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the platforms. The computer platform uses the arrow key on the keyboard.
The smartphone platform uses touchscreen. Virtual reality uses Oculus Touch
that has been integrated with Oculus Quest 2. ROS# as a robot API framework
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A. Introduction

The industrial revolution 4.0 and the rapid advancement of technology during
pandemic era has made significant progress in robot industry[1]-[6]. Several robots
developed to assist human in handling the covid suspects without having a direct
contact[7]-[12] . There are several applications for robots such as robot rescue[13]-
[17], military robot[18]-[22]. There are three types of robots based on the level of
independent control such as autonomous mobile robots, semi-autonomous mobile
robots, and controller mobile robots. Autonomous mobile robots have full control
capabilities without human assistance[23]-[28]. Semi-autonomous mobile
robot[29]-[33] and Controlled mobile robot still require human intervention in
carrying out the tasks. They needed to be controlled from either short distance or
long distance which also known as teleoperation. In running the teleoperation,
various communication devices are developed to help the user in controlling the
robots from a distance. Initially, infra-red was used to control robots at short
distance. Subsequently, another communication device used to control the robots at
a wider range such as, Bluetooth [34]-[42], Wi-Fi [43]-[48], and a combination of
Wi-Fi and Bluetooth[49].

There are several studies related to control in robot using joystick including
Rahman et al. [50], Prabhakar el al.[51] and smartphones including Irawan et al
[52], Chamim et al. [36] Nadvornik et al. [53] and El-Fakdi et al. [54]. However, those
studies do not provide camera visualization for the user. That becomes important if
the user cannot see the robot directly. Several studies have displayed visualizations
of robot teleoperation using computer displays including Zhang et al. [55]who
created a rescue robot and then, Senft et al. [56] makes telemanipulation on the
robotic arm. Apart from using computers, some studies use smartphones for camera
visualization including Ainasoja et al. [57], and using augmented reality also virtual
reality headset for camera visualization including Dardona et al. [58], Gonzalez et al.
[59], Kot et al. [60], Wibowo et al. [61], Stotko et al. [62], Solanes et al. [63], and Doki
et al. [64]. Those studies display a visual camera on teleoperation on each platform
so that users can see the environment around the robot. Teleoperation on those
robots is used in various fields such as rescue robots, military robots, and industrial
robots. However, those studies only use one platform for teleoperation, so they
cannot compare the user experience between one platform and another.

In this research, teleoperation to control a mobile robot uses a smartphone,
virtual reality device and computer (SVC) device. The camera functions as a visual
sensor on the mobile robot and appears on the SVC device display. The controller
used for the teleoperation varies depending on the platforms. The computer
platform uses the arrow key on the keyboard. The smartphone platform uses
touchscreen. Virtual reality uses Oculus Touch that has been integrated with Oculus
Quest 2. The communication process between robots and SVC devices uses the robot
API framework in Unity called ROS#.
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B. Research Method

This research used ROS (Robot Operating System) as a library to run the robot
dan Unity Engine to build the teleoperation software. ROS# (ROS Sharp) used as a
communication tool between ROS and Unity. The broad outline of the teleoperation
between the mobile robot and the SVC device used can be seen in Figure 1. Roscore
is used to collect all nodes and process communication between nodes. The robot
used in this research is Turtlebot 3 equipped with Raspberry Pi Camera (G) fisheye
lens. This camera serves as a visual sensor that dispatches information about the
surroundings to the user.

Display

Subscribe Image (/camera/image/compressed)

Roscore

ROS# Smartphone, Virtual Reality Headset and Computer (SVC) Device

Controller

Mobile Robot

|=>

Publish Twist (/cmd_vel)

Figure 1 The Diagram of Mobile Robot Teleoperation Using SVC devices

For smartphone platforms, touchscreen display is used to visualize the image
from the robot camera and to control the robot. For the virtual reality headset
platform, the head-mounted display on Oculus Quest 2 (now called Meta Quest 2) is
used to visualize images from the robot camera and Oculus Touch is used for robot
movement. For the computer platform, a computer monitor is used to display
visualization of the camera image, and arrow keys on the keyboard are used to
control the robot's movement.

