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Abstract: In a remote-controlled fishing avatar robot, we build a simulation environment that utilizes 3D stereoscopic media technology by integrating ROS2 and Unity,

assuming control of a real machine, and investigate the communication overhead of the robot control system. In order to enjoy outdoor activities such as fishing in a remote

location, technology is required that instantly reflects the user's movements on the robot. Therefore, we aim to achieve natural operability by equipping the robot with a control

system with higher responsiveness in terms of the communication method. In particular, we focus on the cooperation method between ROS2 and Unity, and compare and

examine three systems with different characteristics such as the tools used, communication method, and servo motor control method. In the verification experiment, we ¥

evaluate the system's response time, CPU usage, and memory usage, ¥ evaluate the performance of a remote-controlled fishing robot using the system, and y evaluate the

psychological aspects of operating the fishing robot, and consider the practicality of the fishing robot.

Keywords: Avatar Fishing Robot, Remote Robot Control, Linkage Methods between ROS2 and Unity, Communication Delay

1. Introduction

In recent years, in the field of robot simulation, there has been a demand for the
creation of a digital twin environment that uses 3D media technology to reproduce real-
world objects such as buildings and products and their movements in real time in a
digital virtual space.1 ) Recently, game engines are often used to create such
environments. Game engines are a set of software for creating video games and
interactive content, and are intended to provide the tools and functions necessary for
game production, such as graphics, physics engines, audio, animation, and artificial
intelligence, and to increase the efficiency and flexibility of the development process.
They are capable of high-quality 3D rendering and physical calculations, and can
realistically reproduce the surrounding environment and physical effects, making it
possible to perform simulations and evaluations that are closer to reality. For these

reasons,

Since then, it has been used not only for games and video content, but also for
mechatronics robot simulations. Furthermore, game engineers are also using it for the

Metaverse, which realizes communication in a 3D virtual space on the Internet.

Development examples by Al have also been attracting attention, and the places where users spend

their time are changing from the real world to the Internet and then to three-dimensional virtual space.
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However, in a digital space that does not involve physical movement, although it is
efficient, it is difficult to create spontaneity, and there are concerns that it is not possible

to enjoy the empathy and spatial value that comes from human-robot interaction.

An extension of this topic is avatars from 3D digital space.
The concept of the avatar robot is a type of remote-controlled robot that combines
cutting-edge technologies such as robotics, Al, VR, communication, and haptic

technology. The system allows users to control the robot via the Internet.

It is possible to transmit consciousness, skills, and presence to move, communicate,
and perform tasks. By controlling an avatar robot, it is expected that a service will be
developed that allows users to experience "telepresence" (a remote presence) as if
they were actually there. In this case, high responsiveness is required for remote control
of the robot. Therefore, technology is required to instantly reflect control command

values generated on a game engine on an actual robot.

In this paper, we use the concept of avatar robots as the subject of a remote-controlled
fishing robot. By integrating the robot development software ROS2 (Robot Operating
System 2) with the game engine Unity, we build a 3D robot simulation environment that
assumes control of the actual robot, and consider a Sim2Real robot control system that
is highly responsive to the output. Specifically, in order to enjoy outdoor activities such
as fishing in remote locations, we focus on communication technology that instantly
reflects the user's movements on the avatar robot, and develop a highly responsive

control system.
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By constructing this system, we aim to achieve more natural operability. In particular,
we focus on the method of cooperation between ROS2 and Unity, and construct and
compare three systems with different characteristics by changing the packages used,
communication methods, servo motor control methods, etc.

In the following, in this paper, Chapter 2 explains the control of a remote-controlled
fishing robot, and in the verification experiment in Chapter 3, we evaluate the
response time, the CPU usage and memory usage of the entire PC, and the CPU
usage and memory usage of each process.

In addition, we measured the time it took to complete a series of fishing actions and
conducted a psychological evaluation of the operability to evaluate the operability of

the avatar fishing robot. Finally, we conclude our paper in Chapter 4.
2. Remote fishing system

Figure 1 shows a conceptual diagram of the whole operation of the remote-
controlled fishing robot. The administrator in Figure 1 will not be directly involved in
the fishing robot system after the initial startup of the whole system, but will be on
standby to monitor and perform maintenance so that he can respond appropriately
in the event of any malfunctions. In particular, in the evaluation experiments of
responsiveness and operational performance in this paper, the user will act as the
administrator, shutting down the system once after each experiment and collecting
the experimental data. It should be noted that in the psychological evaluation
experiments, a third party who was not a subject acted as the administrator and

collected the data after the experiment, so as not to have a psychological effect on
the subjects.

