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Abstract

To address the challenges of caterpillar fungus detection in the complex plateau environment of the
Qinghai-Tibet Plateau, including intricate high-altitude backgrounds, frequent target occlusion, and
the elongated morphology of cordyceps that easily blends with natural surroundings, this paper
proposes improvements based on the YOLOv8 model. First, we design a Double-layer Deformable
Convolution building upon Deformable Convolution, establishing a dual-layer dynamic convolution
adjustment mechanism. This utilizes feature offsets to adaptively adjust convolution kernel size and
shape, enhancing feature saturation and alleviating information imbalance caused by downsam-
pling. Second, to tackle missed detection due to occlusion, we integrate the Spatially Enhanced At-
tention Module (SEAM). Through depthwise separable convolution and residual modules, this en-
hances semantic features of unoccluded regions and optimizes weight information in spatial chan-
nels, effectively improving information extraction and detection capabilities in occluded environ-
ments. Finally, we introduce a novel FASFF-head detection head to adaptively learn spatial weights
of multi-scale feature maps for spatial feature fusion, ensuring multi-scale feature coordination. Ad-
ditionally, a dedicated small-target detection layer is added above the original detection layers,
significantly improving detection accuracy in dense grassland environments. Experimental re-
sults demonstrate that the improved model achieves 4.2% and 2.9% increases in mAP@0.5 and
mAP@0.5:0.95 respectively compared to YOLOv8 on our self-built Tibetan Cordyceps dataset. On
the public Flavia Dataset, YOLOv8-DSEAM shows superior performance: while slightly higher in pa-
rameters than YOLOv10n, it improves mAP@0.5 by 1.3% and mAP@0.5:0.95 by 0.8%, fully demon-
strating the enhanced detection capability and generalization power of our model in dense vegeta-
tion scenarios.
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Figure 1. Improved YOLOvV8-DSEAM model structure
1. Bi#EH YOLOVS-DSEAM 15 A5 H
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Figure 2. Ordinary convolutional model
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Figure 3. Variable convolutional model
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Figure 4. Double variable convolution
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Figure 5. The structures of SEAM and CSMM
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Figure 6. The FASFF network architecture diagram
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Figure 7. Self-built Cordyceps dataset
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4.1. XFEESCIG

HIRNIEAE YOLOV8-DSEAM 5 AY 7 ot BURSHIAT- 55 7 R 2801 5 HERf 1, AHHE FE 6 HL 1 SSD. Faster-
RCNN. YOLOvVS5s. YOLOv6. YOLOv7-tiny. YOLOvS 25508 ELAi A, 78 [ s Hdn e b A 25 )
Xfbe, BpRXT A R 1 R,

Table 1. Comparison experimental results on self-built datasets

F 1. BRBIESEX SRR

A mAP@0.5 mAP@0.5:0.95 S H(MB) FPS

SSD 0.655 0.405 100.2 21
Faster-RCNN 0.702 0.443 136.7 26
YOLOV5s 0.817 0.527 7.02 76
YOLOV6 0.821 0.506 15 80
YOLOv7-tiny 0.828 0.514 6.11 82
YOLOVS 0.854 0.634 8.77 78
YOLOV8-DSEAM 0.896 0.663 6.83 81

YOLOVS8-DSEAM 1 & 4437 se il A, AH 5 3 A% A s o S8 & k. mAP@O.5 #& T+ 4.2%.
mAP@0.5:0.95 34+ 2.9%, [FIFHRFRSIS 1 o B X HL 7R, YOLOV7-tiny BEFE AL, (ALK A7
ERFEZE . DL EXTLESEIGUERA, ok AR AL RE i AR i s W RS A MR R . S BB T B 2 (R K R,
FEXF HE A S DR ER 2 R, R BGs B A

ik — L8 UF YOLOVS-DSEAM #2137 AL RE /), WF7Ti%E M SSD. Faster-RCNN. YOLOv8n. v9t.
v10n &5t J77%, 1 Flavia Dataset [23 50884 FRFAT R AR X L, BT e an s 2 Ao

I YOLOVS-DSEAM 5 HiAth S #E A5 AU #F Flavia Dataset %4 45 b 5256 45 S ar LLR B,
YOLOV8-DSEAM [ 7 ¥ &= T YOLOvIOn Al YOLOvlin, 7 mAP@0.5 FH YOLOvIOn #5 1
1.3%, b YOLOvIIn#2& 1 1.7%. £ mAP@0.5:0.95 Ftt YOLOvI10n $2% 1 0.8%, t YOLOvIIn #25
T 0.9%.  DA_b 56 &5 S W e B A S RO AT SR AR AT DR R AR R e S AR
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Table 2. Comparison experimental results on public datasets