For communication between robots and SVC devices, there are several topics
sent via Rosbridge. Rosbridge allows devices to send JSON to subscribe or publish a
node. The camera node will be subscribed by the SVC device via the
/camera/image/compressed message. The subscribed image can be displayed on
the SVC device as the visualization of the robot's environment. SVC devices
publishes twist nodes to mobile robot via the /cmd_vel message. The twist node
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sent to the mobile robot will determine the robot's movement. visualization of each
topic and node in the system can be seen in Figure 2.

/camera
/camera/image

/firmware_version

-

Pt /camera/image/compressed HH /rosbridge_websocket

/emd_vel

/imu /turtlebot3_diagnostics

/sensor_state

Figure 2 ROS Graph Visualization in the system

C. Result and Discussion

SVC devices can display captured images from mobile robot cameras. This
captured image appears on every screen on each platform. Figure 3 shows the
smartphone can display mobile robot camera captures. Camera capture can also run
in real time on a smartphone. On the smartphone device, mobile robot movement
control is placed on the touchscreen button. The two buttons on the left control the
forward and backward movement of the mobile robot. The two buttons on the right
control the right and left turning movements of the mobile robot. Those four buttons
can move the robot in real time both forwards and backwards as well as turning

right and left.

\

P

o

Figuré 4 Screen Dis\play on Virtual Reality Device
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Figure 4 shows the camera capture displayed in the virtual reality application.
On the virtual reality device (Oculus Quest 2), the robot control process is located
on the oculus touch, especially on the right thumb stick. In the experiment, the image
from the camera and control of the mobile robot on the integrated Oculus Touch can
run in real time. Figure 5 shows the computer can receive camera captures from the
mobile robot. On a computer device, the movement of the mobile robot is controlled
via the keyboard, especially the arrow keys. From the experiment, the camera
display and mobile robot control can run in real time.

Figure 5 Screen Display on Computer

The experiment in this study used a single usability metric (SUM) to determine
the level of usability of teleoperation devices. There are four items used in
measuring the single usability metric, including task completion rates, task time,
satisfaction, and error counts. Task completion rates show how much the user can
complete the task given in the experiment. Task time measures how quickly the user
completes the task given in the experiment. There is also a measurement of user
satisfaction in controlling the robot on each platform. And there is also a calculation
of the number of errors made by the user when using each device.

This usability testing involved seven people aged between 18 and 22. All users
often use smartphones and computers but never use virtual reality devices. Figure
6 shows the trajectory of a mobile robot controlled by users. Time and errors from
start to finish will be recorded and included in the SUM calculation. The error is
calculated when the robot hits the line on the trajectory. After the user successfully
controls the mobile robot with all SVC devices, the user will be given a survey to
measure user satisfaction in controlling the robot. This level of user satisfaction will
also influence the score of the SUM calculation. Table 1 displays the results of the
SUM calculation.

The average SUM score on smartphone devices is 54%, 37% on the low score,
and 64.1% on the high score. The test results with a smartphone got the lowest
score. That's because there is a delay when using a smartphone as a controller
device. These results can increase task time and lower user satisfaction scores. Apart
from that, the small screen size makes it difficult for users to control the mobile
robot.. The number of errors during testing is almost the same as testing using other
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devices. On Virtual Reality Device, the average SUM score is 79.5%, 61.8% on the
low score, and 88.1% on the high score. These result is higher than Smartphone
device SUM results but lower than computer device SUM results. On a virtual reality
device, there is no delay when performing teleoperation, however users is still not
used to using a virtual reality device, so the time needed for users to complete the
task is slightly slower than on a computer. Teleoperation using a computer has the
highest SUM score with an average of 90.4%, a low score of 74.6% and a high score
0f 95.4%. This score is obtained because the user is used to using the computer and
there is no delay when the user performs teleoperation using the computer.

Figure 6 Controlled Mobile Robot Trajectory

Table 1 SUM Calculation Results

Device Low Average High

Smartphone 37.0% 54.9% 64.1%
Virtual Reality Device  61.8% 79.5% 88.1%
Computer 74.6% 90.4%  95.4%

D. Conclusion

This research controls a mobile robot remotely using Smartphone, Virtual
Reality, and Computer (SVC) devices. ROS# (ROS Sharp) used as a communication
tool between ROS and Unity Engine. Mobile robots use cameras to provide visual
displays to users. The controller used for the teleoperation varies depending on the
platforms. SVC devices can display captured images from mobile robot cameras. On
the smartphone device, mobile robot movement control is placed on the
touchscreen button. On the virtual reality device (Oculus Quest 2), the robot control
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process is located on the oculus touch, especially on the right thumb stick. On a
computer device, the movement of the mobile robot is controlled via the keyboard,
especially the arrow keys.

