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The implementation of industrial robots is a critical strategy for mitigating the severe labor shortages
affecting all industries in Japan. A significant barrier to their widespread adoption is the substantial
capital investment required for the hardware and system integration. This study addresses this
challenge through the development of a mobile Augmented Reality (AR) application designed to
facilitate the robot adoption process. We have engineered and validated a system that enables the

visualization and verification of a robot's operational trajectory prior to its physical installation,
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confirming its efficacy.
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1. Introduction

In recent years, Japan has been facing a serious labor
shortage in all industries. The main reason for this is the
aging population combined with the diminishing number
of children, and the consequent decrease in the working
population. Progressive labor shortages will lead to a
deteriorating working environment and a decline in
product quality.

Given this background, the introduction of robots is
attracting attention to achieve labor savings, manpower
reduction, and productivity improvement. Indeed, the
implementation of industrial robots offers numerous
benefits, including task automation, quality stabilization,
and improved safety. Our laboratory is also developing
autonomous Japanese food packaging for bento box aimed
at addressing the labor shortage (Fig. 1). On the other hand,
many companies are cautious about introducing robots
because the initial investment and operation costs are
extremely high. These costs include the robot itself, related
equipment, installation, and maintenance. Especially for
small and medium-sized Enterprises (SMEs), the prospect
of high costs and a lack of expert human resources are
major barriers.

In addition, from the perspective of the Sustainable
Development Goals (SDGs), there is an international need
to improve productivity through the introduction of robotic
technology in the prepared food industry.
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In response to these challenges, our laboratory is
developing autonomous Japanese food packaging
technology for bento box.[1] [2] We are also utilizing
augmented reality (AR) technology to help reduce the cost
of introducing robots.[3] [4]

AR is a technology that superimposes virtual
information onto real-world spaces. Beyond entertainment,
it is being used in a wide range of fields, including
education and manufacturing. In this research, we
developed a mobile AR system that links Unity and ROS.
This system allows us to display a 3Dmodel of a robot arm
in real-world space and simulate its movements.

While Unity is generally known as a game development
platform, it is also attracting attention as a simulation
environment due to its high-precision physics simulation,
real-time rendering, rich assets and ease of GUI
development. The Robot Operating System (ROS) also
dominates the market for robot software development.

This system makes it possible to check the flow line and
placement of the robot and verify its operation without
physically bringing the robot into the factory. This is
expected to significantly reduce the cost and time required
for system integration and lower the hurdles to
introduction.

This system also enables visualization of the operation
during teaching, which is effective for maintenance and
adjustment after installation. Furthermore, the application
developed in this research is cross-platform, meaning it can
be operated on Android and iOS devices, which enhances
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its practicality. In the future, we expect the application to
become an even more versatile and convenient AR support
tool. This will be achieved by supporting multiple types of
robot models and improving the user interface.

This system makes it possible to check the flow line and
placement of the robot and verify its operation without
physically bringing the robot into the factory. This is
expected to significantly reduce the cost and time required
for system integration and lower the hurdles to
introduction.

This system also enables visualization of the operation
during teaching, which is effective for maintenance and
adjustment after installation. Furthermore, the application
developed in this research is cross-platform, meaning it can
be operated on Android and iOS devices, which enhances
its practicality. In the future, we expect the application to
become an even more versatile and convenient AR support
tool. This will be achieved by supporting multiple types of
robot models and improving the user interface.

Fig.1. A self-learning robot for the food industry

2.
2.1

Methodology
Robot

Fig. 2 shows the appearance of the robotic arm
introduced in the developed mobile AR system.
Specifically, the YASKAWA MOTOMAN-SIASF,
manufactured by Yaskawa Electric Corporation, was
adopted. This robotic arm possesses seven rotational axes,
enabling it to mimic the complex movement capabilities of
a human arm. This significantly contributes to the
realization of highly flexible tasks, such as precise
operations while avoiding obstacles or dexterous
manipulations in confined spaces. The robotic arm
virtually displayed within our AR system adopts the URDF
format, which eliminates physical constraints and allows
for simulations in diverse scenarios.