F 2. AFFHIEEX SR

| mAP@0.5 mAP@0.5:0.95 Z 48 (MB)

SSD 0.751 0.510 100.2

Faster RCNN 0.806 0.512 136.7
YOLOv8n 0.87 0.568 8.74
YOLOV9t 0.867 0.570 8.1
YOLOV10n 0.872 0.577 6.7
YOLOvI11n 0.868 0.576 6.5
YOLOv8 DSEAM 0.885 0.585 6.83

4.2. jHRLSELE

N T ) SEEGAE SO AR I S BRCR . AR R T RANTH RS . ST o K T R
YOLOvV8. YOLOV8-DSS. YOLOvVS8-SEAM. YOLOvVS-FA L& YOLOv8-DSEAM. H:H1, YOLOvS-DSS
EWE K H DSS XUZ AR RN 45 5 # 45l YOLOVS (AR ZS s 1l YOLOVS-SE MIZR/RAE A 1EE )
MU IERE B, 51N T 25 (A 58E 2 /1 (SEAM). YOLOVS-FA 18K /2 #4463k iy FASFF-head. %%
ANSEE R T B BRI, BRI RS LW 3 Fios.

Table 3. Ablation study comparison results

3. HARSKIE AR

it DSS SEAM FASFF mAP@0.5 mAP@0.5:0.95

YOLOVS 0.854 0.634
YOLOv8-DSS J 0.867 0.641
YOLOVS-SE V 0.884 0.648
YOLOVS-FA \ 0.873 0.652
YOLOVS8-DSS-SE \ % 0.879 0.645
YOLOvV8-DSS-FA \ \ 0.871 0.642
YOLOVS8-SE-FA % \ 0.889 0.658
YOLOvVS8-DSEAM \ % \ 0.892 0.663

225000, F DSS M4 ## YOLOVS JEEFM4 5, YOLOvVS -DSS B JFIT mAP@O.5 1271 1.3%.
5/ N SEAM Ji7, BJFR mAP@0.5 T} 3%, mAP@0.5:0.95 2T+ 1.4%, iEW@EL 5] N SEAM B, fifi
A TR B PR AL 40T FUSCHE, B R sR B SCRFE Itk . 51N FASFF J5, BJEEA mAP@0.5 #27t+
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Figure 8. Visualization comparison chart

8. ATHLLXIEEE

BHEEME R, fEE R MNIER 5 F, Faster-RCNN fll YOLOvSs H B A (3 HEFRiR),
YOLOv8n. YOLOV10n ¥JAF/E RIS o 7E AR SCHUEE 52 @l (AL R AE SR B, A 80 e 21 T Y
HFRAER IR, Sl T RS HERG I .

B HRG RN, £ RERZ R F, Faster-RCNN A1 YOLOvSs [R5 45 4k S SRR AE $ B A 2 1 I
Ki: YOLOv8n. YOLOVIOn NZK TS AL T IR B A B bR 1A S ek 55250 o s P R AE 27 > A
B, ARX TR RERAE, RS 7B E AR

BEHEEB SRR, RS R, Faster-RCNN 1 YOLOv5s [FIZ5 AIFHEIRE S BURK
YOLOv8n Fl YOLOv10n tHAFTEAFIFEE AT . ASCHIEE I 2= A A= P, SRS T &
BRI MGZE T, 1R SR 5 NI vT DLARUE A i PR TIRS 2

5. &

ASCHR AR YOLOVS YR BN B AR A%, s e JR %79 5 N UsE B g, Gt
e TXURAT ARG, PR S AR BN, SRR NRTAR AT AR, AT B b o 1R e £
SRR AT, S R SR U RS AR . 28)5, SIN SEAM IR ML, B sif ik
AR, S H A T A v A AT XA . S, BT YOLOVS 7R/ H ARKFAE SR EL 1Y)
AR, GIANT FASFF Ak, A RGMIRTE 7 AR B fh BRI IR . SCIR IR, otk rd
YOLOv8 A AT LLORTIERT B P S5 IS L ORFFAE 0.892 /KT, REfSIH AL 42 tR RIS H ARAerill i 75
Ko

JEBRK, ks Ui aity, DLt — D3R mri AL ARGl e B A B Ak, 4 X RE A% DL S PRt P2
AN SE 7 8 1) Ve #6 HEAT HUR A AS DN o

S5k

[1] SE&di, i, B4R, & LhEREFNRMETIRMZ A2 RD]. PEBEZLIARE, 2025, 56(2): 205-216.
[2] W& ETREZE I HREN S RABARM]. st 4% Tl i, 2021.

