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Abstract.

Research background: Artificial intelligence is a term that is now known
to almost everyone and is among the trends and innovations of Industry 4.0
for 2020. It is a much-discussed topic in the field of technology. Artificial
intelligence and machine training are the driving forces across different
industries. In many cases, artificial intelligence helps people in their work
and simplifies it or even completely replaces the human workforce.
Purpose of the article: The purpose of the article is to state how artificial
intelligence can affect and solve existing problems in last mile delivery.
For example, inefficiency is a major problem with last mile delivery
because the last section of delivery usually involves a number of short-
distance stops. However, a long waiting time for the customer to deliver
the goods or incorrect allocation of resources and vehicles to the required
areas can also be a problem. And it is artificial intelligence that should help
solve such problems.

Methods: Comparison, Empirical and retrospective analysis are used
within the analysis of different modes of last-mile delivery.

Findings & Value added: The research results shows the ways in which
artificial intelligence can help solve problems in last mile delivery.
Examples include The Vehicle Routing optimization (VRO), which aims to
calculate the most optimal delivery route or artificial intelligence
technology, which is used to interpret various events, manage data, and
apply predictive intelligence.
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JEL Classification: O3/, 032; 033
1 Introduction

1.1 Logistic of “last mile”

The final part of the supply chain — ,,last mile” of transport of a particular product to the
final customer or to a particular point of sale, is often referred to as the most important
element of the process of processing all orders. Distribution of orders for this ,,last mile” is
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the most important logistics process. Last mile logistics refers to this part of transit in
supply chains, where the goods are delivered from the last point of transit to the end point
or the place of delivery. It represents a part of logistics, which includes the direction of
vehicles to physical distribution and thus plays a crucial role in ensuring the delivery of
goods, in the right quantity and within predetermined deadlines, to customers. [1, 2, 3]

In many cases, logistics providers, face many challenges and problems in overcoming
the last mile. Such challenges include: high order fulfillment costs for high price sensitive
customers, strong competitive external pressure on free delivery services, increased
customer expectations due to short delivery times, individually scheduled delivery times,
the ability to track and customize specific shipments along with the possibility of choosing
an alternative place of delivery of consignments as well as a large number of unsuccessful
attempts to deliver or return products. The issues examined within the area of last mile
transport of goods and cargo further include: review of delivery strategies, delivery options,
environmental impacts and humanitarian aid. [1, 2]

The logistics industry is coping with many challenges and problems at the same time,
and this is forcing the industry, in addition to developing innovations, to solve things in
new ways. Logistics service innovations apply to basic as well as complex logistics
services. Specific examples of logistics innovations in recent decades include: electronic
data interchange (EDI), cross-docking, radio frequency identification (RFID) and joint
planning, forecasting and supplementation (CPFR). However, new innovations, models and
concepts are also being implemented specifically as part of last mile delivery. The rapid
growth and development of cities forces the optimization of distribution processes through
efficient last mile logistics models. The development of urban logistics vehicles (ULV)
with low fuel consumption and high efficiency is expected. In addition, the ever-increasing
volume of packages that need to be delivered to end customers every day has meant that
many new last mile concepts have been introduced in recent years. The reason for which
these new concepts were introduced was caused by the trend of increasing number of
orders, which have a negative impact on the environment and safety, as more and more
vans are needed to cover the last mile towards the customer. New last mile concepts
include: deliveries using drones or small ground autonomous robots launched from trucks,
distribution of goods by electric vehicles, deliveries to the trunk of parked cars, combined
distribution of freight transport with public and private vehicles, reverse logistics,
crowdsourcing of deliveries or mobile lockable cabinets. [4, 5, 6]

With the growing digitalization of the logistics industry, more and more companies are
also starting to use artificial intelligence. They use it in their logistics and supply chain to
reduce the amount of time and money they have to spend on finding out how, when and
where to deliver a good or service. [7]

