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Abstract:

Automation of production is inextricably linked with automation of warehouse systems.
This is especially clear when applying the Industry 4.0 concept, since we see a clear
development of the Warehouse 4.0 concept. This paper examines in detail the existing designs of
the Radio Shuttle, as well as their areas of application. However, there are many limitations
associated with the design features of these devices. We consider the main limitation to be low
flexibility, as well as the inability to move in different directions. To solve this problem, the
authors propose to use Mecanum wheels, which eliminate the problem of the impossibility of
moving in the desired, that is, optimal, direction.
Key words: Radio Shuttle, Omnidirectional wheel, Mecanum wheel, Cargo,
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Introduction

In the Industry 4.0 concept, the Warehouse 4.0 approach is becoming increasingly
important [1]-[7].

In the modern world, automatic loading and unloading systems increasingly ensure the
operation of warehouse complexes [8]-[13]. Such systems are usually called Radio Shuttle.
Radio Shuttle is an electrical module that transports pallets. It transports goods inside the racking
system.

In this case, the operator’s attention/time is practically not required; he can solve other
problems. Several of these modules can be controlled using one remote control.

Currently, there are different types of such carriers for different pallets, including those
that can transport two different types of pallets. Now the maximum load capacity is 1500 kg.

To work with such devices, you can use any model of stacker or loader.

The main element of the Radio shuttle system is a mobile automatic platform capable of
moving pallets within a racking system in a remotely controlled manner.

We can highlight a group of benefits of using the Radio Shuttle [12], [14]. But we also
see a set of disadvantages in existing constructions of Radio Shuttles. The main of them is the
limited flexibility.

We propose to use omnidirectional wheels (mecanum wheels) in order to eliminate or
decrease this constraint. And further in this work we will propose our solution to this problem.

Related works

First of all let us consider what is happening in modern storage systems and in
what way their development moves.
In [15] authors note, that storage technology selection is a very important design decision
that greatly affects the future performance of a warehouse. In future we plan to change the
storage structure in order to use our decision proposed in this paper ore efficiently.
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Kansy Dawid devoted plenty of his works to problems connected with storage technology

and especially to shuttle racks systems organization [12], [14], [16]. In [16] he pays particular
attention to planning storage location.

Scientists in [17] also write about storage organization necessity. But they also highlight
an important problem connected with the applied general classification of storage systems and
materials handling machines, as well as the clarification of the connections between them.

Paper [18] is considering principles “First In, Last Out” - FILO and “First-In, First-Out” -
FIFO in order to optimize storage structure.

But we don’t see a lot of publications that propose to optimize a shuttle moving. And we
want to make Radio Shuttle more effective by using omnidirectional wheels.

Plenty of scientists propose to use such systems in different fields.

Authors [19] note that the ability to move in any direction without altering even a single
wheel makes this type of wheel useful for driving, especially in a narrowed or confined space.
And in storage we have the same confined space.

At the same time Cao G. and co-authors remark that mecanum-wheeled mobile robots are
widely used because they can easily realize omnidirectional movement and have flexible
movement characteristics [20].

Scientists in [21], [22] also write about the superior mobility and maneuverability to
move toward any position and attain any orientation simultaneously. They claim that mecanum
wheeled omnidirectional mobile robot is playing an increasingly important role in modern
transport and industry due to its high flexibility and maneuverability.

Researchers also say about the advisability of using omnidirectional wheels in [23]. Here
we can also talk about their use in various robotic systems [24]-[28].

So we see very specific problems associated with limiting the movements of the Radio
Shuttle. On the other hand, we see that the use of Mecanum wheels can solve many of the listed
problems. Thus, the limitations of existing solutions in the development of the Radio Shuttle will
be discussed in detail, as well as the benefits that are planned to be obtained from the
introduction of Mecanum wheels will be analyzed in detail.

