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Fig.1 Chart of 6D pose detection
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Fig. 2 Point—pair feature
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Fig. 3 Model point-pair calculations
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after screening
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Fig. 12 Process of workpiece detection under different scenarios
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Fig. 13 Detection process and matching effect of steering arm under strong light
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A Method of 6D Pose Detection for Workpieces in Random Sorting Scene
CAO Xuepeng', LI Xin'?, FENG Yanli®, SHI Rui', GE Tianye', ZHANG Xinrong', ZHAO Ruiying'

(1.Institute of Mechatronics, School of engineering machinery, Chang’ an University, Xi’an 710064, China;
2.Xi an Aerospace Times Precision Electromechanical Co., Ltd., Xi’an 710100, China)
Abstract:

Objective 6D pose detection is a key technology for enabling autonomous grasping in robots. Currently, traditional point—pair feature (PPF) meth-
ods face three major challenges: 1) excessive sensitivity to sensor noise, severe occlusions, and background clutter; 2) reduced matching perfor-
mance when the workpiece has numerous repetitive features; 3) slow recognition speed due to the need to search many point pairs and compute
transformation relationships. This study proposes a point-pair feature-based 6D pose detection method designed for robotic sorting system grasp-
ing tasks.

Methods Firstly, multi-plane feature workpieces were screened based on distributions of model plane points, and their boundary features were ex-
tracted for 6D pose detection. Model point pairs were extracted from multi-view points to remove redundant point pairs and improve the recogni-
tion speed of algorithms. Secondly, to further enhance recognition speed, a method was employed to extract model point pairs from multiple view-
points, which helped in eliminating redundant point pairs that did not contribute to the detection process. Thirdly, the point-to-point characteris-
tics between scenes and models were matched, and a fast voting scheme was employed to obtain pose hypothesis sets for targets in a disordered
scene. Then, a pose verification and screening method was introduced to eliminate duplicate and mismatched poses, which was essential for real-
izing a rough estimation of multi-instance poses for the targeted workpieces. Finally, an algorithm called Iterative Closest Points (ICPs) was uti-
lized to refine the rough estimates and achieve a more accurate estimation of the targeted poses.

Results and Discussions Experimental results showed that in the context of disordered simulation scenes, the proposed method demonstrated a
single recognition time of < 1.2 seconds, with an average translation deviation of < 1 mm and an average rotation error of < 1.56°. These results in-
dicated a high level of precision and efficiency in pose detection. In an actual scenario, this method achieved an average recognition success rate
of 95.8%, with an average single recognition time of 1.1 seconds. The high success rate and rapid speed highlighted that this method has favor-
able practical applicability in robotic sorting tasks. Therefore, this study highlighted that the proposed 6D pose detection method significantly out-
performed the original PPF algorithm in terms of recognition speed, while also improving the accuracy of pose estimation. This advancement was
crucial for the reliable and efficient operation of robotic systems in precision grasping applications. Finally, this 6D pose detection method not
only ensured recognition efficiency but also accounted for the accuracy of pose estimation. This meant that recognition speed was significantly
improved compared to the original PPF algorithm, providing a strong guarantee for the realization of accurate robotic grasping.

Conclusions The research presents a comprehensive approach to enhancing 6D pose detection in disordered sorting scenarios, representing a sig-
nificant advancement in robotic vision and grasping technologies. The proposed method is verified as effective in both simulated environments
and real-world working conditions. In addition, it demonstrates superior performance compared to existing approaches, supporting more accurate
analysis in 6D pose detection applications.

Key words: disordered scene; 6D pose detection; point-to-point feature; pose estimation accuracy; recognition rate
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