This experiment used a single usability metric (SUM) to determine the level of
usability of teleoperation devices. There are four items used in measuring the single
usability metric, including task completion rates, task time, satisfaction, and error
counts. The smartphone device has the smallest SUM score because there is a delay
when the user uses it. SUM score of Virtual Reality Device result is higher than
Smartphone device SUM score but lower than computer device SUM score. That's
because virtual reality devices have no delay but are rarely used by users compared
to computers. The highest SUM score in the study was when the user used a
computer device because there was no delay and it was familiar to the user.

E. Acknowledgment
This paper would not have been possible without the financial support from
Universitas Sultan Ageng Tirtayasa internal grant year 2023.

F. References

[1] H. G. Tanner, “Editorial: Thought leaders in robotics and Al,” Frontiers in
Robotics and AI, vol. 10. Frontiers Media SA, 2023. doi:
10.3389/frobt.2023.1265092.

[2] R. Sekhar, P. Shah, and I. Iswanto, “Robotics in Industry 4.0: A Bibliometric
Analysis (2011-2022),” Journal of Robotics and Control (JRC), vol. 3, no. 5, pp.
583-613, Sep. 2022, doi: 10.18196/jrc.v3i5.15453.

[3] Z.Ruishu, Z. Chang, and Z. Weigang, “The status and development of industrial
robots,” in IOP Conference Series: Materials Science and Engineering, Institute
of Physics Publishing, Nov. 2018. doi: 10.1088/1757-899X/423/1/012051.

[4] Q.Zhangetal, “Research Progress of Nuclear Emergency Response Robot,” in
IOP Conference Series: Materials Science and Engineering, Institute of Physics
Publishing, Dec. 2018. doi: 10.1088/1757-899X/452/4/042102.

[5] R.W.Xuy, K. Chin Hsieh, U. H. Chan, H. Un Cheang, W. K. Shi, and C. Tin Hon,
“Analytical Review on Developing Progress of the Quadruped Robot Industry
and Gaits Research,” in 2022 8th International Conference on Automation,
Robotics  and  Applications  (ICARA), 2022, pp. 1-8. doi:
10.1109/1CARA55094.2022.9738583.

[6] F. Wang, X. Wei, ]. Guo, Y. Zheng, ]J. Li, and S. Du, “Research Progress of
Rehabilitation Exoskeletal Robot and Evaluation Methodologies Based on
Bioelectrical Signals,” in 2019 IEEE 9th Annual International Conference on
CYBER Technology in Automation, Control, and Intelligent Systems (CYBER),
2019, pp. 826-831. doi: 10.1109/CYBER46603.2019.9066492.

[7] M. Leung, R. Ortiz, and B. W. Jo, “Semi-automated mid-turbinate swab
sampling using a six degrees of freedom collaborative robot and cameras,”
IAES International Journal of Robotics and Automation (IJRA), vol. 12, no. 3, p.
240, Sep. 2023, doi: 10.11591/ijra.v12i3.pp240-247.

[8] I Rokhim, N.]. Ramadhan, and Z. Najakh, “CURe-Mi mobile manipulator robot
for contact-less COVID-19 patients serving missions,” IAES International

Indonesian Journal of Computer Science Vol. 12, No. 5, Ed. 2023 | page 2531



ISSN 2549-7286 (online)

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

Journal of Robotics and Automation (IJRA), vol. 12, no. 3, p. 262, Sep. 2023, doi:
10.11591/ijra.v12i3.pp262-273.

X.V.Wang and L. Wang, “A literature survey of the robotic technologies during
the COVID-19 pandemic,” ] Manuf Syst, vol. 60, pp. 823-836, Jul. 2021, doi:
10.1016/j.jmsy.2021.02.005.

Y. Shen et al, “Robots under COVID-19 Pandemic: A Comprehensive Survey,”
IEEE Access, vol. 9, pp- 1590-1615, 2021, doi:
10.1109/ACCESS.2020.3045792.

L. Aymerich-Franch and 1. Ferrer, “Liaison, safeguard, and well-being:
Analyzing the role of social robots during the COVID-19 pandemic,” Technol
Soc, vol. 70, Aug. 2022, doi: 10.1016/j.techsoc.2022.101993.