1.2 Artificial intelligence

The long process of automation of various business processes resulted in the introduction of
artificial intelligence. This technology has made it possible to increase productivity and
support economic growth. Artificial intelligence (Al) is an intelligence, which performs
automated manual work of intelligent machines that can function like humans in certain
respects. If we take into account the human perspective Al is also a simulation of human
intelligence by machines programmed to think like humans. These machines have to be
able to perform cognitive functions similar to human intelligence to mimic human actions.
However, it is also a designation that can be used with any machine that exhibits
characteristics associated with the human mind, such as learning or problem solving. Key
parts of the concept of Al consider the abilities of rationalization and action, that the
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greatest chance of achieving a specific goal, as an ideal characteristic associated with Al
(8, 9]

There are two directions of Al research. The first is a technical one. Technical direction
follows new methods, architectures and technologies that make it possible to constantly
improve and refine Al and push the overall boundaries of machine intelligence. The second
one focuses on issues related to implementation of Al technology. Thanks to this research
dedicated to implementation of Al, the human understanding of how people can make the
best use of Al in the socio-technical world, in which this technology must work, is
broadened. In the case of Al, there are several different forms of learning. The simplest way
is learning based on the trial and error. An example can be the application of past
experience to analogous new situations. [10, 11]

Al technology can be applied in various industries. Commonly the Al is being tested
and used in the medical industry. Other examples of machines that use Al include
computers that play chess or computers that autonomously drive cars and other vehicles.
Each of these machines must consider the consequences of all its actions, because each of
them has an impact on the final output. For example, in the case of autonomous vehicles,
the computer system takes into account all received external data and at the same time
calculates them so that the whole system works without causing a collision. [9]

The growth of new technologies, such as Al, various intelligent technologies,
automation and robotics, has and will have a significant impact on all aspects of human
society and economy. Many such changes will undoubtedly improve people’s life, but the
overall nature of the expected impact of the digital revolution on people’s work and
employment is controversial. For example, a reduction in labor demands significant
qualitative changes in the skills provided by the workforce. Nevertheless, Al technologies
provide great opportunities for new products, new services and productivity improvements.
New technologies that are tied to Al will eventually become an essential part of businesses
and entire economies. In the case of Al, progress is constantly being made because these
systems are able to learn and improve. They make much more accurate predictions and are
able to perform tasks such as navigation, which until recently was the exclusive domain of
people’s expertise. [12, 13]

2 Methodology

The main goal of this article is to identify and analyze how Al helps and solves last mile
delivery problems and how this process helps to make it more efficient. To achieve this
goal, it was necessary to use methods such as comparison, empirical and retrospective
analysis of secondary sources that deal with this topic.

Empirical analysis, or otherwise empirical research, is research that is based on
experience. Specifically, it is the collection of primary or secondary data by specific
researchers. For the purpose of this article, secondary data dealing with the topic of Al and
its primary use in the field of last mile delivery were analyzed. Some of the data were
already included in the article on the basis of previous experience with the researched topic.
The sources analyzed were mainly articles and contributions from the Internet, which deal
with the topic of current innovations in the field of last mile delivery. From these articles,
that were examined, those were selected that spoke specifically about the use of Al in last
mile delivery. There were a number of sources on the Internet that talked about last-mile
delivery innovations. It is a topic that changes every year. New problems and challenges
arise, as well as new ways, methods and technologies that allow them to be solved. The
number of Internet resources dealing with this topic has been increasing in recent years. In
addition to Internet resources, contributions and scientific articles from the Web of Science
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database dealing with the topic were also analyzed, but their number was significantly
lower compared to Internet resources, that were used.

Retrospective analysis, or otherwise retrospective research, is used when the outcome of
specific events is already known. For the purposes of the article, the ways of using Al in the
field of last mile delivery were analyzed in order to determine the reasons for which
specific technologies or methods were developed. Based on these data, the theoretical part
of the article was processed. In this part, it is stated, for example, that the problems that can
be encountered when delivering to the last mile, were the deadlines for delivery of goods,
the possibility of tracing and checking orders and so on. To this end, contributions and
scientific articles from the Web of Science database dealing with the topic of the last mile
were analyzed. This is still a new issue because almost all of the cited posts were only a few
months old.

A comparison method is a method designed to search for objects that have some feature
or features in common. It is used to determine the agreement and differences between the
examined objects. For the purpose of the article, the method of comparison was used only
to compare the individual information in the analyzed sources, whether they match or are
significantly different.

