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Geometric modeling and modification method for virtual environment of
telerobot based on visual-tactile fusion
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(1. China Airborne Missile Academy ,Luoyang 471009, China; 2. School of Instrument Science and Engineering,
Southeast University , Nanjing 210096, China)

Abstract: To improve the accuracy of geometric modeling of the telerobot virtual environment, a method for correcting the geometric
modeling of the telerobot virtual environment based on the visual-tactile fusion is proposed. Firstly, based on the visual information, the
geometric modeling of the target is realized through point cloud acquisition and preprocessing, point cloud registration combined with
thick and thin registration, surface reconstruction and pose measurement. Then, aiming at the application background of telerobot, a
dexterous hand control mode combining local semi autonomy and multi finger cooperation is designed to complete the collection of target
tactile point cloud. Finally, the visual-tactile fusion method is used to fuse the visual point cloud and the tactile point cloud through
KDtree, and the visual-tactile fusion point cloud is used to modify the geometric model. Experiments show that the geometric dimension
error of the geometric modeling of the target with different materials by this method is less than 3. 6 mm, the positioning error is less than
6.8 mm, and the attitude angle measurement error is less than 4. 3°. The effectiveness is better than the geometric model based on visual
information and the geometric model based on tactile information. The geometric model constructed by this method not only includes the
color information of the target, but also improves the accuracy of the geometric model. It performs well in the details of the model, which
effectively combines the advantages of visual and tactile modal information.
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Fig. 1 Flowchart of geometric modeling of unknown target

virtual environment based on visual information
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Fig.2 Visual point cloud preprocessing rendering
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Fig.3 Rendering of point cloud registration combined with

coarse and fine registration
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error diagram of geometric information measurement

based on visual point cloud and tactile point cloud

i@ﬁﬂ’]ﬁ‘fﬁ%% 7 B 1R 25 DA A 18 2 IO B R

AR B R B R A A T 5 o5 = RAE BT 25 5 WA )
1$%§E,Jﬁﬁiﬂ<%ﬂ@ﬁﬂﬁ,ﬁfﬁﬁﬁ%o XTI, fil
Ve 7 B FERE ], 07 1 0 2R R R 23 i A A 3R T Y
TREE , R/ N 5 v A 8t 1 B MR P TR AE — o, M
LI e .

3 L S AT FE T A b 5 2 08 TUART 2% AR Ty Ik X
KB Rt & R G J il AR i 1) AR B, i
FETAGE 5 2 0 U AT 2 AR 5 o o) 4R | T 40 B 28 3
JETRE it ) RO AT
3.3 fifEEsRz/LAERNEXNE

oSS 2 5 5 A% B T A Ak S ) LA 2 R A
e, HrP AR AT S B n B 10, BEBRAHIEI ARG 5 RS UEST
BT P fi i s 0 JLART A S D 6 S A o
10 ¥R, oAb 3 B KA AR B M 32 i /)N ) T 40 e 1) ik
TR Al Rl s 2 P LA 2= R R SR AN 18] 12 o

HE 12 FTLUE 36Tl G i = 1 = 4R R A
BT EE T vt i 2= ) = 4R T APk HOREE T
M =4 AR B i s 8. [
K(24) ~ (26) AR 5 M TGS = T
il i w25 AL T LA A 5 05 2 A L AAT i 2000 o 7 RUST 12
2= NEIREAZESMIRE, SR ME 13 i,

L 13 BT LU AT BT 5E 5 25  JLAn] 2
L7 VL FILEE T Al i o 25 A T L] 2 S 7 43 0] B 3 3
JOFIRE SR i, 6 T PR ok 5 A5 2 18 T LA 22 A 7 T AN
AR R ST ot A 2 R BT A, 7 JLAR] RS R 22 0 3



108 % L FR ¥ K 445

HEe  ETHMREE S

RN E Rz PR 7 el

fili bt j

(a) ARGV A & BAL TR RO RUR
(a) Visual-tactilefusion modeling process and
effect diagram of wood block

P & HT LA A R

Rz PRIEY i bl
= =

e é
B vl ‘ .

