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Abstract

New technologies primarily affect the lives of all people, their habits, needs, desires, but also significantly affect
the demands placed on various business sectors. Discussions on the increasingly rapid development of technical-
technological solutions that can be applied in the postal sector and logistics have a long history. New technologies in
all areas bring a constant change in the relationship between companies and their customers, which significantly affect
the quality of work and activities. In the years to come, it will be an increasing challenge for postal operators around
the world, as well as for other companies, to achieve substantive communication and understanding of their customers
through the application of innovative technologies. Understanding and learning about customer issues is key to
offering them services that, with their precise targeting of stakeholders, quality, visibility, efficiency, and, perhaps
most importantly, flexibility, will be able to meet needs that change so quickly over time. This will be possible with
new technologies and innovative solutions. The paper presents a market research on the potential use of autonomous
vehicles and drones in the postal sector in Bosnia and Herzegovina. The research is based on a survey questionnaire
on the use of drones and autonomous vehicles in the postal sector in the segment of shipment delivery.
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1 Introduction to end-users. There are numerous advantages of applying
innovative technologies for both companies and their

The development of new technologies has contributed USers

to the emergence of smart tools for overcoming numerous

challenges in the postal sector. A relatively new concept With the development of the Internet of Things and the
in overcoming the challenges in goods and transport flows ~ Internet of Postal Things, logistics, mail, and transport
are innovative technologies, smart logistics, and the  have become areas of application of comprehensive
solutions it brings with it. solutions for the management of goods at all times within
complex delivery and transport networks [2]. Thanks to
these technologies, innovative solutions are able to
actively participate in processes, continuously monitor
developments and inform about changes in all
technological phases (transport conditions, adverse
events, security threats, etc.). Innovative technologies
require large initial investments.

Innovative technologies can be seen as an area of
integration of modern techniques and technologies to
overcome the growing present challenges Reducing
environmental pollution and implementing the concept of
green logistics, reducing congestion in traffic, minimizing
errors in performing complex business processes,
increasing security, quality assurance, improving
customer relations, and achieving their loyalty, are just The remaining of this paper is organized as follows.
some of the challenges facing postal and logistics systems ~ The following section describes innovative technologies,
[1]. The emergence of innovative technologies, smart  autonomous vehicles, and drones used in the phases of
logistics solutions has enabled the improvement and  postal traffic technological processes, which are an
modernization of the postal system as we know it today. ~ integral part of market research. Section 3 provides
Through the introduction of modern devices, tools, and  market research on the use of autonomous vehicles and
work techniques in all logistics processes, starting from  drones in Bosnia and Herzegovina. The final Section 4
the pick-up, transport, sorting, and delivery of shipments  contains concluding remarks.
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2 Autonomous vehicles and drones in
delivery

The most popular and demanding innovative
technologies for shipment delivery are autonomous
vehicles and drones. These two technologies, the
challenges and the benefits they bring, are briefly
described below.

2.1

Autonomous vehicles are the technology that marks
the beginning of the next revolution in the transportation
of people and goods. With the rise of e-commerce as a
common global practice, the number of online orders has
increased significantly, as well as customer expectations
for a faster delivery phase. These vehicles have become a
reality due to advances in electric vehicle technology,
computer vision, and machine learning. We can already
see drones in the sky delivering shipments over densely
populated cities or autonomous drones moving along city
sidewalks and carrying hot meals for restaurants.
Autonomous vehicles usually cover up a range of 10
kilometers [2].

Autonomous vehicles

The last kilometer of delivery is the most demanding
and least predictable process in the postal system.
Delivery is the basic function of the postal service, which
makes it suitable for the use of autonomous vehicles.
During the delivery process, delivery vehicles face other
drivers, pedestrians, and cyclists, and must respect signs,
signals, and intersection rules. To navigate through a
dynamic environment, the autonomous vehicle must be
able to respond correctly to each of the mentioned
variables. In addition, the vehicle must be able to deliver
the shipment to any address on its route. Such
requirements include frequent stops while driving and
precise coordination with the control point. Logistics
companies, including postal administrations, are actively
researching how to apply autonomous technology to
delivery [3]-[5].

One recent example of an autonomous delivery vehicle
is a small delivery robot developed by the British start-up
Starship and designed to travel on pavements. According
to this company, the vehicle would be used for ultra-fast
CO2-neutral city deliveries at 10 to 15 times lower costs
than human couriers [2].

There are innovative shipment delivery solutions in
combination vans with autonomous vehicles (Figure 1).
This combination reduces the negative impacts of
transport on traffic congestion, safety, and the
environment in large urban centers. The robots in the
mentioned vehicles move on the sidewalk and do not
weigh more than 20 kilograms when they are charged to
full capacity [6].