Table 1 shows the desktop PC environment used to build the system. The fishing
robot arm has a two-axis configuration and can cast a line using a fishing rod
attached to the tip. Each joint uses a Robotis Dynamixel servo motor (XM430-W350-
T) that can provide real-time feedback on status such as position, speed, and current
(torque/load). The servo motor and fishing rod are attached using an aluminum

frame and connecting parts created with a 3D printer.
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Figure 1. System concept of remote-controlled fishing robot
Table 1 Control PC environment
0s Ubuntu 20.04.4 LTS 64[bit]
ROS ROS2 Foxy Fitzroy
Unity Editor 2021.3.25f1
CPU AMD Ryzen 5 5600X 6-Core Processor
Memory 16 [GB]
GPU NVIDIA GeForce GTX 1660

The controller used by the user is a fishing rod with a microcomputer (Sony's
Spresense) attached to the handle, which detects the user's movements with a gyro
sensor connected to the microcomputer and transmits the measurement data to a
PC as command values for controlling the robot. This gyro data corresponds to the
angles of each joint in the robot arm, with the first joint corresponding to left-right
data and the second joint corresponding to up-down data, and is reflected in the
robot arm model on Unity. The motion trajectory of the Unity model is then transmitted

to the servos of the actual robot via the ROS2 ecosystem.

is sent to the motor.

Figure 2 shows the state during operation. The current joint angles are fed back
from the servo motors of the actual robot, so the movement of the actual robot can
also be confirmed on Unity. Figure 3 shows an explanation of the Unity screen during
robot operation. The robot installed in a remote location is photographed by a web
camera, and the user operates it while watching the video sent in real time. This
system enables remote fishing movements. Note that this paper focuses on the real-
time control of the actual robot, and video communication technology will be

discussed in the next paper.

2.1 Control system using ROS2/Unity In this paper,

we focus on a robot simulation environment that combines ROS2 and Unity from

the perspective of integrating 3D media technology with real robot control in real time.

By integrating the development framework ROS2 and the game engine Unity, instant

data sharing and visual representation is possible.

Figure 2. Controlling the fishing robot with a controller
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Figure 3 Explanation of the Unity screen while operating the robot
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In order to maintain compatibility between the control programs of the
real robot and the virtual robot, a bridge function is required to

communicate control commands and sensor information between
ROS2 and Unity.

The most important factor is the functionality. In this paper, we use Unity
Robotics Hub and ROS2 for Unity as communication methods for
integrating ROS2 and Unity, and compare their processing capabilities.
Unity Robotics Hub is one of the methods for realizing communication
between Unity and ROS2 , and in reference 2), it was evaluated as
having the smallest latency compared to other methods (ROS#,
ROS.NET). On the other hand, ROS2 for Unity is a package that allows
you to use the native functions of ROS2 within Unity. Both take different
approaches, and each has its own characteristics and advantages. The
method of controlling the servo motor is also important. We use two
tools, Dynamixel SDK and ros2-control, to compare them. Three systems
with different characteristics were built to make the comparison. The
details of each are summarized in the next section.

2.2 Tools used for ROS2/Unity control 2.2.1 ROS2-

Unity integration method (1) Unity

Robotics Hub3) A project that

compiles various samples and tutorials for performing robot simulation
in Unity.
It provides tools to easily integrate Unity with existing ROS-based
workflows.
shows the communication compatibility between Unity and ROS2 achieved by this technology.
Unity cannot communicate directly with ROS2, so ROS TCP Connector
and ROS TCP
A ROS TCP Endpoint is provided. The ROS TCP Endpoint runs as a
ROS application and sends ROS messages to ROS.
Converts to a format that can be communicated with the TCP Connector. ROS TCP
The Connector runs as a Unity plugin and is a ROS TCP
It is responsible for passing communication data received from the
endpoint to the script in the Unity model.
Data exchange between ROS2 and Unity can be implemented via TCP communication.

(2) ROS2 for Unity4)

Unity and ROS2 ecosystem developed by Robotec.ai

> ROS TCP Endpoint

e e ——— 1
I % 1 3
, Unity L ROS2 |
I 1 o ]
! Unity robot | - I
: control Script : | ROS2 application |
I I - !
: . !
I Unity-ROS message : | ROS message |
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Figure 4. Data communication mechanism between ROS2 and Unity provided by Unity-Robotics-Hub

It is a high-performance communication solution that connects ROS2 and
Unity systems. It uses the ROS2 middleware stack and can communicate
without a bridge.
Data exchange between ROS2 and Unity can be done using DDS, the standard
communication protocol for ROS2, so there is no need for a normal bridge.
Compared to other ROS2 solutions, it has superior communication
latency and information processing capabilities. Objects in Unity
simulations can be treated as ROS2 nodes, publishers, and subscribers.