In order to provide definitions of basic terms and the theoretical background of the
article, mainly scientific articles from the Web of Science database were analyzed.

The results of the article were processed on the basis of secondary research. Within it,
mainly internet sources were analyzed, which provided the information necessary to fulfill
the main goal of the article.

3 Results

Based on the analyzed data from secondary sources, this section lists some ways in which
Al is used in the field of last mile delivery and logistics. The results show, in particular, the
ways to solve the main problems of last mile delivery mentioned in the theoretical part of
this article. The individual subchapters of this chapter are divided according to the specific
use of Al in the area of last mile delivery.

The share of last mile delivery costs represents 53% of the total transport costs.
However, last mile delivery is becoming less demanding due to the use of logistics and
route planning algorithms that are powered by Al The Al in last mile delivery, in terms of
its importance:

e allows to accurately manage even the most complex set of data,

e allows the use of data systems to create data sets used to control patterns and
various phenomena,

e produces data models that focus on predictive analytics. [14]

The use of Al in last mile coordination and delivery has a positive impact on last mile
logistics. Because Al performs powerful calculations and machine learning. It tracks and
then analyzes historical trends, and predicts certain patterns based on the findings. Delivery
options could be combined with a Al performed analysis of the situation to determine,
which specific order should be processed and delivered as efficiently as possible. Al also
can help to direct supply more efficiently, which is ultimately the key to profitability. In
addition, it could help retailers and their shipping partners in particular to better predict
shipments based on the historical data, which could significantly help delivery services to
plan deliveries in advance. Thanks to this, they could better overcome the fluctuations
between the Black Friday period and the ,,dead zone”, which marks the center of February.
[15]
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3.1 The Vehicle Routing optimization

At present, the Vehicle Routing optimization (VRO) is still one of the important topics
which, if more examined, could be used to reduce environmental pollution. The VRO is
represented by many Al applications, with the aim of designing the lowest cost routes to
meet customer demand, including the solution of the shortest route problem, the traveling
salesman problem and the driving problem. The complexity of all operations varies
according to specific customers. The main essence of VRO is to calculate a route under
specific conditions, which ultimately minimizes the total cost of transport, by reducing, for
example, the total distance traveled, the number of vehicles used or the total time of
transport. [7, 16, 17]

VRO help reduce the cost of last mile services by optimizing routes and allocating
resources. The resulting savings can be significant because more than half of the costs
associated with a typical logistics company are covered in the implementation of the first or
last mile. [7]

VRO can be classified as single-vehicle and multi-vehicle. [7]

Table 1. Classification of VRO.

VRO
Single-vehicle Multi-vehicle
one vehicle with one depot more vehicles with more depots
one endpoint multiple endpoints
Finding the right order of addresses to Finding the optimal route for all vehicles with given
provide services with minimal cost. trade restrictions at minimal cost.

3.2 Last Mile Platform

Data from various sources can be used to optimize the route. This includes transport
information, traffic patterns, GPS data or weather information. Such data collection can
significantly affect fuel, personnel or other overhead costs associated with last mile
delivery. A good example of a technology that allows delivery routes to be optimized in
this way is an Al-based logistics platform called the Last Mile Platform (LaMP) developed
by the Singaporean delivery company SingPost. LaMP combines various last mile delivery
services such as couriers, collection points for brick-and-mortar stores or consignment
boxes into one universal platform, regardless of the variability of technologies used by
different courier companies. LaMP also uses Al to automate courier routes depending on a
variety of factors, including parcel delivery destinations, real-time traffic data, or weather
data. The software is also able to inform all parties involved about the movement of
couriers. This is a feature that allows customers to be notified 30 minutes before the order is
delivered that the order is almost at its destination. All the mentioned factors and
possibilities can be operated through a single screen called ,,the control tower”, which
provides comprehensive visibility connecting a number of GPS and API tracking systems.
[18, 19, 20]

3.3 Autonomous things

The trend in the field of logistics services is currently the automation of activities related to
the distribution of consignments, namely due to the growing volume of consignments



SHS Web of Conferences 92, 04011 (2021) https://doi.org/10.1051/shsconf/2021920401 1