Yans 8 Robots

Figure 1. Truck-based autonomous robots [6]

Customers can follow the delivery process with their
smartphones which are also used to unlock the goods
container after the robot arrives at the destination.

Potential applications of autonomous vehicles in the
postal sector are divided into two main categories:
delivery to the end-user, the so-called "Last-mile
delivery" and line hole transport of shipments. Within the
category related to delivery, five pilot cases related to the
"last mile" were identified [3]:

- an autonomous vehicle driven by the delivery
man,

- autonomous self-parking vehicle,

- autonomous vehicle accompanying the delivery
man,

- an autonomous vehicle that replenishes the
number of shipments on delivery,

- mobile package cabinet.

Robots for delivery shipment operate on the following
principle. To get from point A to point B, robots need to
plan a route in advance that requires some kind of map.
Although many public available mapping systems already
exist, such as Google Maps and Open Street Maps, they
have a limitation a as they are designed primarily for car
navigation with a focus on road mapping [7].

Figure 2. Preliminary map for robots [7]

Because delivery robots travel on the sidewalk, they
need an accurate map that shows where it is safe to travel
on the sidewalk and where they can cross the street. The
first step in creating a map for delivery robots is to survey
the area of interest and create a preliminary map (2D
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map), via satellite image, in the form of simple,
interconnected lines, representing sidewalks (green),
crossings (red) and approaches (purple), as shown in the
Figure 2 [7].

The system treats this map as a graph of nodes, and can
be used to generate a route from point A to point B. The
system can identify the shortest and safest route for a
robot and calculate the distance and time required to drive
this route. The advantage of this procedure is that
everything can be done remotely, before any robots
physically arrive at the scene. The last step of the mapping
process, before the robots can drive completely
autonomously, is an accurate calculation of where and
how wide the sidewalk is. This is done by processing
images, taken by the robot's camera, as well as by
including a previously created 2D map based on satellite
images. During this process, even more details are added
to the map to precisely define the safe zones where robots
can drive.

2.2

Drones are unmanned aerial vehicles that can be
operated remotely or autonomously through computer-
controlled flight plans, with built-in sensors and tracking
systems. Drones are used for various purposes, but they
have also found application in shipment delivery [2], [8]—
[10].

The model of delivery by drones is several years
"older" than delivery by autonomous vehicles and is
usually established by rich and well-known postal
companies with the aim of serving wider urban areas.
Many postal companies have been testing drone deliveries
lately. Unmanned aerial vehicles can be remotely
controlled by pilots or can be controlled by specific
sensors, systems and devices.

Drones

Drone delivery is one of the current topics in the postal
industry, which is receiving a lot of attention. Many large
companies such as Amazon, FedEx, DHL, and UPS are
currently investigating the effective use of drones for
parcel delivery [11]. For example, Figure 3 shows
Amazon Prime Air drone delivery prototype.

In theory, drones could revolutionize final-stage
delivery because they would make delivery by human
personnel unnecessary, making the final stage more cost-
effective. If a flying drone is used for deliveries, its
advantage is that it avoids street traffic and can reach
locations without sufficient infrastructure. Flying drones
also have the disadvantage that they are much less energy
efficient than conventional road vehicles and usually have
only a very small cargo capacity and limited range [12].

Drones consist of a large number of technologically
advanced components, which enable them to operate
efficiently and reliably. In addition to the physical parts,

software support is very important, which is the
connection between the parts, the drone and the control
panel, and together with the sensors between the drone
and the environment [12].

Technological processes of delivery by drones imply
an efficient way of delivery of shipments and include the
following activities [12]:

- pick-up packages in the center,

- going out on the runway

- takeoff,

- flying to the user's location,

- landing on the intended delivery space,
- delivery (leaving) of packages, and

- takeoff and return to the center.

Figure 3. Amazon Prime Air drone delivery prototype [13]

The delivery of packages to drones is designed in such
a way that the programmed GPS waypoints map the
delivery route. The drone would take several packages for
delivery and go from one delivery point to another,
without the need for a pilot.

Today, some tests are being done focused on the usage
combination of drones and vans [2],[11]. Figure 4 shows
an example of drone delivery from truck. The van can be
loaded with packages and then be transported to a specific
settlement or zip code. The drones could then deliver
packages from the van to customer addresses. Although
this arrangement would be an additional step, the benefits
of drone delivery could be increased with a lower flying
range.

Figure 4. Drone delivery from truck [2][13]
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In these prototype models, the van has the role of a
mobile warehouse for the shipments, as well as the role of
amobile launching platform for one or more drones from
the roof of the van [11]. In this way, it is possible to
establish the interaction of both types of vehicles.