C. Deniz and G. Gokmen, “A New Robotic Application for COVID-19 Specimen
Collection Process,” Journal of Robotics and Control (JRC), vol. 3, no. 1, pp. 73-
77,]Jan. 2022, doi: 10.18196/jrc.v3i1.11659.

M. S. Shafkat Tanjim, S. A. Rafi, A. N. Oishi, S. Barua, H. C. Dey, and Md. R. Babu,
“Image Processing Intelligence Analysis for Robo-Res 1.0: A Part of Humanoid
Rescue-Robot,” in 2020 IEEE Region 10 Symposium (TENSYMP), 2020, pp.
1229-1232. doi: 10.1109/TENSYMP50017.2020.9230955.

C. Xin, D. Qiao, S. Hongjie, L. Chunhe, and Z. Haikuan, “Design and
Implementation of Debris Search and Rescue Robot System Based on Internet
of Things,” in 2018 International Conference on Smart Grid and Electrical
Automation (ICSGEA), 2018, pp. 303-307. doi: 10.1109/ICSGEA.2018.00082.
D. J. Nallathambi, “Comprehensive evaluation of the performance of rescue
robots using victim robots,” in 2018 4th International Conference on Control,
Automation and  Robotics  (ICCAR), 2018, pp. 60-64. doi:
10.1109/1CCAR.2018.8384645.

R. A. Firmansyah, W. S. Pambudi, T. Suheta, E. A. Zuliari, S. Muharom, and M.
B. S. Hidayatullah, “Implementation of Artificial Neural Networks for
Localization System on Rescue Robot,” in 2018 Electrical Power, Electronics,
Communications, Controls and Informatics Seminar (EECCIS), 2018, pp. 305-
309. doi: 10.1109/EECCIS.2018.8692861.

F.Feng, D. Li,]. Zhao, and H. Sun, “Research of Collaborative Search and Rescue
System for Photovoltaic Mobile Robot Based on Edge Computing Framework,”
in 2020 Chinese Control And Decision Conference (CCDC), 2020, pp. 2337-2341.
doi: 10.1109/CCDC49329.2020.9164803.

P. S. Kumar, I. G. Naveen, B. D. Parameshachari, and R. A C, “Military Robot
Design and Implementation For Wireless Communication,” in 2022 IEEE
North Karnataka Subsection Flagship International Conference (NKCon), 2022,
pp. 1-6. doi: 10.1109/NKCon56289.2022.10127070.

W. Budiharto, A. A. S. Gunawan, E. Irwansyah, and J. S. Suroso, “Android-Based
Wireless Controller for Military Robot Using Bluetooth Technology,” in 2019
2nd World Symposium on Communication Engineering (WSCE), 2019, pp. 215-
219.doi: 10.1109/WSCE49000.2019.9040985.

Z. Xu, “Military Education Robot Based on Wireless Signal,” in 2020
International Conference on Computers, Information Processing and Advanced
Education (CIPAE), 2020, pp- 359-363. doi:
10.1109/CIPAE51077.2020.00095.

Indonesian Journal of Computer Science Vol. 12, No. 5, Ed. 2023 | page 2532



ISSN 2549-7286 (online)

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

R. Ranjan, ]. Kye, K. O. Lee, and G. Kang, “Design of a Multipurpose Combat
Mobile Robot using Localization Sensor,” in 2022 22nd International
Conference on Control, Automation and Systems (ICCAS), 2022, pp. 1684-1686.
doi: 10.23919/1CCAS55662.2022.10003907.

W. Budiharto, V. Andreas, J. S. Suroso, A. A. S. Gunawan, and E. Irwansyah,
“Development of Tank-Based Military Robot and Object Tracker,” in 2019 4th
Asia-Pacific Conference on Intelligent Robot Systems (ACIRS), 2019, pp. 221-
224.doi: 10.1109/ACIRS.2019.8935962.

R. Hercik, R. Byrtus, R. Jaros, and J. Koziorek, “Implementation of Autonomous
Mobile Robot in SmartFactory,” Applied Sciences (Switzerland), vol. 12, no. 17,
Sep. 2022, doi: 10.3390/app12178912.

M. B. Alatise and G. P. Hancke, “A Review on Challenges of Autonomous Mobile
Robot and Sensor Fusion Methods,” I[EEE Access, vol. 8. Institute of Electrical
and Electronics Engineers Inc, pp. 39830-39846, 2020. doi:
10.1109/ACCESS.2020.2975643.