[

a. Real model b. 3D model

Fig. 2. YASKAWA MOTOMAN-SIASF
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2.2.  URDF Importer

A tool called URDF Importer was used to introduce the
Unified Robot Description Format (URDF), an XML
format file describing the robot's structure, into Unity. The
URDF Importer analyses the URDF file and automatically
generates and configures the links described therein as
Unity Game Objects and joints as corresponding Joint
components. It also imports the visual models (3D mesh
files) and collision models specified in the URDF into
Unity, giving each a mesh renderer, a collider and the
appropriate rigid body components required for the
physics simulation.

By unifying the definition of the robot models to be
introduced into Unity and ROS, the high-performance
physics simulation possessed by Unity can be used while
maintaining compatibility with existing tools in ROS.

2.3. AR Foundation

In the developed mobile AR system, AR Foundation,
provided by Unity, was adopted for the implementation of
AR functionalities. While various frameworks exist for
realizing AR features, including ARCore, ARKit, and
HoloLens in addition to AR Foundation, the latter
possesses a distinctive characteristic of absorbing the
complex API differences of major mobile AR platforms,
namely Apple ARKit (i0S) and Google ARCore (Android),
to function as a unified abstraction layer. This property
enables developers to efficiently deploy AR applications
cross-platform across multiple mobile OS environments.
Furthermore, support for Windows Mixed Reality
platforms, including HoloLens, has also been realized.
Moreover, the adoption of AR Foundation facilitates the
integration with existing assets and external SDKs within
Unity, thereby promoting the development of applications
with complex AR capabilities. Table 1 lists the features
available in each provider plug-in supported by Unity.

Table 1. Platform support

Feature ARCore | ARKit HoloLens
Session Yes Yes Yes
Device tracking Yes Yes Yes
Camera Yes Yes

Plane detection Yes Yes

Image tracking Yes Yes

Object tracking Yes

Face tracking Yes Yes

Body tracking Yes

Point clouds Yes Yes

Ray casts Yes Yes

Anchors Yes Yes Yes
Meshing Yes Yes
Environment probes Yes Yes

Occlusion Yes Yes

Participants Yes




2.4. Communications

Data cannot be exchanged directly between Unity and
ROS. Therefore, packages called ROS TCP Connector and
ROS TCP Endpoint were introduced.

On the Unity side, we introduced ROS-TCP-Connector,
a C# package embedded in the Unity project, which
provides an API for sending and receiving messages to and
from ROS topics (Publish/Subscribe), services and actions
within a Unity application. On the ROS side, a Python
package, ROS-TCP-Endpoint, was introduced to receive
TCP connections from ROS-TCP-Connector on the Unity
side and pass the messages to the topics.

The Transmission Control Protocol (TCP) is widely
recognized as the basis for Internet communication and is
a protocol that guarantees reliable transfer of data due to
its high reliability. The strict data assurance mechanism
possessed by TCP can be an extremely important
communication method in fields such as robot control,
where missing data or inconsistent order directly affects
the safety and functionality of the entire system.

Fig. 3 Shows the communication architecture between
Unity and ROS. The left side represents the Unity
application, while the right side represents the ROS (Robot
Operating System) environment. It can be seen that Unity
and ROS exchange data by mutually utilizing services via
the TCP communication protocol.
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Fig. 3. ROS-Unity communication

2.5. Communications

An overview of the system is shown in Fig. 4.

On mobile devices, the project was developed in Unity
and converted to an .apk file that can be run on mobile
devices. The PC runs Movelt, a ROS framework. When the
camera is activated, a 3D model of robot arm is
superimposed on the real environment through the mobile
device's camera.