Globalization and its Socio-Economic Consequences 2020

originating from e-commerce. Autonomous things are also a good example of the use of Al
in last mile delivery. These are physical devices that use Al to automate various tasks
previously performed by humans. However, autonomous delivery does no longer need any
human intervention during its entire process. Al and machine learning allow autonomous
delivery to be as fast and secure as possible. Many delivery companies are testing and
developing autonomous delivery facilities that provide logistics solutions that help
improvise mobility, vehicle capacity and reduce delivery time. Retailers are able to deliver
orders to customers on the same day they receive them. Examples of such autonomous
devices are robots, drones and various autonomous vehicles, ships or other devices. The
automation of these devices goes beyond the capabilities of hard-coded models. These
devices use Al to control advanced responses to more natural interactions with the
environment and humans. Autonomous vehicles will be increasingly used in the field. [21,
22, 23]

Autonomous vehicles and autonomous driving are already a very discussed topic of
today. Full autonomy, which represents the fifth level of autonomy, has not yet been
realized. Some Tesla cars can currently be switched to autopilot mode when driving on the
motorway, but this is only possible up to second level, which is driving support, or up to
third level, where such a vehicle is operated by the driver only in an emergency. [24]

Many delivery companies have already started using aerial drones that deliver the order
directly to the customer. However, certain challenges associated with the use of drones still
need to be overcome. Drones will be used primarily to deliver orders to locations that are
difficult to access. The development of aerial drones is considered to be an effective
method of securing the growing demands of customers related to the delivery of orders
directly to them. For this reason, a large increase and extension of autonomous delivery to
the last mile is expected. [21]

4 Discussion and Conclusion

New technologies strengthen the perception of companies' activities at several levels of
sustainability, which can be economic, environmental and social. They are linked to
tackling climate change, but also to the degree of trust between stakeholders.

Decisions on the implementation of the latest technologies, innovations and new
business  models concern the  solution of  open/closed, free/charged,
cooperation/competition. These decisions determine the application of new technologies
and business models in the scope and time with regard to market creation, the size and
sustainability of the ecosystem, the platform's ability to generate and exploit network
effects. [25]

These interactions are becoming particularly important in large large-scale network
systems. These include industries based on a network technology structure. The application
of new technologies in these companies increases their value and competitiveness. If the
investment in technologies is in line with the strategic direction of the company, the
conditions are created for influencing performance and overall productivity, further
innovations in products and maintaining a competitive advantage.

Technologies and software that work on the principle of Al are proving to be very
helpful in last mile delivery. They streamline the delivery of orders to customers and save
costs by optimizing the entire delivery process. Technology such as a drone can reach
places that are otherwise difficult to access. Autonomous cars, in turn, reduce delivery
times. At the same time, it is possible to see how machines and technologies are slowly
replacing people. And due to the ever-increasing demands of customers to deliver their
orders, it is to be expected that this trend will continue to grow. But the question is, how
long will human participation be needed in these technologies? In other sectors, it is
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announced that people will lose their jobs due to the introduction of new technologies and
mainly due to AI. Will this also be the case of logistics?

It is clear that new technologies and software with the support of Al will be constantly
developing. There will be more and more autonomous devices on the road and in the air. At
present, they are not yet at a level where they could function completely independently
without human intervention, but it is only a matter of time before development enters a
phase of complete autonomy. However, with full autonomy, will there be no accidents?
Will there be no damage that will cause more problems than benefits?

In addition to autonomous vehicles and equipment, more and more new technologies
and applications are being used in the field of last mile delivery, which are created
primarily to optimize delivery routes, reduce the cost of the delivery process as well as
reduce the number of deliverers and the like. Examples include Vehicle Routing
optimization (VRO) applications and the Last Mile Logistics Platform (LaMP), which
combines various last mile delivery services. Again, these are the concepts that are
gradually replacing people's activities, such as delivery route planning.

In general, it can be argued that Al-based technologies simplify and streamline a
number of last mile delivery activities and operations, but at the same time pose a certain
threat to the jobs of people whose activities are able to replace.

This contribution was supported by the project VEGA 1/0152/18 Business models and platforms in
digital space.
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