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Abstract; Aiming to improve the accuracy and speed of evaluating tobacco seedling transplanting quality
while addressing the limited computational resources of agricultural equipment, an improved, lightweight
YOLO v8n model was proposed. Firstly, the conventional C2f module in the backbone network was
replaced with a C2f _ Ghost module. This modification significantly reduced memory footprint and
parameter count without compromising accuracy, thereby facilitating deployment on mobile and edge
devices. Next, omni-dimensional dynamic convolution ( ODConv) was introduced to replace traditional
convolutional stacks. This mitigated vanishing gradients and model degradation while enhancing the
network’s ability to distinguish seedlings from complex soil backgrounds. Furthermore, an efficient multi-
scale attention ( EMA) mechanism was integrated. Leveraging dynamic feature weighting, long-range
dependence modeling, and lightweight computation, EMA effectively overcame challenges such as strong
field background interference, significant scale variations of key features, and stringent real-time
detection requirements. Experimental results on a custom dataset demonstrated that, compared with the
baseline YOLO v8n, the proposed model improved precision, recall, mAP, s, mAP;_, o, and detection
speed by 11.3% , 17.4% , 11.4% , 11. 8% , and 4. 62% , respectively. Concurrently, memory usage,
parameter count, and floating-point operations ( FLOPs) were decreased by 17.1% , 18.3% , and
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31.7% , respectively. This research can provide a highly viable strategy for designing lightweight models

in crop phenotypic detection, particularly for the precise quantitative assessment of transplanting quality,

thereby advancing the digital management of modern tobacco agriculture.

Key words: lightweight; YOLO v8n; attention mechanism; target detection; tobacco seedling
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Tab.3 Test results of different channel pruning

ratio of ODConv module

Bk K3/ mAPy s/ mAP; s 45/ B REA PYAE i
% % % FH&#/MB
1.00  88.5 89.5 65.5 3.90 x10°  7.66
0.75 84.1 85.2 63.3 3.59x10°  7.06
0.50 88.2 90.3 66. 4 3.27x10°  6.46
0.25 77.4 79.7 65.7 2.97 x10°  5.87
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Tab.4 Performance test results of different models

s FETR/ % BRI/ % mAP, /%  mAPy 5 _o o5/ % SRR FhBEE BERNG S AR/ MB
EfficientDet — DO 64.6 50.9 64.6 44.3 3.82 x10° 2.36 x10° 15.16
NanoDet 63.9 64.6 63.9 47.2 9.40 x10° 3.40 x 10® 3.78
YOLO — NAS 69.2 68. 1 74.8 52.5 7.23 x107 1.71 x 10" 122. 11
YOLO v5s 80.2 73.7 83.9 62.5 2.51 x10° 7.10 x 10° 5.02
YOLO v6 75.8 67.4 71.4 57.5 4.23 x10° 1. 18 x10'° 8.27
YOLO v7 80. 1 72.0 78.9 56.3 3.72 x 107 1.05 x 10" 74. 80
YOLO v7 — tiny 80.5 73.1 79. 1 55.2 6.02 x 10° 1.32 x10'° 12.30
YOLO v8n 83. 4 75.2 85.6 61.8 3.01 x10° 8.20 x 10° 5.98
YOLO v8x 85.7 85.8 89.7 67.1 6.82 x 107 2.58 x 10" 390. 00
YOLO v9s 80.5 81.4 82.6 62. 1 7.16 x10° 2.67 x 10" 14. 50
YOLO v10n 81.9 72.3 82. 4 61.6 2.26 x 10° 6.50 x 10° 5.47
YOLO 11n 85. 4 73.5 79.1 60. 6 2.58 x10° 6.30 x 10° 5.20
YOLO 12n 84.9 74.2 82.5 61.2 2.55 x10° 6.30 x10° 5.25
Mk YOLO v8n 92.8 88.3 95.4 69. 1 2.46 x10° 5.60 x 10° 4.96
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Tab.5 Ablation test results

(2f Ghost  ODConv EMA Kiv®/ BB/ mAPy s/ mAPys_ oo/  HEHATH]/ e TFMAEE BRI
% % % % ms i JH#/MB
83. 4 75.2 85.6 61.8 8. 05 3.01x10°  8.2x10° 5.98
Vv 83.3 80. 4 91.9 66. 1 7.51 2.18x10° 5.8 x10° 4.39
vV 88.2 72.0 90.3 66. 4 7.68 3.27x10° 7.9 x10° 6.46
Vv 88.7 79.5 90.2 65.0 8.58 3.44 x10° 6.4 x10° 6.82
vV Vv 87.4 84.4 91.7 66.3 7.83 3.07x10° 5.6 x10° 6.09
2 4 2 92.8 88.3 95. 4 69. 1 7. 69 2.46 x10° 5.6 x10° 4.96
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Fig.9 Test results before and after improvement
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Tab.6 Test results of tobacco seedling state

before and after improvement %

it ES Ha R mAP, mAP, - _
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1= S 1 AN = S < A = SO J&
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Fig. 10 Performance variation curves before and after

improvement
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Tab.7 Test results before and after improvement

of mobile terminal

. R/, mAPy s/ mAP,5_g o5/ HEHES

- % % % ]/ ms

YOLO v8n 83.2 84.7 61.1 144.3
2t YOLO v8n 92.1 91.7 67.2 121.4

H 3% 7 AL, e YOLO v8n 5 U 76 A6 kS J
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