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Design and Experiment of Defective Citrus Sieving System
Based on Deep Learning and Delta Robot
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Abstract; Completing a series of commercialization processing steps such as cleaning, waxing, and
grading of citrus on the same production line is conducive to reducing fruit damage and improving fruit
quality. However, the presence of diseased and damaged citrus can easily cause cross-contamination and
pollution to the subsequent production line. Therefore, it is necessary to remove diseased and damaged
citrus at the feeding section of the production line. For this reason, a disease-damaged citrus preliminary
screening system was developed based on deep learning and Delta robots. Firstly, through comparative
experiments of different detection models, the YOLO v7 model with the highest accuracy was selected,
and combined with the DeepSORT tracking algorithm to achieve rapid and precise tracking and detection
of citrus on the production line. Secondly, an optimized Delta robot door-shaped trajectory was proposed,
and the precise control strategy of the stepping motor was calculated based on the interpolation method.
Finally, a prototype of a screening device with fast positioning and grasping capabilities was built and
integrated into the production line. The experimental results showed that the F1-score of the YOLO v7
model was 90% , which was 2 and 4 percentage points higher than that of the YOLO v5 and SSD
networks, respectively. The Delta robot designed had high positioning accuracy, with an average
positioning error of 1. 5 mm for the same point, which met the precision requirements for grasping. The
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average success rate of screening out diseased and damaged oranges could reach 83.25% . Therefore, the

equipment proposed had excellent automatic screening capabilities on the citrus sorting production line,

which can effectively reduce the cross-contamination of diseased and damaged citrus and pollution to the

production line, thus ensuring the normal operation of the citrus production line.
Key words: citrus screening; Delta robot; YOLO v7; multi-object tracking
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Fig.4 Schematic of working process of citrus screening robot
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o A5 76 FI{8/% P/%  R/%  EAWTKINNE/ ms
YOLO v5 88 89.5  85.9 15.3
YOLO v7 90 91.7  88.9 16. 1
SSD 86 83.0  83.0 16.0
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Tab.2 Metrics for tracking evaluation

LAl BRERES MOTA/  MOTP/

ALY SROT  DeepSORT ByteTrack % %
VvV X x 69.2  97.1

YOLO v7 x Vv x 81.2  97.6
X X 2 63.2  96.7

T VIR RIS, x AR RIS,
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Tab.3 Hand-eye calibration accuracy test results

W —

KEL (X,,Y,) (X;,Y3) 2£/mm
=8| 10 (836.4,-145.5) (838.8,-142.1) 4.2
2 10 (974.5,-257.6) (971.1,-254.2) 4.8
M3 10 (902.8,13.3) (905.6,9.5) 4.7
4 10 (866.7,96.2) (864.5,99.1) 3.6
M5 10 (977.7,174. 4) (981.2,172.3) 4.1
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Fig. 12 Schematic of repeated positioning test
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Tab.4 Repeated localization test results mm

ERE SR Ty

2 3 4 g

Jog| (198.4,32.2) 1.4 1.2 1.7 2.0 1.6
H2 (384.1,38.2) 1.4 1.5 1.5 16 L5
3 (385.3,216.4) 1.3 1.2 0.9 1.8 1.3
B4 (195.4,224.9) 1.0 1.3 1.7 2.1 1.5
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Fig. 13 Parameter diagram for trajectory planning
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Fig. 14  Photograph of citrus screening robot
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Tab.5 Screening test

ER O ORIEER  RMOHER PR R

A UEL WEL WEC HERE/s TIE/%
1 100 81 19 2.52 81. 00
2 100 85 15 2.38 85. 00
3 100 83 17 2.48 83. 00
4 100 84 16 2.36 84. 00
L 400 333 67 2.46 83.25
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