2.2.2 Servo motor control method (1)

Dynamixel SDK5) This

SDK provides various source codes and tools for using Dynamixel
servo motors. It is a software for controlling servo motors using packet
communication.
It is a software development kit that can be used on desktop and laptop
PCs, tablets, Raspberry Pi, etc.
It can be used with SBCs such as UpBoard and embedded boards that
support the Arduino IDE. It can also be used as a ROS library using C+
+ and Python modules.

(2) ros2-control 6)

It is a framework for controlling robots in real time using ROS2. It

simplifies the integration of new hardware. It provides a controller based

on control theory, enabling high-speed and accurate robot motion control.

It is closely linked to the ROS2 ecosystem, and can easily be linked to
other ROS2 packages by utilizing ROS2 messages and services. It can
be applied simply by adding the ros2_control tag to the URDF of the
robot to be used, and the controls commonly used in the ros2-control
framework are
Various control modes are available, such as position (angle), speed,
acceleration, force and torque, corresponding to the roller.
Compared to the Dynamixel SDK, it is easier to implement a unique
controller as a plug-in, and by selecting and applying the Controller
Manager appropriately and managing access to the hardware interface
more appropriately, it is possible to easily reduce the redundancy of the
Dynamixel SDK and achieve improvements that are suited to the intended use.
It is possible.

2.3 Details of the three control systems to be

compared 2.3.1 System 1

A conceptual diagram of System 1 is shown in Figure 5. This diagram
shows that messages generated in Unity are transmitted to the
Dynamixel servo motor via ROS2 to control the motor. System 1 uses
the Unity Robotics Hub package to link ROS2 and Unity. When using
Unity Robotics Hub, the robot control command values generated on

Unity are sent via the ROS TCP Connector and ROS TCP

The endpoint converts the data into a ROS message and sends it to
ROS2 via TCP.
Compared to using DDS communication, the latency may be slightly

larger.
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| RS Message | This allows Unity applications to easily operate frameworks that rely on ROS
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Unity : | ROS2 This allows data transfer without requiring any modification.
I . . .
| ROS Publisher Script | : : | ,Jff’a"«?ﬁ'fm | |R°h°ti5 Fo—— ROS required when using the Robotics Hub package
l : | '[ Dynamixel SDK (Python) This eliminates the need for intermediate processing such as TCP Connector.

!
1
[
1
1
E |

message formats, such as ros2-control. Communication between ROS2 and Unity

is via DDS, the standard communication protocol for ROS2. Servo motor control

[ p——— 5 N e —
TCP is done by a system.
Figure 5. Conceptual diagram of System 1 As with Stem 2, position (angle) control is performed using ros2-control.

The motors are controlled using the Dynamixel SDK, which transmits the target . .
3. Evaluation experiment of three control systems

angle for each motor and receives the current angle of the motor, thereby

controlling the position (angle). 3.1 Response evaluation experiment

2.3.2 System 2 3.1.1 Comparison method for system responsiveness

A conceptual diagram of System 2 is shown in Figure 6. System 2 differs from In the responsiveness evaluation experiment, we will investigate the effects that
System 1 in that it uses ros2-control in its servo motor control method. This system differences in the ROS2 and Unity collaboration methods and the servo motor
uses forward_command_controller7) as the control mode to control position control methods have on system responsiveness, and consider a system that is
(angle). The angle command value for the robot generated on Unity is sent to suitable for robot control. Figure 8 shows the experimental method for comparing
ROS?2 via the forward_position_controller/commands topic of ROS2. ROS2 and system responsiveness. This figure shows a series of processes in which the
Unity can be linked in the same way as System 1. target angle of the Unity model is sent to the servo motor via ROS2 to perform

control, and the current angle of the servo motor (encoder value) is fed back to
In order to use the Unity Robotics Hub package, the output data is sent via ROS Unity via ROS2. This series of processes will be performed in each of the three
TCP, which acts as a data intermediary between Unity and ROS2. systems, and the differences between the systems will be investigated.

The data is collected once by the Connector and ROS TCP Endpoint, and then

communicated. TCP communication is used as the data communication standard In the system comparison experiment of responsiveness, (i) response time and angle error,

between ROS2 and Unity. We quantitatively evaluate (ii) CPU usage and (iii) memory usage of the entire PC,
2.3.3 System 3 and (iv) CPU usage and (v) memory usage of each process. The response time in
A conceptual diagram of System 3 is shown in Figure 7. System 3 uses the this experiment was measured using the timestamp (Figure 8) obtained when

ROS2 for Unity package to link ROS2 and Unity. sending the target angle from Unity.