A. Thomas and ]. Hedley, “FumeBot: A deep convolutional neural network
controlled robot,” Robotics, vol. 8, no. 3, Sep. 2019, doi:
10.3390/robotics8030062.

A. Loganathan and N. S. Ahmad, “A systematic review on recent advances in
autonomous mobile robot navigation,” Engineering Science and Technology,
an International Journal, vol. 40. Elsevier B.V., Apr. 01, 2023. doi:
10.1016/j.jestch.2023.101343.

J. Zhao, S. Liu, and ]. Li, “Research and Implementation of Autonomous
Navigation for Mobile Robots Based on SLAM Algorithm under ROS,” Sensors,
vol. 22, no. 11, Jun. 2022, doi: 10.3390/s22114172.

M. V. Sreenivas Rao and M. Shivakumar, “IR based auto-recharging system for
autonomous mobile robot,” Journal of Robotics and Control (JRC), vol. 2, no. 4,
pp. 244-251, Jul. 2021, doi: 10.18196/jrc.2486.

A. Seppénen, ]. Vepsaldinen, R. Ojala, and K. Tammi, “Comparison of Semi-
autonomous Mobile Robot Control Strategies in Presence of Large Delay
Fluctuation,” Journal of Intelligent and Robotic Systems: Theory and
Applications, vol. 106, no. 1, Sep. 2022, doi: 10.1007/s10846-022-01711-3.
M. Z. Islam, A. Ahsan, and R. Acharjee, “A Semi-Autonomous Tracked Robot
Detection of Gun and Human Movement Using Haar Cascade Classifier for
Military Application,” in 2019 International Conference on Nascent
Technologies in  Engineering  (ICNTE), 2019, pp. 1-6. doi:
10.1109/ICNTE44896.2019.8945848.

M. Roshanfar, ]J. Dargahi, and A. Hooshiar, “Toward Semi-Autonomous
Stiffness Adaptation of Pneumatic Soft Robots: Modeling and Validation,” in
2021 IEEE International Conference on Autonomous Systems (ICAS), 2021, pp.
1-5.doi: 10.1109/1CAS49788.2021.9551120.

E. Ozgul and U. Celik, “Design and implementation of semi-autonomous anti-
pesticide spraying and insect repellent mobile robot for agricultural
applications,” in 2018 5th International Conference on Electrical and Electronic
Engineering (ICEEE), 2018, pp- 233-237. doi:
10.1109/1CEEE2.2018.8391337.

Indonesian Journal of Computer Science Vol. 12, No. 5, Ed. 2023 | page 2533



ISSN 2549-7286 (online)

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

P. R. V Meris, M. C. E. Manuel, G. M. C. Agustin, C. D. B. Bernal, |. C. Dela Cruz,
and R. C. Tud, “Development of a Wireless Semi-Autonomous Gas
Contaminant Detection Robot Using Raspberry Pi,” in 2021 IEEE 13th
International Conference on Humanoid, Nanotechnology, Information
Technology, Communication and Control, Environment, and Management
(HNICEM), 2021, pp. 1-6. doi: 10.1109/HNICEM54116.2021.9732001.

A. Wibisono, “Wheeled robot design with brain wave headset control system,”
Journal of Robotics and Control (JRC), vol. 2, no. 4, pp. 322-327, Jul. 2021, doi:
10.18196/jrc.24100.

A. Singh, T. Gupta, and M. Korde, “Bluetooth controlled spy robot,” in 2017
International Conference on Information, Communication, Instrumentation and
Control (ICICIC), 2017, pp. 1-4. doi: 10.1109/ICOMICON.2017.8279135.

A.N. N. Chamim, M. E. Fawzi, Iswanto, R. 0. Wiyagi, and R. Syahputra, “Control
of wheeled robots with bluetooth-based smartphones,” International Journal
of Recent Technology and Engineering, vol. 8, no. 2, pp. 6244-6247, Jul. 2019,
doi: 10.35940/ijrte.B3352.078219.

A. Andi, 1. Zainul, and A. Julpri, “Design of Telerobotic system using Bluetooth
with Behaviour-based Control Architecture,” in IOP Conference Series:
Materials Science and Engineering, Institute of Physics Publishing, Nov. 2018.
doi: 10.1088/1757-899X/453/1/012067.

