super-smart society.

In this system, robots can both repair, control and reprogram on their own. The robots working
in collaboration with people are the “collaborative robots” supporting the man workmanship by
accelerating labor excellence.
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The stages change in the logistics. Changes encountered in transition from Industry 4.0 to
Industry 5.0 in Logistics. Once the impacts created by the industrial revolutions in logistic
operations are evaluate in different fields of logistics, the features and importance of the Industry
5.0 process arise (Table 1).

The new stage, called the fifth stage in the industrial field, also defined as “Society 5.0” or “Super

Smart Society” (Frost & Sullivan Company, 2020).

Table 1. Detailed Impacts of Industrial on Logistic Operations

Industrial  Network Transport Purchasing Storage In-house Distribution
Revolution = Design Logistics Logistics Logistics Logistics Logistics
1 . Push 1 . .
Industry Loc'a Decentralized s Lack of Manua Time delivery
applied delivery . controlled
1.0 fleets automation process
structures process wagon
Pull delivery  Automatic Manual Order-based
Global Central or process or warehouse trolley or .
Industry . L . . delivery
applied predictive supplier- system or automatic
2.0 . process or
structures  central fleets managed warehouse guided . .
. . active delivery
inventory network vehicles
Partial or Real-time Supply . )
Autonomous . Automatic
Industry  complete and iventor chain Ground delive
3.0 global navigation mana emgnt warehouse AGVs roceg
ERP routing 3 network p
Open and Predictive Lack of AGVs o
. supply . controlled Predictive
Industry flexible  Autonomous L storage in .
. . logistics by delivery
4.0 working lorries the supply .
management . production management
area . chain .
(Big data) machinery
Receiving
Existence product in
one day
of Customer- followin
products oriented Storage with s
. . . Self- order in e~
at right routing of  Human-like o .
. Unmanned adjusting, trade, trust in
Industry time at . the supply and .
. vehicles, . . self- shopping and
5.0 right chain continuously . .
. drones . controlling delivery
costs 1n together operating robots havin
the with smart robots . 2
needed society information
. about how the
location

delivery will
be made

Source: Unity Consulting & Innovation (Frost and Sullivan Company, 2020).
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The most important features of this stage explained as aiming to bring the human factor back to
the sector and being society-oriented technologies. As a prediction, it is expect to increase the
knowledge and skills for digitalization of the block-chain in order for the societies constituting
Society 5.0 to adapt to the change and to make use of the advantages proposed in the best
manner.

Liferature Research

The synthesis and research conducted by using the conceptual approach and literature review
method in this study. The analyses providing the comparison with the findings in the literature
and supporting the observed synthesis in the perspective of logistics performed along with the
analyses performed with criteria selected in this subject.

After general information given about the development of artificial intelligence and robotic
technologies, the development stages of the industrial revolutions in the logistics sector
examined. The social, business and technology trends described in the logistics trends by giving
information about the types of logistics. The technology providers of Industry 5.0 clarified to
obtain an opinion about the future by identifying the changes experienced in the transition from
Industry 4.0 to Industry 5.0 in the logistics sector within the framework of the technological
developments.

@ DHL Logistics explains 29 main trends, which will affect the logistics sector in the next years.

The report covers the findings obtained from a wide partner network including research
institutes, technology players, beginners and customers, as well as an extensive analysis of macro

® and micro-trends. Trends that will shape the logistics in the future such as artificial intelligence,

robotic, quantum calculation, sustainability and global mobility explained. Trends with low

impact involve evolutionary changes with incremental improvements. Trends with high impact

have revolutionary applications that are potentially disruptive. High-impact trends include

social & business trends and technology trends (DHL Logistics, 2016);

- Social & Business Trends — 4th Edition; Super Grid Logistics, Next~-Generation Security, Smart
Containerization, Sustainable Logistics, Logistics Marketplaces, Future of Work, Multi~
Sourcing, Sharing Economy, Rethinking Packaging, Omni Channel Logistics, Mass
Personalization, Fresh Chain, Silver Economy.

- Technology Trends — 5th Edition; Self-Driving Vehicles, Artificial Intelligence, 3D Printing,
Robotics & Automation, Block-chain, Unmanned Aerial Vehicles, Internet of Things, Cloud &
APIs, Generation Wireless, Quantum Computing, Digital Twins, Augmented& Virtual Reality,
Bionic Enhancement, Big Data Analytics.