In the ROS2 for Unity link, the control data generated on Unity is directly transmitted The angle is defined as the difference between the time stamp (T1 in Figure 8)

using the ROS2 message format, and the bridge is established. obtained when Unity receives the encoder angle information and the time stamp

(T2 in Figure 8) obtained when Unity receives the encoder angle information. It is

measured by outputting a log in which the time stamp (hour, minute, second,
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angle. The experimental procedure is shown below in (1) to (7).
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Figure 7. Conceptual diagram of System 3 Fig. 8 Experimental method for comparing systems in terms of responsiveness
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. . Table 2 Response time and angular error results
(2) Start the Linux commands vmstat, free, and top in the background. P 9

(3) Wait three seconds for various processes to stabilize. joint 1 joint 2
IERER(ms)  MIEREEC ) e ERE(ms)  ANEREC )
VAT AL 75.8 0.75 17.5 0.72
(4) Program to control the robot after the process has stabilized run the above and VAT AL 645 0.75 64.7 0.71
VAT NS 50.3 0.77 49.7 0.74

measure for 17 seconds.

(5) Measurement procedures (1) to (4) were performed five times for each system,

and the response time, CPU usage and memory usage of the entire PC, "~
and CPU usage and memory usage of each process were recorded. 0 \-’._‘"W._H
25
(6) The average values of the measurement results are tabulated for each system.
(7) The differences between the systems are compared and investigated. = 20
&
3.1.2 Evaluation Results -
m
S1s
Table 2 shows the measured response time (the communication time from g
controlling the servo motor based on the target angle from Unity to feeding back the 10
encoder value to Unity). It also shows the error between the fed back encoder value
54 —8— System 1
and the target angle. Figure 9 shows the change in the overall CPU usage of the PC —&— System 2
—&— System 3
over time. s TTTTTT—T—TTTTTT T 7T
012 3 456 7 8 91111213141516171819
Figure 10 shows the change in memory usage across the entire PC. Time (s)
Tables 3 and 4 show the results of CPU usage and memory usage for each Figure 9. Overall PC CPU usage
process at 15 seconds into the experiment. The specific usage for each process is
shown below.
The connection process between ROS2 and Unity is broken down into items. CPU 19.2
usage is up to 600% due to 6 cores, and memory usage is 16 GB. 19.0
The response time results in Table 2 show that System 1 has the shortest response 18.8 4
time, followed by System 2 and System 3, and a significant difference was e
3 18
&
observed between all systems in the results of a multiple comparison of a two-group g
18.4
-3
test (p < 0.05). From these results, it can be said that System 3 is suitable in =
2 18.2 -
situations where response time is important. Additionally, no significant difference £
[T}
Z 18.0 1
was observed between the response times of Joints 1 and 2 in all systems (p <
0.05). This is attributed to the use of a two-axis robot arm. A more detailed L8
—8— System 1
investigation is required into the effect on response time when the number of joints 17.6 1 ®- System 2
—&— System 3
is increased. B4-——r——TT"7+r 71T 7777 Tr—1rT71T 7717
012 3 456 7 8 9101112131415161718 1920
Although the three systems showed a response time of about 50 to 80 ms, it is Time (s)
necessary to investigate whether they meet the operational requirements for fishing. Figure 10. Overall PC memory usage
This will be evaluated through the experiments in Sections 3.2 and 3.3.
(i") Consideration of angle
error The results of angle error in Table 2 all showed values between 0.71° and Table 3 CPU usage by process
0.78°, and no significant differences were found in any of the results of multiple FAT LB Unity®) 70+ X ROS2DF AR ROS2£ Unity DE
Fo+xs “pythond ~default_server_endpoint
. P o : y2741 EREN 115.7 80.9 L
comparisons of the two-group test (p < 0.05). Considering this, it cannot be said that A T i
] - R . ZotA% /| rs2_control_node [ robot_state_publisher
there is a statistically significant difference between the systems. YAFL2 TERE%) = 38 | 1.0
EREDEH %] a8
(i) CPU usage rate of the entire PC Fatas | res2_controlnode [ robot_state_publisher
DRTLI R[] 54 | 1.0
EREEHE | 115.0 | 6.4

Figure 9 shows that after Unity starts, the CPU usage rate is highest in System 1,
followed by System 2 and System 3. According to literature 8), it is important to limit
CPU usage in order to optimize ROS2 communication for real-time applications.

Table 4. Memory usage by process

This is also a valid point in this experiment.

Y AT L% Unity® 70+ X ROS20 70+ 2 ROS2 & Unitym i
7ot A% pythend’ d
YATL1 ERE(%] 4.7 0.2
ERROSH (%) 47 02
Atk ros2_control_node [ robot_state_publisher | default_server_en
VRFLZ %] a7 02 | 0.2 0.4
EREOEH%] a7 0.4 0.4
ECEEE] ros2_control_node | robot_state_publisher
YRFL3 SERE%] 55 0.2 | 01
EREOETN] | 55 | 03
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FCilEE§ 5.

(3) &H 70 A DLE & 3.

(4) 7 Z0%ER, Xy bEHIBETLZ 7075 A
ZFAT L CI7TRRIEHIT .

