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SCHE I —FPEE T 0 YOLO 11 BYBLRAGIN 5k o 5 BE7E YOLO 11 Zaih M 45 th 51 A B WEE IR RIS R AT 1 5
(Self-supervised shape-aware feature enhancement ,SS — SAFE ) Bk |3 i [ WiEF 2% > BUM H #5458 b, DT 38 56 X A4
SRR AR AEAE A IR SR IAE T ; RIS, >R FH H 38 W A% 45 F1 ( Adaptive kernel convolution, AKConv ) 4t J54f C3K2
(Cross stage partial network with kernel size 2 ) A i (R FR E 45 B2, #9 # C3K2 — AKConv ( Cross stage partial network
with kernel size 2 and adaptive kernel convolution) GRIZ R L B GE ) HE T R0 28 X5 AN [ R B R 1) o o7 1 5 Ik A0
C2PSA ( Convolutional block with parallel spatial attention) #EHe#%ky C2PSA — HSAN ( Cross-stage partial with hybrid
spectral attention network ) FER 38 Z 0 ALEFIEAS T 5 R0 E HLH] , v] i &t om i AU 7E & 29358 T ASER G /8 71, iR
A LR R RIS R F M F1 {H .mAP@ 0.5 Fl mAP@0.5:0.95 43535 88.9% .81.7% .85.2% .
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Pear Detection Method in Complex Orchard Environments Based on
Improved YOLO 11

Zhou Jianjun' Fan Lin' Liu Quanle’ Wang Xingmin' Wang Bin'  Qiu Quan’
(1. College of Information Engineering, Beijing Institute of Petrochemical Technology, Beijing 102617, China
2. College of Intelligent Science and Engineering, Beijing University of Agriculture, Beijing 102206, China)

Abstract; Aiming to address the challenges of detecting pear fruits in orchard environments, such as
variable illumination, multi-scale targets, dense distributions, and severe occlusions, a pear detection
method was proposed based on an improved YOLO 11 framework. The proposed approach integrated a
self-supervised shape-aware feature enhancement (SS — SAFE) module into the base YOLO 11 network,
which learned to predict the aspect ratio of targets through self-supervised learning, thereby strengthening
the perception and extraction of distinctive pear-shape features. Additionally, an adaptive kernel
convolution ( AKConv) was used to replace the standard convolution in the original cross stage partial
network with kernel size 2 (C3K2) module, forming a cross stage partial network with kernel size 2 and
adaptive kernel convolution ( C3K2 — AKConv) deep feature extraction structure,, improving the network’s
adaptability to pears of varying scales. Furthermore, the C2PSA ( convolutional block with parallel spatial
attention)) module was replaced by the C2PSA — HSAN ( cross-stage partial with hybrid spectral attention
network ) module, which optimizes the feature interaction and fusion mechanism, significantly enhancing
the model’ s feature fusion ability in complex environments. Experimental results show that the improved
model achieves a precision of 88.9% , recall of 81. 7% , Fl-score of 85.2% , mAP@0.5 of 88.6% ,
and mAP@ 0.5:0.95 of 67.2% , outperforming the baseline YOLO 11n by 3.8, 1.9, 2.7, 3.2,
2.9 percentage points, respectively. This study offers a technical reference for the intelligent management
and automated harvesting in pear orchards.

Key words: pear detection; YOLO 11; self-supervised learning; adaptive kernel convolution; feature

fusion
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Fig.8 Effect of heatmap visualization
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Fig.9 Detection performance in sunny scenarios
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Fig. 12 Detection performance for occluded objects
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