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Abstract

To address the missed and false detection of young apple fruits in natural orchard scenes caused by
their turquoise color, highly similar to leaf tones, along with small target scale, dense spatial distri-
bution, and easy occlusion by branches and leaves, this paper proposes an improved object detec-
tion model, YOLO-Apple, for young apple fruit detection. Based on the YOLOv11n baseline, this
method introduces the lightweight feature enhancement unit Mona into the backbone C2PSA mod-
ule (denoted as C2PSA_Mona) to strengthen the feature mapping capability in complex backgrounds,
and modifies the C3k2 module by embedding the EMA attention mechanism into its enhancement
block (denoted as C3k2_EMA) to improve the feature representation and selection capabilities. Ex-
periments were performed on a dataset of 5558 young apple fruit images collected from natural
scenes in Aksu City and Shihezi City of Xinjiang, which was partitioned into training, validation and
test sets at a ratio of 7:2:1. Experimental results show that YOLO-Apple achieves the detection per-
formance of P=91.5%, R =75.9%, F1 = 83.0 and mAP@0.5 = 84.4% on the test set, and outperforms
multiple mainstream comparison models with a lightweight overhead of 6.5 GFLOPs and approxi-
mately 2.6 M parameters. Ablation experiments further verify the effectiveness of the C2ZPSA_Mona
and C3k2_EMA modules, thus providing a novel method for young apple fruit detection in natural
orchard scenes.
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Figure 1. Display of young apples
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Figure 2. Structure diagram of YOLO-Apple
[ 2. YOLO-Apple Z1[E]
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Figure 3. Structure diagram of C2PSA_Mona
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Figure 4. EMA structure diagram
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Table 1. Results of ablation experiments
Fz 1. JHELSCIOZER

Model C2PSA_Mona C3k2_EMA P (%) R (%) F1-Score mAP@0.5 (%) GFLOPs Parameters (M)

1 x x 923 736 81.9 82.3 6.3 2.6
2 N x 913 748 82.2 82.9 6.4 2.6
3 \ \ 915 759 83.0 84.4 6.5 2.6

R AIAAEL, UM C2PSA_Mona (Model 2)J5, Recall M 73.6%#%F+ % 74.8%, Fl-score M 81.9
ETH % 82.2, MAP@O.5 M 82.3%FE T+ 82.9%, it I ZAEH AEA W/ IS L T ARG I & (RIS
HHESZHE LT,

TE LA Bk — 25 5] N C3k2_EMA (Model 3)J5, TREFETH B NIHE: Recall #2744 75.9%, Fl-score
5% 83.0, MAP@0.5 $2TH 2 84.4%. FHEFELE, mMAP@O0.5 #2 2.1 N 404, Fl-score 5 1.1. 5t
B, THEESCNMEE N, SBERFAL, KPR SGHE LT AR ISR B T2~ &5 7
o FATI AR

3.2. StEEECLE

NEGE YOLO-Apple HEAYAEE A BRI b (M PEREOL S, AHIF FTIREL T 2 Fh 0000 H An kil 54
it EESEgs, AL4E YOLOv8n. YOLOV9-tiny [11]. YOLOv1On [12]. YOLOv12n [13]#1 YOLOv13n [14].
SLIGSE RN 2 Fs.

Table 2. Comparative experimental results
2. LR LER

Model P (%) R (%) F1-Score MAP@0.5 (%) GFLOPs Parameters (M)
YOLOv8n 90.6 74.4 81.7 82.4 8.1 3.0
YOLOV9Nn 91.6 73.3 81.4 82.0 1.7 2.0
YOLOv10n 92.4 72.8 81.5 82.2 6.7 2.3
YOLOv12n 91.8 73.4 81.6 82.1 5.8 25
YOLOvV13n 91.2 73.5 81.4 81.8 6.1 24

YOLO-Apple 91.5 75.9 83.0 84.4 6.5 2.6

MK 0K B 22 & 5 K5 B, YOLO-Apple ) mAP@O0.5 ik 3| 84.4%, &35 & T A ) b A 7Y
(81.8%~82.4%), HHXFiLEEL YOLOV8N (82.4%) 4T 2.0 AN EH 7 i, Bt WAL 20 B H AR I € £ 5 73 2K
EUERG. [FRT, YOLO-Apple ) Fl-score &y 83.0, T 5% iRl (81.4~81.7), FHHIHAE Precision 5
Recall 2 [AJHU1S T 4T [1)-F4 .

MAERE, YOLO-Apple f] Recall iA%] 75.9%, AATE R FfE, HE YOLOVSn (74.4%)1 7t
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ZEGKG, YOLO-Apple 7EHFEANAN 3 M IS AR 1 AT £ S S0 my A DURG P 5 13 I de, A T
FLAE S R4 FAT AT 55 b (A R 5 R T .
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Figure 5. Display of test results
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4. BiLSR
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££ |, YOLO-Apple 7E{F4F 5% 52 24 )& (6.5 GFLOPs, 2.6 M S0 T NS S22 & RE: P =91.5%.
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R=75.9%. F1=83.0. mAP@0.5=284.4%. HZF Tz mAixitt, YOLO-Apple ] mAP@O0.5 Lt
REEL IR T2 2.0%, HEIZEWILRT]H i, WS RSG5 A % WalsLE—2R Y, B85
A C2PSA_Mona 5 C3k2_EMA e I-FRIAR, &AL AEINSHEMEOL T LU ES A
[0 (1 [ 20 st

MEERE, YOLO-Apple I H 3= ZARBIAE A 5] 3 5 84K 5T & (F1. mAP)J#TH, X34 SR 144
B AR RS SE RH JE R s RIS R A T AR A, B o R38BTk 77 T, C2PSA_Mona
AT ORERIERIA . RIS, 110 C3k2_EMA #E— b bt S8 X IR 5%, i mAP@0.5 K75 58 B
B, PRI VER ) SRHERG SN BRI A R . REAR IR, AE AR T RS2 BR T
FAOCM, SRIER . 1SS B R S = R S R R thAh, b B AREO™ E E SRR R
IR 5 1R . 8T N =5 T sedh: — 2 51 NSE SR BUs 1 o S5 38 1 & B AR Tz ks o REE A
5 A R bR SRS B 2 R W B T/ HARIR s = A B0 B 34T BT R AL SRk, SIEH B v
2 55 TR AR T e (1) S Ao o

E&WH
B AR FRAK I 94 I H (TDZKSS202341) .
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