(5) (1) ~ (4) DFHIFNZ % > A7 A 501F 2170, b
BN, PCEfRo CPUMAIE L X £ —fli =,
Tut 2L CPUMMERE X £) — =% ik
5.

(6) FHUAS SR OYHMEE ¥ AT L T EIZERT 5.

(1) Y AT A O#EREE WIKHAET 5.

3.1.2 FHliiER

R2ZFHN L 2205418 (Unity 225 O HEMPEEIZ X 5T
H—RE—FZHBLTHS, T>¥a—FfE% Unity I
T4 =8Ny 735 FTCOMRBRE) OMELRT. Tz,
T4 —F Ny 7 EShl-nrya— ¥ BHEMEL DMLY
NI

BRI IC X A2 PCAA o CPUMHRDZEILZR9 12,
PCE&ARDOAE) —fEHFEOLLZ 1018 .

R3, RAWCERISPEETOTOL AT LD CPUMH
LX) —fFHEOMEELRT. BANETueATE
DEHEREZRL, ROS2ZO 7Tt A, Unity®7u+t X,
ROS2-Unity B o8k 7 0t A CHEHH T3 5. CPUHH
6T DORAK600%, *F)—fifI=I1L16 GBH®
iM% TH 5.

(1) I I B O R RE

FK2OIEHEH ORERN Y AT L1, VAT L2, VAT A
SOMUIIRNEREHAVNS K Y, ZHMEDS EILK O R
CBWTITRTOYAT AR THEENIZD LN (p<
005). COFERDG, INERMAEEZIRNTIES AT A
3L TCVWDLEFZA. T2, TRTOVATLAIIBW
TVaAd vy ME20RERMICEREIR N7z
(p<005). ZhiL, 28T Ry N7 —2 %L E
MEKRE LT oML, HEHIEIH 2 72O ISR~
DRBIIOVTE, XV RES LIRS,

=N Y AT ATHE0~80ms DINEHERLTWD
A, HDEMEIC B A IREEAE 2 L T E AT
BUENH L. 328 33O TG 5.

(") fAEEEAEDELE

R2OMPERAEORERD, $T071° 55078 DD
BAixRL, “HHMEDLELEOTRTOMEIIBNT
HEENRBO LN o7 (p<0.05) TLxZEEBTLHELE Y
AT LB OME A EEN DL LIS 2B\,

(ii) PC 4tk CPU fli Hi =

K9 Xy, Unity DRsaHICHERT 2L, YAT A1, ¥
AT N2, VAT LAIDOMIZCPUMTHENKREVW Li%h
PhH. XYL DL E, ROS20DMEEX)TNVIA LTS
VA — g VICEREALT B 72012iE, CPU & oI RAS
HETHLIEIRENTVS, KAERICBWTHZ Y%

587 (74)

R2 OEREH & AR ORI
joint 1 joint 2
IRERFE(ms)  fARERGEC ) RENFE(ms) M EREC )
AT A 75.8 0.75 775 0.72
VAT L2 64.5 0.75 64.7 0.71
VAT NS 50.3 0.77 49.7 0.74
30 R 5.
M“—*—-’—.—.—.
25 /
R 204 N
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215
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o
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5 | § / / —8— System 1 |
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012 3 456 78 9101112131415 161718 19
Time (s)
X9 PCAfkd CPUHIH
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19.0 4
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74 ——"TT—TT—T T TT T 7
0123 456 7 8 91011121314151617 18 19 20
Time (s)
10 PCAfho 2 €Y —flif#
*£3 SOt ATEOCPUMAR
YRFLE Unityd 70+ 2 ROS20 7Rt 2 ROS2 & Unity D388
Tt A% Unity python3 default_server_endpoint
Y27 L1 EAE%] 115.7 80.9 65
EAED AR (%] 115.7 0.9 65
70+t 2% Unity ros2_control_node |vobot_ststs_publishev default_server_endpoint
YRF L2 SERE%] 116.7 38 [ 10 83
FEREOEE (%) 116.7 48 83
Fntxg Unity r0s2_control_node | robot_state_publisher
YRFL3 EAE%] 115.0 5.4 | 1.0
ERED %] 115.0 6.4
g4 TOLATLEDRAE) i
YRTLE Unityp 7a+ 2 ROS20 70+ X ROS2 & Unity D3t
70t 2% Unity python3 default_server_endpoint
YATL1 BERE%) 47 0.2 0.4
EREDOEE(%] 4.7 0.2 0.4
70t 2% Unity ros2_control_node |robot_state_publisher default_server_endpoint
YRFL2 =% 47 02 | 02 04
EAED B (%] 47 04 04
70t 2% Unity 10s2_control_node [ robot_state_publisher
YRFL3 A= 55 02 | 01
RO BE (%] 55 03
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It can be said that results were obtained.

