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Abstract: The application of artificial intelligence technology in litchi phenotype acquisition mainly
focuses on object recognition, yield estimation, and picking localization. However, there is a notable
lack of evaluation technology for assessing litchi growth quality throughout its entire fruiting stage. Aiming
to integrate multi-source data indicators to perform a comprehensive assessment of litchi growth quality
during the fruiting stage, thereby generating the evaluation profiles for litchi fruiting stages, based on the
YOLO v7 network framework, an object recognition algorithm named LFS — YOLO was proposed. This
algorithm enhanced recognition accuracy by mitigating errors and influences stemming from dynamic
environmental backgrounds and by incorporating global attention mechanisms. Furthermore, the CloU
loss function was optimized through the inclusion of the angle between predicted regression vectors, which
redefined and improved the angle penalty measure. This optimization reduced the overall degrees of
freedom , thereby facilitating a more effective alignment of predicted bounding boxes with the nearest axis.
By integrating multi-dimensional data, a quality evaluation function was established as the foundation for

comprehensive evaluation. Experimental results indicated that the LFS — YOLO algorithm achieved a
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recognition accuracy of 89. 1% , a precision of 92.3% , and a recall of 93.0% . The evaluation profiles

generated for the litchi fruiting stage illustrated various indicators that influence growth quality throughout

this stage, providing valuable insights for the advancement of comprehensive evaluation technologies

pertaining to litchi fruiting stage.

Key words:; litchi; evaluation of phenotypic characteristics; YOLO v7; global attention mechanism;

comprehensive evaluation; meteorological data
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Tab.3 Ablation experiment result
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Tab.4 Different models performance comparison

- S 340 B —— A% AN G SRR O S 24 446 % T 4%
B/ % ft/MB PR HiR 22/ %
Faster R — CNN 66.9 62.6 60.7 105.0 10. 48 0. 684 25.28
EfficientDet — D5 79.8 80. 4 77.5 384.0 8. 64 0. 804 19.20
YOLO v5 82.3 84.6 76.9 82.6 8. 65 0. 833 16. 80
YOLO v6 84.9 83.2 75.0 78.3 8. 68 0. 839 16. 86
YOLO v7 86.7 90. 3 88.7 69.2 8.42 0. 869 15. 40
improved YOLO v5 84.6 89.8 80. 2 5.1 8.59 0. 866 16. 09
YOLO v5 - litchi 83.3 87.6 74.0 44.8 8.71 0. 855 16.71
LFS -~ YOLO 89. 1 92.3 93.0 71.0 8.37 0.884 14.85
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Tab.5 Partial meteorological data

A A ORI e H R

i BE/C WBEE/%  FE/Ix FiEE/mm
2023 -06-30 12:00:47  33.9  71.2 1958 0
2023 -06-29 12:00:55  34.3 68.9 10183 0
2023 —06-28 12;00:44  33.1 70.3 6266 0
2023 —06 —27 12:00:41 34.1 68.0 9661 0
2023 -06-2612:00:39  33.0  71.1 10183 0
2023 — 06 —25 12:00:41 33.3 73.7 9400 0.2
2023 -06-24 12;00:45  27.8  100.0 6266 7.8
2023 -06-23 12:00:45  28.0  100.0 2937  10.2
2023 -06-22 12:00:59  33.4  70.0 10444 0
2023 -06-21 12:00:48  32.9  77.8 6266 0.4
2023 -06-20 12:00:42  32.8 81.8 7833 0
2023 -06-19 12:00:43  31.1 86.8 7833 0.4
2023 —06 — 18 12:00:41 31.7 89.8 11750  10.0
2023 -06 —17 12.00:41 30.7 86. 1 2154 11. 8
2023 -06 16 12:00:54  32.3 78.5 7833 0
2023 -06— 15 12:00:57  29.2 81.0 7833 0
2023 - 06 — 14 12:00:41 29.9 89.5 10183  16.2
2023 - 06 — 13 12:00:41 33.9  70.8 11228 0
2023 -06-1212:00:40  34.8  62.8 10183 0
2023 -06 - 11 12:00:41 33.2 72.8 11750 0
2023 -06 - 10 12:00:40  33.1 73.5 9400 6.4
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Tab.6 Key data of litchi fruiting stage

XS SE A
2K/ C 27.48
23 AR B/ % 88.51
H 35k IE g B/ Ix 2527.76
J B3t BE R it/ mm 153. 40
P B R kg 52. 80
SR R/ g 28. 40
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Fig. 11 Radar chart for comprehensive evaluation
of litchi fruiting stage
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