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Positioning and Grasping Algorithm for Robotic Arms Based on Monocular Vision

FENG Yingbin' ,LIU Pan' ,WANG Tianlong” ,ZENG Chengfeng'

(1. Shenyang Ligong University , Shenyang 110159 ,China;2. Chinese Academy of Sciences,
Institute of Robotics and Intelligent Manufacturing Innovation, Shenyang 110169, China)

Abstract: To address the limitations of traditional monocular vision positioning methods in depth
perception, this paper proposes a positioning and grasping algorithm for robotic arms based on mo-
nocular vision. Firstly by leveraging camera calibration and hand-eye calibration techniques,an ac-
curate geometric model of the vision system is established, thereby laying the foundation for visual
perception. Secondly , preprocessing operations are performed on the acquired images,and a nonlin-
ear optimization strategy based on the Levenberg-Marquardt( L-M ) algorithm is employed to mini-
mize reprojection errors , thereby obtaining the pose information of the visual fiducial marker( April-
Tag code) . Third,the kinematic model of the robotic arm is established using the Denavit-Harten-
berg( D-H ) parameter method. The inverse kinematics is then solved based on a geometric ap-
proach , thereby enabling the robotic arm to grasp target objects. Finally, experimental validation
demonstrates that the proposed algorithm achieves precise positioning and grasping of AprilTag fi-
ducials, significantly enhancing the operational efficiency of monocular vision systems in robotic
manipulation tasks.
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Fig.1 Algorithmic framework for positioning and

grasping of monocular vision robotic arms
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Table 1 Camera Intrinsic Parameters
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Table 2 Hand-eye calibration parameters

x;/mm y;/mm z/mm  R./(°) R/(°) R/(°)

-112.92 -10.67 48.92 -90.82 0.3l -90. 17
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Fig.6 Images processing results
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Fig.7 Robotic arm structure
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Table 3 D-H parameters

i d;/mm a;_,/mm a;,_/(°)
1 0 0 0

2 0 103 -90
3 0 129 0

4 0 129 0

5 171 0 -90




% 6

B A AT B AL MU AL S IR R AT R 19

BB s B #EF AR R 0,5 0, Z
B FR)FF IR AR 3 0 B T, 3k B S £ FiE B AL AR
BRI TR O LIRS, ALWE ) B s sl 2e 3k

S N O
0 1
AR N3 x3 EFEIERE,

T2 B2 5 A HUARRER AR ity 1) 3 BB A ok
SRAFAHN. OGS FAEE . AR SCGEH TIHRRCRER &
LR 0, drt SARER R FBRA P(X,, Y, ,
Z ) FE XY, VT 8 H e N

0, =arctan( Y, /X,) (10)

WFAEE R E T H 0, Frife
BT TET PN, AR SO MLV 11942 sl A Y 7 4k Sy — 4k
PTHELRY T gEZE MR BRI E 8 s,
3, R i EHRTT;0, A i A RATIME  a,
FE P ASEFTRRE  H LA T T, B
K, o HIMAMA;0 N a, Fla, Hl=MAEK

B8 —#zEE
Fig.8 2D structure diagram

RG] 8 JLAT S F nl 4

L'+H -d, -a,

) (11)

arctan( H/L) +0,0,=0°

6, = arccos( >
a,a,

0, = 12
> |arctan(H/L) - 0,0, <0° (12)
2 (2B - &
0=arCCOS(a4 ( ) a3> (13)
-2a, VL' + H
04:¢)—02—03 (14)

N E ME— i, B @ B dR /MR AR AR R AL
P2, RINHRIE MR A1 o EHERAT 65 =y,
4.2 ZBRERDH

YIRS B AT R, AR SR 23 BERN 640 x
480 152K 1 . H AR AL %2 78 HLARE R i AT
L B ORIA T AN 2 0 AR B LT i Y )

if, BECGR TG AT 14 25 mm AprilTag F5 i 1Y
AP VBRI S TS 5 1 HAR X 4

SRR UEA SCHE O B FiAL B ZE A JE T L-M
LR T B IR 2219 PP 5 1k A0 R
ZITESLSE PaP Jrik AU CLAHE At #H i
PnP J5 i B JF X LU 5T, 7E S8R 3R, 43 i 7E
200,300,400 mm — /AN [m]BEEG T #4735 22 I iR
Sy, LIRS EAEI R 4, LEEE R WK 9 ~ 11
Ji7s

x4 BEBEBLESHIRE
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Table 6 Grabbing experimental data
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