BTt

RBM=

i el
(b) AR Ak 5 BRI OR

(b) Visual-tactilefusion modeling process and
effect diagram of sponge block

P12 ARl S A R AR I
Fig. 12 Visual-tactile fusion modeling process and

effect diagram

147
mEFYHAR
127 R
ol » TR
fRFig
ol T £
AEMRTRE

PR RFRZ/mm

AR G BHE K& AR
M ARR

(a) 3P = LR BMER R RE
(a) Dimensional error diagram for geometric information
measurement of three point clouds

14
B ETRAE

N IR B R 2

0 u TR A E
2

) HTpES
MR E R

S84 B R /mm

0
Ak g BRG K& EAR
AT
(b) 3P R = JUE BN E R EiRE
(b) Position error diagram for geometric information
measurement of three point clouds
7 -

BETUHRRS
MBEfIRE

mETME RS
MESHBRE
FF AR fhRLE
HoWEER
RZE

THEBAIREN)

AH REE BEE fKa AR
PR

(0) 3P Rz JLAE S NERESHIRE
(c) Attitude angle error diagram for geometric information
measurement of three point clouds

13 = s U5 B Y RO iR 22 8] A
RER MBS MIRE
Fig. 13 Dimensional error diagram, position error diagram and
attitude angle error diagram for geometric information

measurement of three point clouds

T AR AR AL T 5T B — R3S i 2 B LA~ 7 1 R JEE
o MTRETURE R s = fEEd R P EZ N E s
FEBIENN, 1X 2 S B T 5L 5 2 1 JLAAT 22 R RS g
Ko XETHYIAR, AE AT il 58 50 = R B 5 RA P 1A
3 R A () 5 1 2 1) A PN A TMT B, 5 B0 fh o A6
YN I VAN B R/ 5 S e DDV = 5 & e D
SEE VIR R AR T IR A 2 B L
AT XA A RO IR 22 B/NT 3.6 mm , XA
B E LR ZE /T 6.8 mm, X 45 ANFE I 2 A 1R
FZER/INT 4.3 (ERRE A A i R A /)N | T R i
Bk s B LT R AL T LA RS A0S 2800 T THT 1 22 128 ¥
HER o oh T R BURE i i B A 25 DR 2 AR T R TR e B



541

PRRIF 45« T Wk 5 190288 A AL AR AUL PR S5 T LA 2 A 1 1% 109

R, PRI T A0 il 15 5 2 1 LA 2 A 1 o B I
A BEACRATI L T RS RE

4 & i

FEXTIEARAE RGP RS LSS (5 B E AT KR LA 45 L
i 2 A AR R 25 11 [ 50, AR SCHRE HE T — o 35 400 f i
A IR BRVENL AR AR IR BE U2 #AE I 0 i, %07
TR B S e R A 2 A i Bk R A S SE R
N E B R U AR A SRS 0 R 0 T3l o R A
F AR PRI A ) AT b B A R AR I e Lk
bS5 2 1 B i U2 Bt B R R S =
FAEE KDtree K fi e 5 25 H ) 45— s YA £ 360 5, fof P
AR A A R LA R B AR A AR
A5 BN WA Rl A 5 2, o S BT K ML ER 885 LA 22 d A
IEREM, S5 50 E 3 Tl Gl A a5 2 i LT B
ZEE0 I AN W= VA 72 £ ol W £ s e s
PN PR P IE S N S SN PR I S IE D a7 N
IFil ACREE 2 PO A R A R LT 2B TR ROR . I HLET
P A s 2 0 ST A R AT E AR ) 1) 01 G S, A
TR, 7 /A 5 400 At R B R, %07 1 nT AR
B TEARAE RGP R SR BT LA 25 AL A B A R T 4R
PR PR o B S I L0 B 5, 0 TR R R L
HHEEE Y,
S % 30k
[ 1] WP, JBAGTE, BRAl, 45, TolkLes ARt & 2 )
FAZE R [J]. b i 38 3 K 2% 2% 4, 2016, 50 (S1) .
98-101.
MENG M H, ZHOU CH D, CHEN L B, et al. A review
of the research and development of industrial robots [J].
Journal of Shanghai Jiaotong University, 2016, 50(S1) ;
98-101.
REZE. NG RE R B A (D) R R RS M
IRCY). ISR B TR 4 ELRRRE ) L2013,
5(1):1-19.

