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Lightweight Silage Corn Field Personnel Detection with Improved YOLO 11n
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Abstract; Aiming to address the limitations of visible-light-based object detection during silage corn
harvesting, where field workers were often obscured by dense crops, and compensate for the low
resolution of infrared imaging despite its ability to distinguish temperature differences between humans and
surrounding vegetation, a detection method based on the fusion of infrared and visible images was
proposed by using an improved YOLO 11n architecture. The original spatial pyramid pooling fast ( SPPF)
structure in the backbone network was replaced with a lightweight lightweight global-aware ( LWGA)
module to enhance multi-scale feature extraction and reduce model complexity. Multi-level C3k2_TBFE
modules and a deep C2PSA _ biformer attention mechanism were incorporated to strengthen the
representation of complex backgrounds and occluded targets, while a C3k2_TAB module was introduced
in the neck network to improve multi-scale semantic fusion and small-object detection performance. A
dataset containing images of occluded field personnel in cornfields was constructed, and the improved
model was trained and validated using this dataset. Experimental results showed that detection accuracies
of 91. 68% and 88.32% were achieved on infrared and visible datasets, respectively, with improvements
of 4. 48 and 3. 13 percentage points compared with that of the original model. The model’ s parameter
count and computational complexity were reduced by 4.26% and 7.9% , respectively. The improved

model was capable of meeting real-time detection requirements in field environments and supporting long-
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term outdoor operation, and a dual-camera intelligent recognition and multi-modal perception system was

constructed to ensure efficient, accurate,

and real-time detection,

providing theoretical and technical

support for personnel detection under complex conditions during silage corn harvesting.
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Fig.1 On-site data collection scenarios in corn field
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Fig.2 Example of thermal infrared and visible light images fusion
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Fig.3 Examples of infrared dataset image augmentation
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Fig.5 Improved YOLO 11n network architecture
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Fig.7 Internal structures of C3k2_TBFE and
C2PSA_biformer modules
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Fig.8 Internal structure of C3k2_TAB module
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Tab.2 Ablation study results
i 70 B se P/% R/ % mAP@O0. 5/% EYig T IE B
2 4h 85. 83 84. 67 87.20
YOLO 11n 2.58 x10° 6.3 x10°
Al oG 83. 85 82. 84 85.19
21 hh 84.21 83.93 86. 05
YOLO 11n + LWGA 2.06 x10° 5.6 x10°
CIRSS 82. 98 81. 65 84.03
2 4h 87. 85 86. 35 90. 36
YOLO 11n + C3k2_TBFE + C2PSA_biformer 2.78 x 10° 6.7 x10°
Al % 84. 62 84.36 86. 32
21 4h 86. 32 85.39 89. 68 . ,
YOLO 11n + C3k2_TAB 2.65x1 5 x1
R TG 84.48 83. 64 85.72 65 x10 6.5 x10
YOLO 11n + LWGA + C3k2 _TBFE + C2PSA _ 21 hh 86. 30 85.12 89.15
2.42 x10° 5.8 x10°
biformer Lot 83.95 83. 85 85. 86
v 85. 96 84. 85 89. 06
YOLO 11n + LWGA + C3k2_TAB 2.36 x10° 5.7 x10°
Al LG 84.27 82.93 85. 65
YOLO 11n + C3k2 _TBFE + C2PSA _ biformer + 21 4h 90. 65 89.32 92. 65
2.89 x 10° 6.8 x10°
C3k2_TAB RS 87.87 87. 68 89. 69
YOLO 1ln + LWGA + C3k2 _TBFE + C2PSA _ A 89. 84 88. 39 91.68
2.47 x 10° 5.8 x10°
biformer + C3k2_TAB ] Lot 86. 96 86. 35 88.32
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PETH 4.01.3.72 4. 48 4> H 43 3 78 AT DG HoH 4R
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86.35% F1 88.32% ﬁ;@eeﬁﬁmﬁ%u%ﬂ 3.11,
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Tab.3 Comparison of experimental results for different models

A LGRS P/ % R/% mAP@O0.5/% SR T 8 B
21 4 82. 63 81.36 86. 30

YOLO w3 T3 81.36 82. 54 84. 65 7.10x10° 2.18 x 10
14 81.35 80. 68 85. 69

YOLO ven T L 80. 69 81.78 83.26 3.00 x10° 810 x10”
o1 4 85. 83 84. 67 87.20

YOLO T AL 83. 85 82. 84 85.19 2.58 x 10° 6.30 x10°
a4 89. 84 88.39 91. 68

AR SRR Y L 86,96 %6, 35 %8, 3 2.47 x10° 5.80 x 10°
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Fig. 9 Radar chart of performance metrics for each model
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Fig. 10 Detection results of different models
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Tab.4 Confidence comparison of different models for

cornfield personnel detection

LLAN B AR UL AF
" EAER T % H bz
F5 7Y B _

HBHAE AW fifw BB M A
H 5 EE7N Htxz B
YOLO v5s 0.76  0.43  (Jwky) 0.84 (¥#) 0.34
YOLO v8n 0.79 (WK) 0.65 0.86 (Jgk) 0.68
YOLO 11n 0.92 0.83 (HEES) 0.88 (ith) 0.83
AR AR 0.93 0.75 0.74 0.89 0.60 0.85
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System working principle diagram
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Fig. 12 System actual application scenario diagram
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