S. Sagiroglu, N. Yilmaz, and M. A. Wani, “Web Robot Learning Powered by
Bluetooth Communication System,” in 2006 5th International Conference on
Machine Learning and Applications (ICMLA’06), 2006, pp. 149-156. doi:
10.1109/I1CMLA.2006.53.

0. Dalgic, A. Tekin, and B. Ugurlu, “An Experimental Study of a Bluetooth
Communication System for Robot Motion Control,” in IECON 2019 - 45th
Annual Conference of the IEEE Industrial Electronics Society, 2019, pp. 604-
609. doi: 10.1109/IECON.2019.8927130.

B. You, D. Lj, J. Xu, and D. Jia, “The Design of On-line Mobile Robot over
Bluetooth Technology,” in 2006 IEEE International Conference on Information
Acquisition, 2006, pp. 224-228. doi: 10.1109/1CIA.2006.305999.

J. Li, “Camera Recognition and Bluetooth Remote Control Based Automated
Large Size Ball Collecting and Classifying Robot,” in 2022 IEEE 5th
International Conference on Information Systems and Computer Aided
Education (ICISCAE), 2022, pp- 500-503. doi:
10.1109/ICISCAE55891.2022.9927608.

K.-R. Kim, S.-H. Jeong, W.-Y. Kim, Y. Jeon, K.-S. Kim, and J.-H. Hong, “Design of
small mobile robot remotely controlled by an android operating system via
bluetooth and NFC communication,” in 2017 14th International Conference on
Ubiquitous Robots and Ambient Intelligence (URAI), 2017, pp. 913-915. doi:
10.1109/URAIL.2017.7992864.

E. Poberezkin, H. Roozbahani, M. Alizadeh, and H. Handroos, “Development of
a robust Wi-Fi/4G-based ROS communication platform for an assembly and
repair mobile robot with reliable behavior under unstable network or
connection failure,” Artif Life Robot, 2022, doi: 10.1007/s10015-022-00792-
5.

Indonesian Journal of Computer Science Vol. 12, No. 5, Ed. 2023 | page 2534



ISSN 2549-7286 (online)

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

H.-W. Lee, Z.-C. Fang, and ].-Y. Chen, “A Study of WIFI Control Wheeled Robot
System with Ultrasonic Obstacle Avoidance,” in 2018 IEEE International
Conference on Consumer Electronics-Taiwan (ICCE-TW), 2018, pp. 1-2. doi:
10.1109/1CCE-China.2018.8448635.

Q. Zhang, J. Wang, Y. LU, and W. Wang, “Design of Control System for ARM
Vehicle Robot,” in 2019 International Conference on Robots & Intelligent
System (ICRIS), 2019, pp. 22-25. doi: 10.1109/ICRIS.2019.00015.

S. Yu, “Arduino based Balancing Robot,” in 2019 International Conference on
Electronics, Information, and Communication (ICEIC), 2019, pp. 1-2. doi:
10.23919/ELINFOCOM.2019.8706499.

M. Li, G. Wang, ]. She, Z. Liu, and D. Li, “Control of Wireless Network
Communication for Industrial Robot Servo Systems,” in 2018 37th Chinese
Control Conference (CCC), 2018, pp- 8315-83109. doi:
10.23919/ChiCC.2018.8482671.

H.-W. Lee, Z.-C. Fang, and ].-Y. Chen, “A Study of WIFI Control Wheeled Robot
System with Ultrasonic Obstacle Avoidance,” in 2018 IEEE International
Conference on Consumer Electronics-Taiwan (ICCE-TW), 2018, pp. 1-2. doi:
10.1109/1CCE-China.2018.8448635.

H. Gulati, S. Vaishya, and S. Veeramachaneni, “Bluetooth and Wi-Fi controlled
rescue robots,” in 2011 Annual IEEE India Conference, 2011, pp. 1-5. doi:
10.1109/INDCON.2011.6139500.

R. Rahman, M. S. Rahman, and J. R. Bhuiyan, “Joystick controlled industrial
robotic system with robotic arm,” in 2019 IEEE International Conference on
Robotics, Automation, Artificial-intelligence and Internet-of-Things (RAAICON),
2019, pp. 31-34. doi: 10.1109/RAAICON48939.2019.18.

M. Prabhakar, V. Paulraj, D. A. Karthi Kannappan, ]J. A. Dhanraj, and D.
Ganapathy, “Remote Controlled Pick and Place Robot,” IOP Conf Ser Mater Sci
Eng, vol. 1012, no. 1, p. 012003, Jan. 2021, doi: 10.1088/1757-
899x/1012/1/012003.