- Data obtained because of the study conducted by DHL demonstrate that the COVID-19
pandemic has facilitated the future of digital and automation in the logistics sector and the
following future predictions explained (DHL and Wilding, 2020);

- The leaders of the supply chain are shifting from the supply era for the cost to the supply
period for durability,

- Changes in the consumer behavior require adjustments in the transportation flow and
warechouse networks,

- New working styles will impair the traditional processes and will bring a new acceleration in
digitalization and automation attempts.
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The findings obtained in the literature related to robot applications used in the logistics sector

shown in Table 2.

Table 2. Literature about Robot Applications in Logistics Sector
Authors Year  Method  Title of the Study Predictions
In this study, it is show that the coordination of
J. Wan Smart Logistic operations with 10T technology would be
‘M Kg’ Service System productive for increasing customer
o Conceptual  for Developing satisfaction. It is propose that better
Lim, Y. 2020 : . .
Zhan. X Approach Transfer performance displayed with IoT-based logistic
War; ' Operations in distribution providing connection between
3 [0T Environment customers, order-taking robots and cloud
technology.
Use of Artificial
O.H. Chi, Conceptual Irlltell.1gence. In the stuply, the publications related to the use
G Avproach Device in Service of subjects such as Al technology, system
Den’;on pin d Delivery: A planning of this technology, algorithms, voice
202 . Systematic recognition, and psychological information in [ )
and D. Literature . . . ; . .
. Review, different fields reviewed. It is emphasize that @
Gursoy Review . . . .
Synthesis and the previous Al is the starting stage. ® °
Research Agenda
® [ ]
It is note that industry 5.0 presented as society-~ *
oriented unmanned Technologies and this
stage aims to take the human factor to the
Industry 5.0 production s.1te. Through Industry 4.0, it was
L only provide to collect the usage data of
Bringing
products, to follow the usage models and
Empowered . .
transmit to observer. However, there was built-
Humans Back to oo . . .
in limited actionable intelligence for these.
Frost & the Shop Floor
Sullivan Industry 5.0 products supported by fast
connection cam optimize their performances
The Industry 5.0 - . . .
Conceptual and provide maximum productivity
Growth 2020 Starts the process o
. Approach . . throughout the lifetime of the product. Roles
Pipeline of using trained . . .
. such as machinery maintenance and quality
Company manpower in the . . .
field of assurance will combine in the plant operations
and will become a single work. This will

production with . .
. require employees to be train in numerous and
humanoid robots . .
doine hea various work roles. Industry 5.0 is a model of
& teavy the next industrialization level characterized
work }
by smart supply chains and hyper-
privatization where a qualified labor force
used in production in plants once human-like
robots take the place of labor in heavy works.
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Once the different impacts observed in transportation, purchasing, warchousing, and in house
and distribution logistic stages of the industrial revolutions oriented the use of artificial
intelligence and robotic technologies in the logistic sector in the world. Literature about the
development of the logistic operations between 2019 and 2020 findings obtained from these
studies examined, the correct predictions for the future emerge.

MATERIALS AND METHODS

In the study, a sampling design and more specifically purposeful sampling were use.

An example of saving with the use of artificial infelligence in the logistics industry - Savings
Calculation in Intermodal Transportation (Ekol Logistics, 2021);

Savings Calculation Method: The intermodal transportation solution offered by the logistics
company developed to provide an environment-friendly alternative. The utilization of this mode
of transportation directs the majority of cargoes to maritime and railway transportation from
the usual heavy lifter, road transportation.

The fuel consumed and CO: emitted for each trip on sea and railway transportation compared
with the figures to identify the using time of road transportation, and the savings achieved
reported. The calculations to determine savings based on the emission figures of trucks
compliant with Euro 5 standards. Within this framework, the average fuel consumption figure

® for Logistics Company’s vehicles are 0.32 liters of diesel and 1.1 kg of COzemission per
@Xkilometer covered with a full trailer.

® ® Calculation Formula

Savings (CO2; Diesel) = [Consumption Road (CO2; Diesel) - Consumption
Intermodal (CO2; Diesel)]
= [Number of Trips in. X Trip Distance x Average 1)
Consumption per km (COz2; Diesel)] —
[Number of Trips mt. X per Trip (COz; Diesel)]

Environmental Data; The logistics company, reduces the mileage on road with its intermodal

solution created by combining railroad, land and maritime transportation and minimizes the

carbon dioxide, hydrocarbon, particle and nitrogen emission. This is an important

environmentalist approach. It is aim to leave a better world for the next generations the energy-

saving measurement results are announced by the logistics company with the artificial

intelligence meter used.