Mecanum wheels as a way to improve Radio Shuttle

Storage methods are influenced by Radio Shuttle design features, such as:

- limited flexibility of Radio Shuttle design: The disadvantages of LIFO and FIFO
methods reinforce the limited flexibility of Radio Shuttle design. For example, if the system is
LIFO, it is more difficult to distribute new goods and rearrange the storage of old goods due to
fixed rails and racks. Such restrictions can make it difficult to optimize warehouse space and
manage the movement of goods;

- difficulties in managing access to goods: If the system uses the LIFO method and the
latest goods are stored closer to the exit, this may create restrictions on access to old goods,
especially if there is a need for manual access to them. Similarly, in the case of FIFO, it is more
difficult to organize quick access to new goods, since old goods may take up more accessible
space within the system;

- optimizing space usage: Disadvantages in storage methods can increase the challenges
of optimizing space usage within Radio Shuttle structures. Difficulties in efficient space using
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may arise due to the system's inability to adapt to different sizes and goods characteristics that

require storage using certain methods (LIFO or FIFO);

- difficulties in configuration changes: If LIFO and FIFO methods require changes in
goods distribution, this may require major changes in the configuration of the Radio Shuttle
system. This, in turn, can be a labor-intensive and costly process, which creates difficulties in
System control [16].

Thus, the disadvantages of LIFO and FIFO storage methods may exacerbate limitations
and weaknesses in Radio Shuttle design, creating additional challenges in optimizing and
cotrolling warehouse operations. The optimal solution in this situation requires a careful analysis
of warehouse requirements and selection of a storage method that best meets the characteristics
of the goods and warehouse operations[17], [18]. The main types of Radio Shuttle that are used
within Warehouse 4.0 are presented in Figure 1 [19].

The use of Mecanum wheels can significantly improve the efficiency and flexibility of
these designs. Here are the conclusions that can be drawn to justify the improvement of these
structures through the use of Mecanum wheels:
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a) b) c) d)

a) Radio Shuttle; b) Multi-deck Shuttle carrier;

c¢) Four-way Shuttle system; d) Shuttle Carrier
Figure 1: Main Radio Shuttle Types That Are Used within Warehouse 4.0.

- good flexibility and maneuverability, Mecanum wheels have the ability to move in any
direction without the need to turn the entire structure. This adds high agility and flexibility when
moving goods in tight spaces. This is a key advantage when working in warehouse
environments;

- easy access to goods, thanks to the ability to move sideways and diagonally, Mecanum
wheels provide easy access to goods located at various levels and angles, reducing the
complexity of moving goods in systems with many levels and complex configurations;

- efficient space using, Mecanum wheels allow optimal space using in the warehouse, as
they allow movement in different directions without the need to rebuild the entire system, which
is especially useful in systems with limited space;

- simplified control, moving in any direction without turning, systems with Mecanum
wheels can be controlled more efficiently and accurately. This allows you to avoid collisions and
optimize the planning of goods movements;

- easy implementation and integration, Mecanum wheels are easy to install and integrate,
making it easy to upgrade existing designs without having to completely replace the system.

Thus, the use of Mecanum wheels improves the flexibility, maneuverability, accessibility
and controllability of existing structures, making them more efficient and adaptable to different
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working conditions in the warehouse. These advantages justify the decision to improve systems

using Mecanum wheels .
Using 3D modeling, let us design a Radio Shuttle robotic platform with built-in
Mecanum wheels; an example of implementation is shown in Figure 2.

a) b)

a) Mecanum Wheels 3D Model;

b) Radio Shuttle Robotic Platform 3D Model General View

Figure 2: Mecanum Wheels 3D Model on 3D Radio Shuttle Robotic Platform

So, it is necessary to improve the supporting structure of the racks in order to realize the
benefits of Mecanum wheels on the Radio Shuttle platform. Such researches are planned to be
conducted in nearest future.

Conclusion

In proposed paper the authors present an innovative approach to improving the Radio
Shuttle design using Mecanum wheels. This improvement significantly increases the system
functionality and mobility, allowing the Radio Shuttle to move freely horizontally and vertically
in any plane.

The integration of Mecanum wheels into the Radio Shuttle design has led to significant
changes in the design of product storage racks. These changes created a more flexible and
efficient storage system capable of moving in any direction and vertically, which was not
previously possible with the Radio Shuttle system.

The findings highlight the significance of the proposed changes and their potential to
optimize warehouse operations and improve overall performance in the logistics and storage of
goods within Warehouse 4.0.
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