Y. Irawan, “Moving load robot using wifi network and android based,” Journal
of Robotics and Control (JRC), vol. 2, no. 3, pp. 217-220, May 2021, doi:
10.18196/jrc.2382.

J. Nadvornik and P. Smutny, “Remote control robot using Android mobile
device,” in Proceedings of the 2014 15th International Carpathian Control
Conference (1CCC), 2014, pp- 373-378. doi:
10.1109/CarpathianCC.2014.6843630.

A. El-Fakdi and X. Cufi, “An Innovative Low Cost Educational Underwater
Robotics Platform for Promoting Engineering Interest among Secondary
School Students,” Electronics (Switzerland), vol. 11, no. 3, Feb. 2022, doi:
10.3390/electronics11030373.

Y. Zhang et al,, “Earthshaker: A mobile rescue robot for emergencies and
disasters through teleoperation and autonomous navigation,” Journal of
University of Science and Technology of China, vol. 53, no. 1, 2023, doi:
10.52396/JUSTC-2022-0066.

E. Senft et al., “Task-Level Authoring for Remote Robot Teleoperation,” Front
Robot Al, vol. 8, Sep. 2021, doi: 10.3389/frobt.2021.707149.

Indonesian Journal of Computer Science Vol. 12, No. 5, Ed. 2023 | page 2535



ISSN 2549-7286 (online)

[57]

[58]

[62]

A. E. Ainasoja, S. Pertuz, and J. K. Kdmardinen, “Smartphone teleoperation for
self-balancing telepresence robots,” in VISIGRAPP 2019 - Proceedings of the
14th International Joint Conference on Computer Vision, Imaging and Computer
Graphics Theory and Applications, SciTePress, 2019, pp. 561-568. doi:
10.5220/0007406405610568.

T. Dardona, S. Eslamian, L. A. Reisner, and A. Pandya, “Remote presence:
Development and usability evaluation of a head-mounted display for camera
control on the da Vinci Surgical System,” Robotics, vol. 8, no. 2, 2019, doi:
10.3390/ROBOTICS8020031.

C. Gonzalez, |. E. Solanes, A. Muiioz, L. Gracia, V. Girbés-Juan, and ]. Tornero,
“Advanced teleoperation and control system for industrial robots based on
augmented virtuality and haptic feedback,” ] Manuf Syst, vol. 59, pp. 283-298,
Apr. 2021, doi: 10.1016/j.jmsy.2021.02.013.

T. Kot and P. Novak, “Application of virtual reality in teleoperation of the
military mobile robotic system TAROS,” Int ] Adv Robot Syst, vol. 15, no. 1, Jan.
2018,doi: 10.1177/1729881417751545.

S. Wibowo, I. Siradjuddin, F. Ronilaya, and M. N. Hidayat, “Improving
teleoperation robots performance by eliminating view limit using 360 camera
and enhancing the immersive experience utilizing VR headset,” IOP Conf Ser
Mater Sci Eng, vol. 1073, no. 1, p. 012037, Feb. 2021, doi: 10.1088/1757-
899x/1073/1/012037.

P. Stotko et al, “A VR System for Immersive Teleoperation and Live
Exploration with a Mobile Robot,” in IEEE International Conference on
Intelligent Robots and Systems, Institute of Electrical and Electronics
Engineers Inc,, Nov. 2019, pPp- 3630-3637. doi:
10.1109/1R0S40897.2019.8968598.

J. E. Solanes, A. Mufioz, L. Gracia, and ]. Tornero, “Virtual Reality-Based
Interface for Advanced Assisted Mobile Robot Teleoperation,” Applied
Sciences (Switzerland), vol. 12, no. 12, Jun. 2022, doi: 10.3390/app12126071.
K. Doki, K. Suzuki, A. Torii, S. Mototani, Y. Funabora, and S. Doki, “AR video
presentation using 3D LiDAR information for operator support in mobile
robot teleoperation,” in 2021 IEEE 19th World Symposium on Applied Machine
Intelligence  and  Informatics (SAMI), 2021, pp. 59-64. doi:
10.1109/SAMI150585.2021.9378687.

Indonesian Journal of Computer Science Vol. 12, No. 5, Ed. 2023 | page 2536