COz emission reduction and diesel savings in January 2020;

- COz emission reduction (Kg): road — 16.750.992 kg, intermodal — 11.512.667 kg and
emission reduction — 5.238.326 kg,

- Diesel savings (Liter): road — 6.575.171 liter, intermodal — 2.605.777 liter and emission
reduction — 3.969.394 liter.

The logistics company announces the energy-saving measurement results with the artificial
intelligence meter used in Table 3.
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Table 3. Carbon Dioxide Emission Reduction (Kg) and Diesel Savings (Liter) in 2014 — 2019

Carbon Dioxide Emission Reduction in 2014 — 2019 (Kg)
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Resource: Created by the author, with data disclosed by the logistics company (Ekol Logistics, 2020)

RESULTS AND DISCUSSION

- According to the energy saving measurement results with the artificial intelligence meter
used, it is determined that the level of saving is higher in intermodal applications.

- The calculations to determine savings based on the emission figures of trucks compliant with
Euro 5 standards. Within this framework, average fuel consumption for Ekol’s vehicles is 0.32
liters of diesel and 1.1 kg of COz emission per kilometer covered with a full trailer. The
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counter on the home page provides the reflection of the instant amount in the current year
calculated in proportion to the previous years.

- Primarily, the use of automation systems in the world finds more areas of application in the
logistics sector every passing day. It is understand that the use of artificial intelligence and
robotic technologies only in the storage areas is not adequate in the logistic operations during
Industry 4.0 process.

- The requirement of making the logistics operations in production departments traceable and
manageable is becoming prevalent. It is see that logistics have become the main usage site in
the use of service robots and AGV systems constitute the most important share.

- AGV systems are used a digital application field in the plant logistics in Industry 4.0 process.
The use of AGV systems combining the strategies, which have higher technological
specifications, are secured, fast and have high maneuver capability, is accelerated.

- The goals of making the operations interconnected for which separate solutions were
previously implement only in logistic and production sites and achieving a fully automatic
intralogistics process, become compulsory for businesses.

- It is foreseen that the expectations of making the logistic operations best may be covered by
the systems managed with fleet traffic management and navigation software, supported by
drones, human-like collaborative robots and 5G technologies where it is shifted from supply
chain to developed block-chain.

CONCLUSION

In this study, the developments provided by artificial intelligence and robotic processes in logistic
operations were primarily described by giving information about the stages up to the present
day starting from the changes experienced in the logistics sector with the impact of the industrial
revolutions. For this purpose, types of artificial intelligence applications used and types of robots
introduced. Because, of the synthesis, the analyses clarifying the state of the logistics in the past,
present and future were conducted for the purpose of assessing the impacts observed in the
perspective of logistics. Through these analyses, it is attempt to identify the utilization
opportunities created in the logistic operations. Information shortly given about the status of the
logistic industry presented in a faster way due to the COVID-19 pandemic crisis being
experience in the world. In conclusion, it is see that super-smart society process started and the
fact that the requirement felt for the artificial intelligence support has increased insofar as it
never used in robotic technology. It is understand that Industry 5.0 has entered process
depending on the fact that societies have to provide their all needs with digital possibilities
starting from the basic needs after the restrictions was being implemented due to pandemic in
this field. It is foresee that the concerns regarding the elimination of labor and some professions
removed with proper strategies in the process of using artificial intelligence and robotic
technologies in the industry. It is seen that while the removal of the need for labor is not expected
as well as the reduction of costs in terms of businesses, on the contrary, the way of providing
production that is more productive and service by means of “robot power — manpower”
collaboration will be paved. It is envisage that the industrial revolutions where it is target to
employ people in easier works like only pushing a button and providing the necessary
monitoring and control required being support because there are both heavy and risky works
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for the human workers among the disappearing professions. With an exemplary analysis;
Energy-saving measurement results are announce by the logistics company with the artificial
intelligence meter used. Thus revealing the benefit of using artificial intelligence. According to
the energy saving measurement results with the artificial intelligence meter used, it is
determined that the level of saving is higher in intermodal applications. The fact that it is aimed
to offer the human workers the working opportunities under more humanistic conditions thanks
to the self-controlling more developed robot technology which is consistently operating, is able
to perform any work which people perform, is emphasized. In this process, it was concluded
that the use of human-like robots has almost become compulsory and the objectives of Industry
6.0 should be identified in the future depending on fast adaptation to the conditions of the
present day.
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