In addition, the time transition of the graph shows that when Unity is started, a
large load is applied to all systems.
In particular, it can be seen that in Systems 1 and 2, the memory usage increased
rapidly, peaked once, and then stabilized.

(iii) Memory usage rate of the entire PC
Figure 10 shows that the memory usage rate throughout the entire measurement
period was greatest in System 1, followed by System 2 and then System 3.
Since the difference is the same from before Unity starts the ROS2 node to the end,
the amount of memory used after Unity starts is about the same on all systems,
suggesting that there may be a difference in the amount of memory used before
Unity starts.

(iv) CPU usage by process According to
literature 8), in robot simulation using ROS2 and Unity, Unity processing accounts
for a large proportion of CPU usage, and evaluation by process also showed that
Unity and ROS TCP Endpoint consumed a large portion of the computational
resources. Similar results were obtained from the results of this experiment, so this
is a reasonable result. (v) Memory usage by process As shown in Table 4, although
there are differences in the

processes executed, as with (iii), the amount of
memory used after Unity starts up is about the same on all systems, and does not

have a significant impact on memory usage.

Itis clear that

3.2 Evaluation of performance during remote

control 3.2.1 Method for comparing operation time during

remote control In the performance evaluation, a control system is applied to a
remote-controlled fishing robot, and its performance is evaluated by measuring the
time required for a series of fishing actions. Specifically, the robot is controlled by
each of the three systems, and the responsiveness during actual operation is
investigated. Figure 11 shows the operator during the experiment. The fishing robot
and web camera were installed 5 m away from the control PC, and a situation was
set up in which the operator could not see the robot directly. The timing of the
measurements

is shown as T1 to T5 in Figure 12. The numbers in [ ] indicate the stage at which

the measurement function is installed and the measurement method. T1 to T5

Figure 11. Operator's appearance
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Figure 12. Flow of a series of fishing actions

The measurement timing is shown below.

T1: The measurer hangs a weight on the tip of the robot's pole (Figure a)

T2: Transmits load information to the microcontroller and notifies the user (see Figure 1).
11. Microcomputer 1)

T3: The user reacts and moves the controller (the command value sent from the
controller to the robot is 10 degrees or more).

(Fig. c)

T4: The user lifts the controller all the way up (the command value sent from the
controller to the robot is 70° or more) (Figure d).

T5: The current angle (encoder value) of the servo motor controlled based on
the command value is fed back via ROS2 and Unity (the current angle of
the servo motor is used to confirm that the rod angle is 70 degrees or
more).

A weight (40 g) was attached to the end of the pole. The person measuring the

robot prepared the weight by lifting it up, and measured the time when the weight

was released. This applied a load to the robot's joints.

Before starting the operation, the rod angle is kept below 10 degrees, and after
confirming the load notification, the fishing motion is performed. The reaction time
is measured when the rod angle exceeds 10 degrees, and the operation end time
is measured when the angle exceeds 70 degrees. Measurements are obtained
from Unity's time-stamped logs.

In addition, when evaluating the statistical significance of the system's
performance, we focus only on the intervals that vary due to differences in the
systems. Therefore, in this paper, we focus on the measurement results of the time
it takes for the operator's movement to be reflected in the movement of the actual
machine (T4-T5). increase.

3.2.2 Evaluation results

Table 5 shows the measurement times. A one-way analysis of variance showed
a significant difference (p < 0.05), suggesting that the average value of at least one
system is statistically significantly different from the other systems.

In addition, the results of the t-test for the cases without a corresponding relationship were compared.

Table 5 Time required for operator's movements to be reflected in the machine's operation

=] EHNGEE | 2ATA1 SAThL2 YATh3
4 BEEoOB=FEMORY N
FBRENZF[ms]

T4-T5 323.8 121.2 91.0
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Multiple comparisons showed that there were significant differences in all combinations
(p < 0.05). These results show that Systems 2 and 3 showed high overall performance,

with System 3 being optimal in situations where responsiveness is most important.

According to reference 9), a study that focused on the critical delay time at which
delayed self-body images and visual field images are no longer perceived as the self
found that the sense of the self-body and the sense of the self-field of vision decreased
as the delay in visual feedback increased, and the critical delay time at which the sense
of the self changed from the self to the other or non-self was 300 to 350 ms.

It has been shown that there is a possibility of providing a natural feeling of operation.
Compared to the results of this paper, the "time required for the operation of the actual
device (T4-T5)" is 121 ms for System 2 and 91 ms for System 3, which is less than 300
ms, indicating the possibility of providing a natural feeling of operation. The result of
System 1 is 324 ms, which is less than 350 ms, but some users may feel that the feeling
of operation needs improvement. This will be investigated in the psychological evaluation
in Section 3.3.

