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Real-time Environmental Virtualization Method for Telemanipulation of
Dynamic Objects Using VR Interface
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With the evolution of robotic technology, the expansion of operations into challenging environments underscores the growing need
for effective teleoperation systems. In such an environment, robots or machines can improve the efficiency and safety of tasks by
delivering more detailed and accurate information to workers through virtual reality (VR). Current teleoperation systems have
limitations in providing a comprehensive understanding of the work environment. Accordingly, this study proposes a technology that
utilizes VR to provide a high level of telepresence to workers and enable intuitive control. To achieve this, we introduce a pre-
generated computer-assisted design model for static objects beyond the viewing area of RGB-D cameras and a method fo update
the point cloud of the target objects, which are dynamic objects, in real-time. By incorporating this information, we created a 3D
visual map and delivered it to the operator in real-time through HMD, enabling the operator to clearly recognize the robot's current
location and surroundings. In addition, we introduced hand motion recognition through HMD viewpoints and VR controllers, allowing
the operator to intuitively control the robot. These techniques can improve the efficiency and safety of remote work.
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Left camera’s point cloud, and (c¢) Concatenated point cloud
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Table 1 Cosine similarity between operator’s hand trajectory and

Fig. 7 Attached makers on operator’s hand and manipulator EEF
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Fig. 8 Trajectory of operator’s hand and manipulator EEF
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w2 3D visual map  3min O4sec 0

M : Man, W: Woman

XY S 98 O3S 0 09372 F AA0] AT 252 o
4= olek. olu Hgxgto] Zkzk -0.048, -0.9612, FAR] FAFET}
& o] S & = Atk ol= Fig. 99] F i E Bl T
el o] F7]7} 2k 97 Ao} A& ) F= A A
Aol A ] 24 etz s GAET} Holx= AL FHelstg]
o ERF AR FARES] EFE HAPL e AL B3l iR
SARD FARE Batoll 77k & o Slek whebA 2GR
2 7142 Manipulator EEF7} 24127 22312 oF 2= 9lc}.

4.2.2 2D RGB 0|0|X|2} 3D Visual Map2| Pick and Place =4
AlZH H|n

4R Hd 27T ]l oA 2%S e E Fig 103 22
% RGB-D 7z} el BSek A2 t}2 A14e] 2D RGB o]
nx] EX Fig. 49} 22 3D Visual MapS 2-85t0] 1t
Target Objecto]] T34 Pick and PlaceE ~3)sl=1] A= A
743} Pickingo] AojEt 2152 5 A9 247t Zgskact. 1 2
I}= Table 29} ZtT}.

54 Ay 2E AP 2D RGB o|u|X|E &-g-sto]
Pick and Placed 43+ w2t} 3D Visual Map2 &85}
Pick and PlaceE 4-3J5}92 uf] 2 /\]7]'0] it 15.5% F&
AL & 4 9tk ESF 3D Visual MapS -85} Pick and
PlaceE =33t 79 Pickingo] Aufigt 7 7} 9= ¥idH, 2D
RGB o|n|x|& &85} Pick and PlaceE 435t H$
Manipulator®] &z} ZAE & 4= §la1 Target Object®} EEF
Atolo] AgjE AestA 7k Eall EEF} Target Object7t

©7} ¥kgsto] Pick and Placeo]] Asi3t 97} wr

A&}t o] £33 Pick and PlaceE 2233 )], 3D Visual
ape %L%%}% #10] 2D RGB o]u|A| 2 8al= ARt 24
A7) 2H] A7ho] ThEES BRI 4= Qi)

2 =wolAe 94 s FFAI7171 f1si4 RGB-D 7+
H|2}2] Point Cloud A X2} 3D CAD Model 522 JLA4% 3D
Visual Map2 AJAISHE T A4S 3D Visual Map: 7|Hto 2
Manipulator®] ¥z A& £35}= 2AAE €3k VR Qg
o8 Akt o) AZal] Sfak e AU,

ARKE VR QUS| A% BT 07 Aojel 25 FoHIL

Fol7] 9190 B4 A Sk Fgate] Ao & A4
1} Manipulator EEF9] #|&S v|wdl= AdLS Y5t &
wlo] 4% 2 EEF/L 212i2he] 4= 719 Alole] SAjS1 SAKE
7} BE 09 ol4Ue o % qlgitk. o|S Ea Manipulator
EEF/} 2t9i7je] 4 A4€ Astebl 552 o 4 2o,

