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High-throughput Target Detection Model for Densely Cohesive Wheat Grains
Based on LMA — DEIM
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Abstract: Aiming to address the challenges of balancing accuracy and efficiency, and the difficulty of
embedded deployment, in high-throughput detection of densely clustered wheat grains, a lightweight LMA —
DEIM-based model for detecting densely clustered wheat grains was proposed. Firstly, a WSD dataset
containing 230 000 grain target boxes from five wheat varieties was constructed to provide a data
foundation for model training and evaluation. Secondly, based on the DEIM framework, a lightweight
global modeling backbone network, Lite — Mamba, was designed to enhance the ability to distinguish
clustered regions with linear computational complexity. A MIFI module based on selective state space was
proposed to replace the original AIFI module, achieving efficient feature interaction and reduced
computational complexity. A lightweight downsampling module, ADown, was introduced to mitigate detail
loss during downsampling and improve the ability to preserve detailed features. Experimental results
showed that the LMA — DEIM model achieved precision, recall, and mAP@ 50 of 92. 7% , 91. 5% , and
92.0% on the WSD test set, respectively, with an inference speed of 143. 1 {/s and an average relative
counting error of only 3.08% on the high-density test subset. Compared with the original DEIM
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framework , the proposed method significantly improved accuracy while reducing the number of parameters

by 66.9% and increasing speed by 240% , meeting the deployment requirements of embedded devices for

high-throughput, real-time, and high-precision grain detection.

Key words: wheat grains; grain count; densely adhered; target detection; DEIM framework
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Tab.1 Performance test results of different backbone networks
ETM4% mAP@ 50/ % TEAEE R SR R/ (£+571) A7 5 AR /GB
ResNet50 86.2 8.10 x10° 3.56 x107 42.1 7.8
EfficientNetV2 — S 89.7 2.14 x10" 4.34 x10’ 103. 3 5.9
MobileNetV3 — Small 76.5 2.30 x10° 1.54 x107 125. 4 4.3
PVTv2 - B2 87.9 6.00 x10° 3.53 x107 48.0 7.2
Swin— T Tiny 89.5 9.50 x10° 3.83 x107 35.2 8.9
EdgeNeXt — XXS 83.8 3.25 x10° 1.56 x107 145.8 3.6
VMamba — Tiny 90. 1 7.10 x10° 3.01 x107 112.2 4.6
Lite — Mamba 92.0 6.30 x10° 1.18 x107 143. 1 3.7
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Tab.2 Ablation experiment results

Lite — Mamba MIFI ADown K%/ % BEE/ % mAP@50/% E e K/ (s BAF S FAE/GB
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Vv v v 92.7 91.5 92.0 1.18 x107 143. 1 3.7
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Tab.3 Performance test results of different target detection models

H KR/ %  HARFE/% mAP@50/% E1 g FREREE O RWEE/(sT) RS HER/GB
Faster R — CNN 88.5 86.9 87.2 4.12 x107 1.37 x10" 18. 4 8.3
YOLO v5s 90. 1 88.5 88.7 7.10 x10° 1.56 x10'"° 102.5 4.2
YOLO v8n 89.6 87.8 88. 1 3.10 x10° 8.10 x10° 118.3 2.9
YOLO v8s 91.2 89.5 89.8 1.10 x107 2.83 x10'" 88.7 5.7
YOLO v10n 90.5 88.2 89.2 2.70 x10° 7.90 x10° 132.6 2.6
YOLO 11n 91.8 88. 1 89.5 2.50 x10° 6.80 x10° 138.3 2.5
YOLO 12n 89.0 86. 0 87.9 3.00 x10° 8.50 x10° 135.2 2.8
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RT - DETR — R50 92.0 90.2 90. 8 3.18 x10’ 1.01 x10" 46.8 8.2
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