3.3 Evaluation of operability during remote

operation 3.3.1 Psychological evaluation experiment when operating a fishing robot

Remote-controlled fishing robots have the potential to provide a new form of
entertainment that allows not only fishing enthusiasts but also inexperienced people to
share a realistic fishing experience remotely. It is expected that the task will be easier to
perform and operability will be improved by controlling the robot as if it were a body, even
when in a distant location. Therefore, in addition to the investigation of the time required
for fishing motion as described in Section 3.2, we will evaluate how changes in
responsiveness due to differences in the system contribute to the psychological effects.
This will allow us to consider whether the robot and control system meet the conditions
for experiencing realistic fishing motion. In this experiment, we hypothesize that the
sense of agency, sense of body ownership, cognitive load, operability, reliability of
information provided, and preference during fishing motion will improve by improving the

responsiveness of the system, and aim to evaluate these.

In this experiment, 10 participants (9 men, 1 woman, aged 22 to 25) signed the consent
form and participated in the experiment after providing informed consent. Of the 10
participants, 4 had fishing experience and 6 had no experience. Figure 13 shows the
experimental setup. Participants first experienced operating

a real fishing rod to get a feel for real fishing movements. After that, they used the

controller.

Figure 13 Robot arm operation during psychological evaluation experiment

The participants were asked to operate the robot arm for about 30 seconds. The
participants were instructed to try various movements, such as moving slowly and
quickly. In order to compare the operating sensation of the three systems by
operating each system once, the participants answered a questionnaire after each
trial. In order to eliminate participants' expectations and preconceptions and to
collect more objective data, the participants were not informed of the system they
were using. In addition, the three systems were presented in different orders, and
the number of subjects was equalized to ensure balance. Three of the 10
participants were given the order of systems 1—-2 — 3, three were given the
order of systems 2 — 3— 1, and the remaining four were given the order of
systems 3— 1 — 2. In addition, in order to avoid the effect of video delay in this
experiment, the participants operated the robot while directly looking at it. In the
psychological evaluation experiment, the participants' physical cognition and psychological

evaluation were measured using the following six questionnaire items.

Q1. Sense of agency:
“The movement of the robot arm is caused by my own movement.”
Participants responded to the question, "I strongly disagree" and "I strongly agree" on a

7-point scale (1: "I don't agree at all" and 7: "l agree very strongly").

Q2. Body ownership:

The question "The robot arm was a part of my body."

Q3, Cognitive load: “How much psychological load (stress, anxiety, etc.) did you
feel when operating the robot arm?” Participants answered on a 7-point scale

from 1 to 7 (1: “Very strong”, 7: “Not at all’).

Q4, Operability: “Was it easy to operate the robot arm?” Participants answered on
a 7-point scale from 1 to 7 (1: “Very difficult to operate”, 7: “Very easy to operate”).

Q5, Reliability of information provided: “Was the feedback and information provided
by the robot arm appropriate?” Participants answered on a 7-point scale from 1
to 7 (1: Insufficient and difficult to understand, 7: Sufficient and easy to

understand).

Q6, Preference

Participants answered the question "How much did you want to use this robot?" on
a 7-point scale from 1 to 7 (1: "I didn't want to use it at all" and 7: "I really wanted to
use it"). The psychological evaluation results were examined for significant differences
between the systems. All data was tested for normality using the Shapiro-Wilk
test before analysis. In this experiment, none of the three systems compared in
all questions followed a normal distribution.
(Shapiro-Wilk test, p < 0.05). Therefore, the Friedman test (significant difference) is

suitable for comparison when there are three or more groups and a corresponding relationship.
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A multiple comparison between the conditions was then performed.
A Wilcoxon signed rank test (significance level 5%) was performed.

For the resulting box plots, the line inside the box indicates the median, and the upper
and lower edges indicate the third and first quartiles. The upper whiskers of the box indicate
the maximum value within 1.5 times the interquartile range (IQR = Q3-Q1) from Q3 (Q3 +
1.5xIQR). Similarly, the lower whiskers indicate the minimum value within the range of
Q1-1.5xIQR10).

3.3.2 Evaluation Results

Figures 14 to 19 show box plots of the psychological evaluation results obtained from the
experiment regarding sense of agency, sense of body ownership, cognitive load, operability,
reliability of information provided, and preference. Table 6 shows the results of tests to show

whether there were significant differences. Items marked with a circle are based on the Friedman
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Table 6. Psychological evaluation test results
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The p-values of the mean mean variance test (significance level 5%) and the Wilcoxon
signed rank test (significance level 5%) were less than 5%, indicating that a significant
difference exists.

The psychological evaluation results in Figures 14 to 19 suggest that Systems 2 and 3
are superior to System 1 in all evaluation items. Although the variance of responses for
each evaluation item differs for Systems 2 and 3, the median score for all evaluation items

was 5 or higher, indicating that they received high evaluations.

