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Wheat Grain Counting Method Based on YOLO v7 — ST Model
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Abstract; Aiming at the problems of low counting accuracy due to seed accumulation, sticking and
shading phenomena in the wheat seed testing process, a high-throughput wheat seed vibration separation
device was designed based on the principle of electromagnetic vibration. The main influencing factors of
the degree of seed dispersion and separation were discussed by analyzing the forces, and the second-order
dispersion coefficient was introduced to establish the seed dispersion grade evaluation method. On this
basis, the YOLO v7 — ST model was then built by using the Swin Transformer module and was tested for
counting performance under different discrete degree levels. The experimental results showed that the
mean counting accuracy, F1 value and mean counting time of the YOLO v7 — ST model were 99. 16% ,
93% and 1. 19 s under the three dispersion levels, respectively. Compared with that of the YOLO v7,
YOLO v5 and Faster R — CNN models, the mean counting accuracy was improved by 1. 03 percentage
points, 2. 34 percentage points and 15.44 percentage points, respectively, and the F1 values of the
comprehensive evaluation index of the model was increased by 2 percentage points, 3 percentage points
and 16 percentage points, respectively. The mean counting time was decreased by 0.41 s and 0.36 s
compared with that of YOLO v5 and Faster R — CNN, respectively, and it was only 0. 09 s slower than
that of the YOLO v7 model. Overall, the YOLO v7 — ST model provided accurate and efficient detection
of grains under various discrete degree levels, significantly improved the efficiency of wheat breeding.
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Fig. 1 Wheat seed vibration separation device
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Tab.1 Factors and levels of orthogonal test

K Gk
A/Hz B/mm c/A D/(°)
1 62.5 0.13 30 -3
2 64.8 0.17 60 0
3 67. 1 0.21 120 3
4 69.4 0.26 240 6
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Tab.2 Results of orthogonal test

FE8 A/Hz B/mm C/H  D/(°) o 3
1 62.5 0.13 30 -3 0.5015 AR
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4 62.5 0.26 240 6 0.5992  #HiE
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Tab.3 Evaluation of counting results of each

dispersion level

BHLE  MCA/ P/ R/ F1 i/ MCT/

LT
£ % % % % s
i 99.93 99.32 91.60 95 1.23
rhagRgE 9980 96.75 90.76 94 1.19
YOLO v7 — ST
g 97.74 91.40 87.91 90 1.15
SEHME S 99.16 95.82 90.09 93 1.19
i i 45.38 63.63 99.12 78 1.2l
YOLO v7 — ST — HhiZs4 36.80 60.72 97.17 75 1.19
I )5 b 3 AR 34.03 55.60 89.81 69 1.10
SEHME 38.74 59.98 95.37 74 1.17
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Tab.4 Comparison of detection results for

different models

. B MCA/ P/ R/ F1{fi/ MCT/
S % % % % s

T Bt 99.93 99.32 91.60 95 1.23

YOLO v7 —ST %54 99.80 96.75 90.76 94 1.19
AR 97.74 91.40 87.91 90 1.15

i B 99.95 99.29 91.97 95 1.19

YOLO v7 haEgRdE 99,04 95.43 89.82 93 1.12
BAE 95.39 87.14 84.83 86 1.0l

il 99.90 99.15 91.20 95 1.7

YOLO v5 kg 98.77 95.35 88.61 92 1.57
AR 91.80 85.85 79.24 82 1.54

i 96.30 89.42 85.17 87 1.64

Faster R— CNN rhZEm542 87.13 83.47 77.69 80 1.54
AR 67.73 63.34 60.92 62 1.47
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Tab.5 Comparison of detection results for different

attention algorithms

BHE  MCA/ P/ R/ FI1 {i/ MCT/

fii 7t
- s 9 % % % s
i 99.93 99.32 91.60 95 1.23
YOLO v7 — ST rhaigRgE 99,80 96.75 90.76 94 1.19
B 97.74 91.40 87.91 90 1.15
T B 08.67 98.07 90.45 94 1.35
YOLO v7 — SENet 2554 98.01 94.44 87.69 91 1.2
B 94.23 86.08 84.75 85 1.18
i 99.91 99.16 91.21 95 1.75
YOLO v7 — CBAM riZs4: 99,15 95.72 88.95 92 1.64
AR 95.73 89.53 85.13 87 1.61
b 99.87 99.12 91.17 95 1.22
YOLO v7 — Self
rhaigxfE 98.90 95.48 88.73 92 1.13
Attention
AR 96.16 89.93 85.51 88 1.07
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Fig. 12 Heat map of test results for different models
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