The consignment delivery van moves from one
delivery location to another, so that the driver can also
perform the traditional type of delivery to the home
address. At the same time, the drone delivers shipments to
additional customers, one at a time, and returns to the van
after each delivery. From the perspective of the analysis
of the operation itself, the concept of shipments delivery
by drones launched from vans opens new challenges and
problems related to the creation of the route [11], [14],[2].

3 Bosnia and Herzegovina market research
on the use of autonomous vehicles and
drones

For the market research on the application of
autonomous vehicles and drones, the scientific survey
method was used, in which 57 respondents were included,
the time period of the survey is September 2021.
Respondents used the services of postal companies at least
once. The authors chose the online survey method due to
Covid-19 restrictions. The age structure of the
respondents is from 18 to 65 years. Figure 5 shows the
distribution of the age structure of the survey participants.

The age structure of respondents

0,7%
4,0%

= 18-28 =29-39

40-50

51-60 =62+

Figure 5. The age structure of respondents

The majority of respondents are in the range from 18
to 28 age with a share of 68.7%. The level of education
plays an important role in understanding new
technologies, so the question of the level of education is
included through the survey. The educational structure of
the respondents is shown in Figure 6.

The level of education of the
respondents

8,5%

12,8%

= Elementary education = High school

Master PhD

Figure 6. The level of education of the respondents

The results of the survey showed that the largest
number of respondents have a high school, i.e. 26 of them.
According to new ways and technologies for shipment
delivery, it was necessary to ask whether they had heard
of these two ways of shipment delivery. The survey
question was: “Have you heard about the technology of
delivering shipments with autonomous vehicles?”. The
results on this question are shown in Figure 7.

Have you heard about the technology
of delivering shipments with
autonomous vehicles?

= Yes =No

Figure 7. Question Results: Have you heard about the
technology of delivering shipments with autonomous
vehicles?

The results on this question show that a large number
of postal services respondents are not at all familiar with
the items delivery technology via autonomous vehicles.
As many as 57.3% of respondents had never heard of this
technology before. After this question, a short text is given
about the advantages and disadvantages of the mentioned
technology for delivery of shipments. After the
explanation, the respondents were asked the question:
“Would You use the technology of delivery shipments
with autonomous vehicles (Figure 8)?*
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Would You use the technology of
delivery shipments with autonomous
vehicles?

= Yes =No =]'mnotsure

Figure 8. Question Results: Would You use the technology of
delivery shipments with autonomous vehicles?

The results are quite surprising, because a very small
percentage of respondents said they would use this
technology, or 38.3%, while 36.2% of respondents are not
in favor for using this technology. As with the issues for
autonomous vehicles, the same was done for drone
delivery technology. The first question was related to the
knowledge of the technology of delivery by drones
(Figure 9).

Have you heard about the technology
of delivering shipments with drones?

= Yes =No

Figure 9. Question Results: Have you heard about the
technology of delivering shipments with drones?

The results on this issue show that a large number of
respondents of postal services in Bosnia and Herzegovina
are not at all familiar with the technology of delivery by
drones. The results show that 72.3% of respondents had
not heard of drone delivery technology. After this
question, a short text is given about the advantages and
disadvantages of the mentioned technology for delivery of
shipments. After the explanation, the respondents were
asked the question: Would You use the technology of
delivery shipments with autonomous vehicles (Figure
10)?

Would You use the technology of
delivery shipments with drones?

10,4%

= Yes =No =[]'mnotsure

Figure 10. Question Results: Would You use the technology
of delivery shipments with drones?

The results show that a large number of respondents,
60.4% of them would try to use the technology of delivery
by drones, while on the other hand 29.2% of them would
not use this technology.

4 Conclusion

The technology of delivering shipments by
autonomous vehicles and drones will very soon play an
important role in the operations of both postal companies
and companies dealing with the last-mile-delivery
process. An increasing number of postal companies are
testing such systems or a combination with some other
technologies, all with the aim of reducing costs,
increasing  productivity, reducing environmental
pollution, meeting the requirements and needs of users.

Given that there is still no testing of such systems in
Bosnia and Herzegovina, the authors decided to research
users of postal systems, and to obtain the first results from
users of such systems. The results of the survey show that
a small number of respondents are familiar with these
shipment delivery technologies. Also, the results of the
survey show that the technology of delivery by drones is
closer to the users than the technology of delivery by
autonomous vehicles.

The conclusion of the survey shows that the market for
delivery of shipments in Bosnia and Herzegovina is still
not ready to test such systems, because a large percentage
of respondents are not familiar with these technologies.
For future research, the we suggest that users be surveyed
on the territory of Bosnia and Herzegovina about other
technologies such as PUDO and similar technology.
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