When the user presses a button on the screen indicating
the start of the simulation, the current robot posture and the
robot's target coordinates are passed to ROS via TCP
communication, and ROS uses Movelt to calculate the
optimal route to reach the target coordinates based on the
information received. The result is then returned to the
mobile terminal, and the Movelt motion plan is executed.
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Fig. 4. System overview

3.
3.1

Experiment
Operation Check

We confirmed that the mobile AR system we created
works correctly. First, the flow of this system from
application startup to the start of simulation is shown below.
When the application is launched, the home screen is first
displayed. After the screen transition, the camera of the
mobile terminal is activated and the robot arm, grippers,
and objects to be grasped (hereinafter referred to as
"objects") are displayed on the screen. When the
simulation start button is pressed, the message linkage with
the ROS is initiated and the simulation using the 3D model
of the robot arm begins. The results of the operation after
the simulation start button is pressed on the mobile
terminal are shown in Fig. 5. In the figure, "a" indicates the
state in which the object to be grasped is selected, "b"
indicates the state in which the box that the object is placed
is selected, "c¢" indicates the initial state, "d" indicates that
the object is grasped, "e" indicates that the object is placed,
and "f" indicates that the operation is completed.

b. Stae of

a. State of c. Initial state
select select box
object
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object object is completed
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Fig. 5. Image of Mobile AR System

Consideration

Through experiments, we confirmed that the robotic arm
was able to perform the desired motions. This indicates
that the trajectory of the robot arm's end-effector,
specifically for grasping an object, was appropriately
calculated by Movelt and accurately simulated.

However, a limitation of the current mobile AR system
was identified: when the camera is activated, the robot arm
appears fixed in front of it, preventing any adjustment of
its position once displayed. Consequently, it is challenging
to display the robot at an arbitrary location.

AR can be broadly categorized into two types: location-
based AR and vision-based AR. Location-based AR
utilizes positional information such as Wi-Fi, IMU (Inertial
Measurement Unit), and GPS to display virtual content. As
location-based AR does not require markers or specific
visual features, it is well-suited for outdoor use.

In contrast, vision-based AR displays virtual content by
recognizing and tracking specific markers (e.g., printed
images or 2D codes) or objects present in the real world.
Furthermore, vision-based AR includes two subcategories:
marker-based AR, which recognizes predefined patterns,
and marker less AR, which does not rely on specific
markers. While marker-based AR can display virtual
content with high accuracy and speed if a marker is present,
it cannot function in areas without markers. Marker less
AR, on the other hand, utilizes SLAM (Simultaneous
Localization and Mapping) technology to display virtual
content, often by performing plane detection, among other
methods.

Moving forward, it is essential to develop a more user-
friendly mobile AR system by effectively leveraging these
AR technologies.

5. Conclusion

In recent years, there has been a marked shortage of
labor in all industries in Japan due to the decline in the
working population. While the introduction of robots into
production lines, etc. is an effective method to solve the
manpower shortage, the huge cost (expense and time) for
system development and setting can be a major barrier to
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introduction. The 3D model of a robot arm can be made to
behave in the same way as an actual robot. And we have
developed a mobile AR system that combines this with AR,
making it possible to check the line of human movement
without having to bring the robot into the factory.

Unity is a game development platform and ROS was
used to calculate the trajectory of the robot's paw position.

In the experiment, we confirmed that the robot was able
to perform the specified operation. On the other hand, there
are areas that need to be improved, such as the difficulty in
displaying the robot at an arbitrary position. In addition, as
a future prospect, the company aims to support a wide
range of robot simulations by introducing other robots to
the mobile AR system. In addition, the user interface will
be improved to make it easier for users to use.

Furthermore, the Unity and ROS integration technology
adopted in this study enables the construction of a highly
reliable simulation environment. As a future outlook, we
aim to seamlessly apply control strategies developed in this
virtual environment to real-world robotic systems.
Specifically, by integrating this technology with Unity's
AR capabilities, it becomes possible to achieve intuitive
remote operation of robots, pre-simulation of tasks in
hazardous environments, and feedback of those results to
the actual machine. These advancements are expected to
significantly contribute to the enhancement of safety and
efficiency in robot operations.

As part of our future work, we are planning to connect
the system with a real robot. This will allow us to evaluate
the discrepancy between the AR-projected robot motion
and the actual robot motion before and after operation.
Additionally, we are planning the development of a user
interface (UI) that is intuitive and easy to use for
individuals who have limited exposure to ROS.
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