(2]

SONG AI G. Force telepresence telerobot technique(1) :
Technology development and current situation [ J ].
Journal of Nanjing University of Information Science &
Technology ( Natural Science Edition), 2013, 5(1):

1-19.

(3]

[4]

(5]

[6]

(7]

[8]

(9]

[10]

PHFEWF, R 2, k158 , %, BT CNN-GRU fiE #4E
DL ANBRAVEF U 5 A 38 0 B 4 ) O g [0 ] A
{0 Fe24 2021 ,42(3) . 123-131.

YANG Y Y, SONG Al G, SHEN SH X, et al. Operator
recognition and adaptive speed control method of
teleoperation robot based on CNN-GRU [ J]. Chinese
Journal of Scientific Instrument, 2021,42(3) .123-131.

BT O B i 2 2 pg MLER NEBR )], R =,
2009(23) :54-56.

A B. Robot police force to ensure Expo safety [ J].
Prosecutorial View, 2009(23) : 54-56.

R, Rk 3 E Tl ALES A SR ORI A &
JEERIE ()], HLAR TR 241, 2014,50(9) : 1-13.

WANG T M, TAO Y. Research status and
industrialization development strategy of chinese industrial
robot [ J]. Journal of Mechanical Engineering, 2014,
50(9) :1-13.

5l E 5, E T, XK. BRITALGs ABOR B REER[T].
HUC TR 2#4H ,2015,51(13) :45-52.

NI Z Q, WANG T M, LIU D. Survey on medical
robotics [J]. Journal of Mechanical Engineering, 2015,
51(13): 45-52.

SENGUL A, RIVEST F, ELK M V, et al. Visual and
feedback change telepresence :

force time-delays

Quantitative  evidence from crossmodal congruecy

task[ C]. World Haptics Conference, IEEE, 2013
577-582.

HORN B K, SCHUNCK B G. Determining optical
flow [J]. Artificial Intelligence, 1981,17(1) ;185-203.
MARR D, POGGIO T. A computational theory of human
stereo vision [ J]. Proceedings of the Royal Society of
London, 1979, 204(1156) :301-328.

A, BN, ZE Ak AR, AR TR0 AY = 2k E A e d
HARMFELEIR[T]. A 3k2#4]k,2020,DOL; 10. 16383/
j. aas. 2017. ¢170502.

ZHENG T X, HUANG SH, LI Y F, et al. Key

techniques for vision based 3D reconstruction: A



110 & L R ¥ W a4k
review [J]. Acta Automatica Sinica, 2020, DOI. Electronic Measurement Techology, 2020, 43 (12).
10. 16383/j. aas. 2017. ¢170502. 75-79.

[11] NEWCOMBE R A, DAVISON A J, IZADI S, et al (18] kA&, KW E. FTF Point-to-Plane ICP i 5 = 5 1%
KinectFusion: Real-time dense surface mapping and Bl H L) ] RN S B TR, 2017,45(12) .
tracking [ C]. 2011 IEEE International Symposium on 2510-2514,2546.

Mixed and Augmented Reality, IEEE, 2011; 127-136. ZHANG X, ZHANG SH X. Automatic registration of

[12] . PLas AR5 A AU B 38 R IO point cloud and image data based on Point-to-Plane
WFE[D]. FEIREE PRI Tl K2, 2017. ICP[J]. Computer & Digital Engineering,2017,45(12) ;
WEI H W. Research on object touch recognition and 2510-2514,2546.
adaptive ggrasping by robot dexterous hand [ D . [19] P, ¥R, ICP BEETE 3D sl e i v (9 g F A
Harbin: Harbin Institute of Technology, 2017. R[] AN E ,2010,27(8) :235-238.

