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Apple Attitude Estimation Based on Particle Filter for Harvesting Robot

Zhou Jun Zhang Gaoyang Liu Rui Jin Yue
(College of Engineering, Nanjing Agricultural University, Nanjing 210031, China)

Abstract

In view of harvesting damages and failures caused by the absence of attitude information in the
current apple harvesting robot, the method of measuring apple attitude was put forward with the machine
vision, and the optimal estimation of apple attitude was carried out based on the particle filter in real
time. A camera was fixed on the robotic gripper, in the process of picking the camera vision field was
controlled to cover the expected fruit target, and a series of apple images were sampled randomly. The
algorithms of the inertial axis and the center offset were applied to calculate the apple attitude at the
robotic coordinate according to the each apple image. Finally, the attitude data extracted from many
apple images was fused with the particle filter, and the optimal estimation of the apple attitude was
obtained. The experimental results showed that the multiple information of apple attitude was fused
successfully, and the measurement error of apple attitude was decreased effectively.
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Fig. 1 Schematic diagram of fruit harvesting robot
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Fig.2 Two typical growing attitudes of apple
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Tab.1 Experimental results of the first group
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s P, P, P, R, R, R, RPEBM/C) RPERBME/() RPLSMIHE ()
1 588.019  -206.219 704.715 —-101. 51 -59.24 -22.78 44 134 90 83 77 15 83.00 77.00 15.00
2 640. 297 -82.079 706.010 -101.51 -60. 87 -25.26 45 135 90 80 76 18 82.67 76.83 15.01
3 670. 240 0.269 688.356 -133.63 -80.39 -5.63 20 110 90 87 76 15 83.45 76.64 15.52
4 641.176 429.229 643.852 -112.37 —-78.03 -34.74 16 106 90 89 83 7 84.97 77.98 13.02
5 709. 479 441.872 663.499 -152.50 -81.79 4.63 10 100 90 86 81 10 85.31 78.68 12.47
6 848. 385 547.522  581.369 -90. 03 -86.52 -58.91 11 101 90 86 83 8 85.53 79.61 11.61
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Fig.3 Measured value and estimated value
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Tab.2 Experimental results of the second group

B B AR LA B/ mm BHBBRILES/ () RUTEBBILLAR RS AL REENLA NS

1553 P, P, P, R, R, R, APEEM/(0) RPESME/()  RPLESMIHE ()
1 855.112 -85.007 524.085 93.23 -32.28 148. 97 94 66 24 44 50 75 44.00 50.00 75.04
2 850. 742 51.694  524.085 105. 27 -72.62 132.94 72 71 26 44 51 72 44.19 49.85 74.70
3 872.553 269.395  482.367 97.34 -49.51 131. 05 80 74 19 40 53 77 43.36 50.48 74.99
4 990. 887 394.933  444.012 94.21 -58.22 133.73 81 78 15 43 49 78 43.31 50.15 75.76
5 937. 104 542.906  435.750 93. 14 -86.23 118. 04 76 98 16 40 53 77 42.51 50.70 76.07
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