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Research on the accurate recognition algorithm of upper limb posture for
the human-manipulator cooperation system
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Abstract:In the task of pose recognition based cooperative control of dexterous hand manipulator, the occlusion of body parts and
interference of non-operators are always the main factors that affect the control accuracy. To effectively eliminate the aforementioned
problems, an accurate upper limb posture recognition algorithm is proposed for human-machine collaboration system. Firstly, a frame
selecting scheme is applied to box upper limb region based on Finger-YOLOv4. Then, the sparse target extraction algorithm is applied to
exclude body interference of the non-operators. Next, we formulate a deep learning framework DFCRF-Net which aims at accurate
positioning of 48 key points’ location and solving the problem of intra-class ambiguity. Finally, the upper limb postures is predicted
according to the position relationships. The proposed method can accomplish mapping the upper limb posture between humans and
manipulators, which could realize the human-machine cooperation of the dexterous hand manipulators. Experiment results demonstrate
excellent performance with average detection speed of 33 FPS, average key point detection accuracy of 75. 2% , and cooperative operation
completion rate of 98% , could meet the practical requirement.

Keywords : man-machine collaboration ; finger-YOLOv4; sparse target extraction; DFCRF-Net; dexterous hand manipulators
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Fig. 1  Finger-YOLOv4 algorithm architecture
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Table 1 Comparison experiment of the target

detection algorithm

— 5 AR mAP Wik BURRE
/% /FPS /MB
YOLOv3 416x416 89.4 62 234
YOLOv4 416x416 91. 67 66 245
MobileNetv3-YOLOv4 ~ 416x416 90. 42 78 221.9
Finger-YOLOv4 416%x416 95.33 78 218.4
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Table 2 Comparison experiment of the key point detection algorithm of arm

COCO-WholeBody $#i 4 ( 1E# 353

ULB-P $H 4 (s dhbe )

=il
o AP/% AP50/% AP75/% W3R /FPS AP/% AP50/% AP75/% W% /FPS
Mediapipe 58.4 82.3 63.2 52 49.3 79.7 59.9 52
OpenPose 62.3 84.6 68. 1 6 61.0 82.4 65.2 6
HMS ML kit 67.0 88. 4 73.1 31 63. 1 82.7 66. 3 31
AlphaPose 73.6 89.3 79.1 20 70.1 84.3 72.6 20
AR5 75.2 91.2 81.3 33 74.1 90.5 79.4 33
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Fig. 6  Experimental effect of man-machine cooperation
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Table 3 Human machine cooperation performance test of attitude recognition model on dexterous mobile arm

. EARESTE AN RS A5
i I MABE % SERE % B Rz A (] /s -1 FAARABLEE /% SERRE/ % PR 137 6] /s
Mediapipe 46 80 0.025 40 73 0.025
OpenPose 68 95 0. 166 - - -
HMS ML kit 61 93 0.032 57 85 0. 032
AlphaPose 70 97 0. 050 - - -
ARIT5 72 98 0. 031 67 93 0.031

Mediapipe 7E£fi5 5 0 AMLEME 9455, MR R
B[] 2L 0. 025 s, (H 2 PRE 58 BUE R 80% , AH L

OpenPose TFE T 15% , H P ¥ 15 e AL E R A
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