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Betel Nut Pose Recognition and Localization System Based on
Structured Light 3D Vision

Yu Jinmiao", Wu Jingjing"*
'School of Mechanical Engineering, Jiangnan University, Wuxi 214122, Jiangsu, China;
*Jiangsu Key Laboratory of Advanced Food Manufacturing Equipment and Technology,
Wuaxi 214122, Jiangsu, China

Abstract The process of feeding wolfberry into betel nut still needs to be accomplished manually by workers, which has
low production efficiency and food safety issues. To address this problem, betel nut pose recognition and positioning
system based on structured light three-dimensional (3D) vision is designed. First, a digital projector projects blue
sinusoidal fringe patterns onto betel nuts, and once the deformed fringe images are acquired, the computer performs 3D
reconstruction to obtain a high-precision betel nut point cloud. Subsequently, two-dimensional (2D) image and 3D point
cloud information are fused, and the proposed feature line method is used to estimate the betel nut pose parameters.
Finally, the center of the betel nut cavity is positioned as the feeding point, which is subsequently converted to the base
coordinate system of a robot arm according to hand-eye calibration to complete automatic feeding. Experiments on pose
recognition and localization were conducted using 500 betel nuts, and both processing time and classification accuracy were
evaluated. Results show that the processing time of one betel nut is 0.39-0.59 s. The overall recognition accuracy is
95.6%. The localization error for the feeding point is within 0. 25 mm, which is lower than the 0.3 mm required for
feeding. This demonstrates that the proposed method can effectively solve the problem of attitude recognition and
positioning of freely placed targets within complex shapes and has high positioning accuracy and good stability to meet the
actual production requirements.
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Fig. 2 Flow chart of betel nut poses recognition and localization
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Table 1 Detection results obtained by the proposed 3D pose estimation algorithm

Index Width /mm Coordinate of the center Height of brine /mm  Pitch /(%) Yaw /(°) Roll /(*)
1 6.32 (12.87, 96.32, 13.68) 13.68 —22.6 2.7 16.4
2 6.87 (39.03, 98.17, 14.18) 14.18 —12.7 0 1.8
3 7.29 (66.97, 97.83, 13.17) 13.17 2.7 1.2 7.7
4 8.78 (92.73, 98.79, 14.82) 14.82 —20.1 0 0
5 7.63 (117.29, 96.03, 13.17) 12.67 —18.6 0 47.8
6 6.48 (13.19, 33.14, 13.74) 13.74 10.2 —2.7 11.9
7 10.17 (38.79, 36.87, 13.19) 13.19 27.6 3.6 14.7
8 7.83 (67.23, 34.76, 14.10) 14.10 —31.8 2.9 0
9 8.69 (92.19, 38.78, 14.36) 14. 36 52.5 —1.8 0
10 7.36 (116.89, 36.43, 13.67) 13.67 48.7 0 —11.2

Z fmm

e section contour of betel nut

100 200 200 500 700

300 600 800
X /mm
section contour of betel nut
100 200 300 400 500 600 700 800
X /mm
section contour of betel nut

300

L

600

400 500 700
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P13 AR LA TI A 19 3 A0 B0 o (a) o BEABTRY 5 (b) #1455 (o) BV
Fig. 13 Three typical postures of the betel nut handling process. (a) Over-rolling; (b) upturned; (c) brine-stained
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Table 2 Pose estimation accuracy and work efficiency in 10 groups

Accuracy

Index Time /s Efficiency number /min
Normal Over-rolling Upturned Stain Overall

1 0.91 0. 85 1.00 0.93 0.92 0.55 103

2 0. 88 0.93 1.00 0.97 0.96 0.359 95

3 0.97 0.96 1. 00 0.99 0.98 0.61 89

4 0.93 0.94 1. 00 0.98 0.95 0.39 136

5 0.92 0. 88 1.00 0.95 0. 90 0.57 102

6 0.90 0.91 1.00 0.95 0.91 0.55 108

7 1.00 0.89 1.00 0.97 0.94 0.41 121

8 0.98 0. 89 1. 00 0.98 0.96 0.58 96

9 0.95 0.96 1. 00 0.95 0.98 0. 60 87

10 0.94 0.93 1.00 0. 96 0.95 0. 56 108
observed results S BRX A AR 1 = 4 A, AR A AR s B RS AR S L 5
5 ; D o ETREEREITENLA A AR R T 0HOR A £
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Fig. 14 Confusion matrix obtained by the proposed pose

estimation algorithm
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Fig. 15 Experimental process. (a) 3D reconstruction process; (b) acquisition process of actual coordinates of feeding points;
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(c) betel nuts to be fed
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Table 3 Experimental results of the location accuracy evaluation unit: mm
Coordinates calculated by the Actual coordinates from Error
Index proposed algorithm pneumatic nozzle
(X, Yo, Zy) (X4, Y, Zy) X Y 4
1 (—86.947, 676.534, —196. 345) (—87.13, 676.32, —196.32) 0.183 0.214 —0.025
2 (—60.735, 678.341, —195.694) (—60.97, 678.17, —195.82) 0.235 0.171 0.126
3 (—33.182, 677.875, —196.737) (—33.03, 677.83, —196.83) —0.152 0.045 0.093
4 (—7.496, 678.686, —195.323) (—7.27,678.79, —195.18) —0.226 —0.104 —0.143
5 (17.418, 676.243, —196.764) (17.29, 676.03, —196.83) 0.128 0.213 0.066
6 (—86.626, 613.071, —196. 163) (—86.81, 613. 14, —196.26) 0.184 —0.069 0.097
7 (—61.267, 616.75, —196.982) (—61.21, 616.87, —196.81) —0.057 —0.120 —0.172
8 (—32.863, 615.005, —195.769) (—32.77, 614.76, —195.9) —0.093 0.245 0.131
9 (—7.746, 618.639, —195.835) (—7.81, 618.78, —195.64) 0.064 —0.141 —0.195
10 (17.083, 616.357, —196.359) (16.89, 616.43, —196.33) 0.193 —0.073 —0.029
Standard deviation 0.157 0.149 0.120
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Fig. 16 Analysis of location experimental results. (a) Location of feeding point; (b) errors of X, Y, and Z coordinates
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