Cheo® 2R} esile] A
o 2 AL U A2 HE G Bl U
3

O

Place 53} 22 271 Alo] 442 S mﬂ, Bo % ]
713 AT BEAD 4 QLS Aol 7ot

ACKNOWLEDGEMENT

o] =R 204U % AR IS BEAIRC] Yo Hr
EX7)8H 710 Y e dlol S35 XX 55 AR FAIA;
21(No. IITP-2024-RS-2022-00156360)t, 45318} 7|4 HE AR

APoz gl TtAete] 2] €(No. 2024RIFIA1074704), AH(AH]
A A o® A7 RS9 A1 (No. PO017033,
2024 AR S A1 Q1A AR DALY S whof 4=3E L],

REFERENCES

1. Noh, D., Choi, H., Jeon, H., Kim, T., Lee, D., (2024), Upper
extremity motion-based telemanipulation with component-wise
rescaling of spatial twist and parameter-invariant skeletal
kinematics, Mathematics, 12(2), 358.



May 2024 /339

Choi, H., Jeon, H., Noh, D., Kim, T., Lee, D., (2023), Hand-
guiding gesture-based telemanipulation with the gesture mode
classification and state estimation using wearable imu sensors,
Mathematics, 11(16), 3514.

Pan, Y., Chen, C., Li, D., Zhao, Z., Hong, J., (2021), Augmented
reality-based robot teleoperation system using RGB-D imaging
and attitude teaching device, Robotics and Computer-Integrated
Manufacturing, 71, 102167.

Kim, M. U., Choi, J., Yoon, Y., Park, J., (2023), VR-based
remote robotic control for reusable launch vehicle refueling,
Proceedings of the Symposium of the Korean Institute of
communications and Information Sciences, 582-583.

Stotko, P, Krumpen, S., Schwarz, M., Lenz, C., Behnke, S.,
Klein, R., Weinmann, M., (2019), A VR system for immersive
teleoperation and live exploration with a mobile robot,
Proceedings of the 2019 IEEE/RSJ International Conference on
Intelligent Robots and Systems (IROS), 3630-3637.

Kim, M., Kim, H.-S., Kim, H.-J., Hwang, C.-H., (2023), Visual
information transmission methods for virtual/augmented-reality—
based telepresence, Journal of Digital Contents Society, 24(10),
2509-2517.

Jo, H.-H., Ishangulyyev, G, Kim, J.-Y., (2023), Development and
motion control of a lightweight robot arm for teleoperation using
VR headset, Proceedings of the Transactions of the Korean
Society of Mechanical Engineers-A, 47(12), 927-935.

Su, Y., Chen, X., Zhou, T., Pretty, C., Chase, G, (2022), Mixed
reality-integrated 3D/2D vision mapping for intuitive teleoperation
of mobile manipulator, Robotics and Computer-Integrated
Manufacturing, 77, 102332.

2

Jae Hoon Jeong

B.Sc. candidate in the School of Mechanical
Engineering, Soongsil University. His
research interest is robot engineering.
E-mail: wogns1218@gmail.com

Jin Gang Lee

M.Sc. candidate in the Department of Intel-
ligent Robotics, Sungkyunkwan University.
His research interest is robot engineering.
E-mail: jinkanglee@g.skku.edu

Dan Kim

B.Sc. candidate in the School of Mechanical
Engineering, Soongsil University. Her
research interest is robot engineering.
E-mail: gdan7140@gmail.com

Hae Gyeom Choi

Ph.D. candidate in the School of Mechanical
Engineering, Soongsil University. His
research interest is robot engineering.
E-mail: choihg@soongsil.ac.kr

Dong Hun Lee

Professor in the School of Mechanical Engi-
neering, Soongsil University. His research
interest is robot engineering.

E-mail: dhleeO4@ssu.ac.kr



	Real-time Environmental Virtualization Method for Telemanipulation of Dynamic Objects Using VR Interface
	1. 서론
	2. 문제 정의
	3. VR 인터페이스 디자인 및 원격 제어
	4. 실험 평가
	5. 결론
	REFERENCES


