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Abstract: To improve the grasp recognition accuracy and execution stability of robots in unstructured stacked scenes,
this paper proposes a 6-DOF grasp prediction algorithm that combines geometric prior modeling and a pose quality
evaluation mechanism. Firstly, a point cloud recognition network named Point-Lakan is constructed. By enhancing the
local geometric features of the input point cloud, a LAKAN feature extraction structure consisting of a local
aggregation module and a high-dimensional nonlinear mapping module is designed to improve the structural
representation ability of the stacked grasp area. Secondly, a grasp pose estimation strategy incorporating directional
vector constraints is designed by minimizing the spatial difference between the initial and target poses to improve the
executability and interpretability of pose generation. Finally, a grasp posture screening mechanism that combines
direction constraints, collision detection, and centroid score is constructed to realize multi-factor evaluation and ranking

of candidate postures, thereby enhancing the execution robustness of the algorithm in complex environments. To verify

W HER: 2025-07-01; A HHEA: 2025-11-12.

EE&WH: BXAARIFIEETE (62503377, 62306228, 62441237); BG4 m25 R B A2 =10 H (241S024);
RV 44 B SR BL 2 FE AR 7T R — I H (2025JC-YBQN-857); [k 744 & AU & i %I B (2024GX-
YBXM-132).

FERE: TIER.

HA{Z{F . E-mail: lixiaohan272@gmail.com.

AR SC PR AT LT SR SO, R SRARTIE N “TRIRBHE” X B AT T 2kl Y


https://doi.org/10.13195/j.kzyjc.2025.0696
mailto:lixiaohan272@gmail.com

1404 = % 5

xR E41%

the performance of the algorithm, this paper conducts thorough evaluations using the CoppeliaSim simulation platform

as well as a real-world robot system based on a self-constructed dataset of multi-category stacked object simulation

point clouds for grasping tasks. The results indicate that the accuracy of grasping area recognition increases by 25.26%,

while decreasing the model parameters by 4.69% and boosting the inference speed by 37.19%. In real-world grasping

tasks, the success rate and task completion rate increase by up to 29.40% and 18.39%, respectively.

Keywords: robotic grasping; geometry-prior feature; multi-scale point cloud feature fusion; grasp target recognition

network; 6-DOF pose estimation; direction constraints
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(MPDG), G5 WA~ 7~ H i 8 - 2507 B3R5 A i
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by 8 TF R ECEHE 4 (R L L2 1. B e b A4l
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WA I BIFRZE, ISk 5 MR R T 2T 4.
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R2 MBSEXER
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PointNext"” 16.275 1.28
Point-LaKan 15.512 0.804
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TEA RS 2% i = I TG I 2R Sk 2218 5 R SRR 2
HUAS 2 B 1) @ A B 2, Point-LaKan 7E 1038 $UHL
H A5 R AT 55 A 2 0 H B AR 4 B8 - Precision 43 1) 5
PointNet. PointNet++ $&7} 25.26%. 19.89%; Recall i&
5190.62%, AL PointCNN. KPConv 75T} 26.60%.
21.67%; F-Score 15 F] 92.79%, #%% PointNext $2 t

15.46%. iX e 45 5 % W, Point-LaKan 78 KA 55 7%
5 K v R I HH B R ) 45 R SRR P S R AE ) 1 e
A RCHE T AL I 557N 1 kG FE AU BB

73 RSB HIM R %

IR £ 157 Precision Recall ToUs F-Score

PointNet"” 70.46 49.11 40.06 52.82
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