[13] 545 . 18 )28 MIHLER G B I IR 2 5 AL 3E YANG X H, WANG H N. Application research of ICP
HHATI[D]. B AR KF,2018. algorithm in 3D point cloud alignment [ J ]. Computer
NI D J. Research on technology of environment modelling Simulation,2010,27(8) :235-238.
and  human-robot interaction  for  space  robot [20] RUSU R B, MARTON Z C, BLODOW N, et al.
teleoperation [ D]. Nanjing;Southeast University, 2018. Towards 3D point cloud based object maps for household

[14] AL & BAENLA A B B0 5 A K 525 oF environments [ J ]. Robotics & Autonomous Systems,
X[ D]. MR ARF R ,2018. 2008, 56(11) :927-941.

YUAN Z L. Research of telerobot based on virtual [21] KAZHDAN M, BOLITHO M, HOPPE H. Poisson
envirment modeling [ D]. Nanjing: Southeast University, surface reconstruction| C]. FEurographics Symposium on
2018. Geometry Processing, 2006:61-70.

[15] B3O BETHLAS A RIS T b 38 0P s 5 R [22] LT, REE, BHRTYE, . I8 w2 LA 040 fil
H[D]. FE AR K, 2020. s AR R B RS [T]. 2 AN K, 2022,28(2):
HUI W SH. Research of obhect perception and grasp 213-222.
control based on dexterous hand tactile [ D]. Nanjing: SHEN SH X, SONG AI G, YANG Y Y, et al. Visual-
Southeast University, 2020. tactile fusion target recognition system for space

[16] MBS, K, & A REE—EUHE Mk it manipulator [ J]. Manned Spaceflight, 2022, 28 (2):
BRI S O[] #0245 ,2019,40( 10) 213-222.

45-50. [23] SEffh, TJ1, 830, 55, JEF KDTree B FIRRZ B
ZHAO M F, HUANG ZH, SONG T, et al. Point cloud BRI AT R B IF 5T [ ], 954 148, 2019,
registration method based on sample consensus initial 41(12) :1410-1415.

alignment and iterative closest point algorithm [ J]. Laser FAN J J, WANG L, CHU W B, et al. Research on
Journal, 2019, 40(10) ; 45-50. pedestrian recognition in cross-country environment based

[17] Z2Mg, TR, IR . =4 @b S = A =T on KDtree and Euclidean clustering [ J]. Automotive
R[], B 2020,43(12) ;75-79. Engineering, 2019, 41(12): 1410-1415.

LIY M,WAN W G, WANG X ZH. Research on point [24] MHEL. ET Kinect B FH il i 1 = 4 2 1w 45 5

cloud registration algorithm in 3D reconstruction [ J ].

D). MR MRE T K,2015.



541

PRRIF 45« T Wk 5 190288 A AL AR AUL PR S5 T LA 2 A 1 1% 111

LIN Y D. 3D surface modeling of remanufactured parts
based on Kinect [ D ]. Harbin; Harbin Institute of
Technology ,2015.

- 23 (L REARAEAILAS M FLTT 0 PR 45 e BH AR B

5[ D]. 5L AR K25, 2005.

[25] Z&

LI H J. Research on predictive envirment modeling for

space tele-robot [ D ]. Nanjing: Southeast University,

2005.
EEE N

PERI W (A5 1E ) , 2019 4F T g 5 B
TR 20,2022 4T 2K K2R
PRI -2, A v ] 2 25 S SR 5 e B 2
AR, B TS 0] R HL AR B RAE, E
i) B LA

E-mail ; yyy_seu_yk@ 163. com

Yang Yuyan ( Corresponding author) received her B. Sc.

degree from Nanjing University of Science and Technology in

2019, and M. Sc. degree from Southeast University in 2022. She
is currently an assistant engineer at China Airborne Missile
interests  include  robot

Academy. Her main research

teleoperation, BLDC, etc.

REE, 1993 4F T ¥ 5UILZE TR K5
AR = F07, 1996 4F F 4 B K 2= 3k 15
L2, BN AR B R B4R, EEMR
W57 1) R B B AE R AR ML B R
PLas N5

E-mail ; a. g. song@ seu. edu. cn

\

Song Aiguo received his M. Sc. degree from Nanjing
Aeronautics and Astronautics University in 1993, and Ph. D.
degree from Southeast University in 1996. He is currently a
professor at Southeast University. His main research interests

include teleoperation, human computer interaction, rehabilitation

robot, etc.