Table 6 shows that the psychological evaluation results showed that there were
significant differences in all evaluation items in the Friedman test (significance level 5%)
between the three groups, Systems 1 to 3 (p < 0.05). In addition, multiple comparisons
between conditions using the Wilcoxon signed rank test showed significant differences
between Systems 1 and 2, and between Systems 1 and 3, in all evaluation items (p < 0.05).

No significant differences were found between Systems 2 and 3 (p > 0.05).

The results of these psychological evaluations show that while the variance in responses
for each evaluation item differed for Systems 2 and 3, the median score for all evaluation
items was 5 or higher, indicating that the systems received high marks for robot operation.
From this, it can be determined that these systems meet the response conditions for
operating a fishing robot.

In addition, the test results showed significant differences between Systems 1 and 2,
and Systems 1 and 3 for all items. As mentioned in Section 3.2, the difference in “time
required for the actual machine to operate (T4-T5)” was 202.6 ms between Systems 1 and
2, and 232.8 ms between Systems 1 and 3, which resulted in differences in user evaluations.
The reason why Systems 2 and 3 showed similar evaluations and no significant difference
was found between the systems is thought to be because the difference between Systems
2 and 3 was only 30.2 ms, and users could not feel the difference in the feeling of operation.
In terms of opinions on how to improve the remote-controlled fishing robot, experienced
anglers expressed

the desire to feel the load when a fish is caught, and it was found necessary to improve
the method of notifying the load. Previous examples of remote-controlled fishing robots
include a master-slave system in which the load of a remote robot is fed back to the robot
on the operator's side.11) The control by the controller adopted in this paper does not

provide accurate load feedback.

However, in previous studies, the space occupied by the master robot on the user side
was not enough.

While the problem of the large space required for remote control fishing robots is that the
controller in this paper requires less space, the control method used in this paper can be
operated in a small space. The psychological evaluation results also showed that the
requirements for enjoying fishing were met overall, making this an effective control method

and further suggesting the practicality of remote-controlled fishing robots.

4. Conclusion

In this paper, we constructed an avatar fishing robot in a digital twin environment by
integrating ROS and Unity. In particular, we focused on the control of a real robot using a

game engine and its response.
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The response evaluation experiment in Section 3.1 showed that System 3 was the most We would like to express our sincere gratitude to the reviewers for their insightful comments,

responsive, followed by System 2 and System 1, and the remote operation performance detailed guidance, high expectations, and advice that has contributed to our vision for the

evaluation experiment in Section 3.2 showed that Systems 2 and 3 were the most responsive. future.
The results showed that the requirements for operating a robot naturally were met. Although .
(iterature)
the results of the operability evaluation experiment in Section 3.3 did not show significant
differences in all items, the overall evaluation showed that System 3 was suitable for 1) HMil—  “FTYINIA VORI -V Iab—varhbTYs

situations where responsiveness was required. In addition, in terms of the comparison of
the tools used, the responsiveness of the system was improved when ROS2 for Unity was
used for the ROS2-Unity integration method and ros2-control was used for the servo motor
control method. However, this result can be said in the experimental environment assuming
fishing as a specific example in this paper, and the constructed system is only one example.
Furthermore, since this system is a combination of existing assets and the comparison of
psychological evaluation is only a comparison of the created system, it is necessary to
proceed with the construction of a new system that takes a step forward to practical use.
Furthermore, in order to put a remote-controlled fishing robot into practical use, it is
necessary to develop a more natural robot control method, provide more realistic feedback,
and conduct demonstration experiments in remote locations. As a specific example, we
are considering adding a reel mechanism for winding up the fishing line to the controller.
We would like to improve the system so that the user can feel the load when a fish is
hooked by matching the tension on the fishing robot's line with the force of winding the reel

mounted on the controller.

In this research, we have been working on the creation of an avatar robot, using a
fishing robot as a subject. In an era where the fusion of the digital and real worlds is
progressing, the fusion of the virtual world, including the metaverse, and the real world will
also progress.

The avatar, which has both elements, can be used in both the real world and the augmented reality world.
It could become a unique means of transportation that allows users to seamlessly move
between the three worlds: the augmented reality (AR) world, the virtual world, and the
virtual reality (VR) world.12) Users will be able to freely control their avatars and act
according to their own goals and interests, transcending the boundaries between the real
and the digital worlds.

In this research project, we are conducting a system comparison and psychological
evaluation based on a basic framework as the first report on some of the elemental
technology issues of the basic concept of the "SPRESENSE-connected fishing information
platform" announced at the SONY-SICE Sensing Solution Ideathon/Hackathon13). Based
on the results of this paper, we are working in parallel to develop a mechanism built using
new system technology and new implementation methods for specific examples of fishing
gear for practical application necessary to realize the concept, by reconciling some of the

elemental issues of the basic concept. We will summarize these in the next paper.
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