[3] K3, &Y. MW@ PSR YOLO ikt 4R [I]. tHANL TR 5 R, 2024, 60(21): 38-54.

DOI: 10.12677/sea.2025.142044 509 A TR R


https://doi.org/10.12677/sea.2025.142044

z

(7]
(8]

[9]
[10]
(1]

[12]

[13]

[14]
[15]

[16]
[17]

XNE, FHE. IFEIM AR Z R AN AP A ERIEES XX, 2024, 45(12): 84.

TR, BRRHZE, MRk, 5. vhdb st 25 MRl & AE P UL BRI, A B AR HLIE 2231, 2025, 46(1): 290-298.
FH, AHE, T&R, % 50/ B AT A8 1@ B R B AU SETE T[], B il R R 2 Rk (B AR R 2
i), 2022, 42(4): 69-74.

IS, EeH, AR, 55 ST OOk SSD Y HARISIL[T]. BOAE, 2024, 45(11): 71-76.

B, sOB, o0, & T LSS I A IE SR BRI VA AL [I). R ER ML SRR, 2025, 46(1):
157-163.

R, HTHE, R, 55 ST U0k EfficientDet FUAREZ MY Mol BHGE, 2024(12): 30-35.
R, BifEdE, FLZBL S5 M EOE RT-DETR F SR RS SC A [D]. 5 SR 515 84k, 2025(1): 79-82.
WEN, B, ERA, S ST HOE Faster R-CNN AU B0 AR, bRl RoE 544, 2025, 44(1): 62-
73.

FIeRY, 20, Z29RTT, 4%, 25T Mask R-CNN HYSIAEE N HABGRTIEI L[], T BRI A3, 2024, 45(9):
215-219.

FuR, KR, BTG, % Tt YOLOVS Hgt B R E R0 5 EAARAL[T]. PURE K2Rk (E 2R
BlE£RR), 2025, 47(2): 171-183.

MRITN, HiEdR, RmEsE, 55 BT YOLOVS BAR B RS IIR 3 7 vk ()], BT AR ML, 2025, 56(4): 112-117.
AORH, B, A, S T od YOLOvVSn BB A MEYm U R VR 0], TETR R 2E4k, 2024, 40(11):
2021-2031.

YRR, e AN G AR A B AE AR ATEAS T 0 S (7). AR BR 52354, 2024(11): 3-5.

Mréoe, 1, FEF, &, FF YOLO-SSAR M HARMEE T A LM L] Aol TFREZAR, 2025, 41(2): 215-
223.

2V, LRI YJR, AN ERS R-FEER, & 3T YOLOVS (/MR T Io% 8 & BRI, S ER
WL 2EAR, 2025, 46(2): 259-263, 278.

VR, MoLfE, B, . JET EDH-YOLO MR EME R F AT I7ET]. R HUM SR, 2024, 55(22):
246-254.

ZRIR AR, EHRTT, EHA, 5. T YC-YOLO v7 5 8Y FI e g i MR ECR A 5 A [T]. A 2ETR, 2024, 55(12):
322-332.

BORBL, EAE, #ivE, % AT H0E YOLO v8n ISR BRI BEAT 7T 1], 1L RMLERY, 2024, 52(24): 196-
204.

XAk, skEB, R4, % 5T YOLO v8n Bu#M/NEmFRMARL[T]. RN, 2024, 55(z1): 280-
287, 355.

Wu, S.G., Bao, F.S., Xu, E.Y., Wang, Y., Chang, Y .-F. and Xiang, Q.-L. (2007) A Leaf Recognition Algorithm for Plant

Classification Using Probabilistic Neural Network. 2007 [EEE International Symposium on Signal Processing and In-
formation Technology, Giza, 15-18 December 2007, 11-16. https://doi.org/10.1109/ISSPIT.2007.4458016

farey
~5
frey
~5

DOI: 10.12677/sea.2025.142044 510 B TR R


https://doi.org/10.12677/sea.2025.142044
https://doi.org/10.1109/ISSPIT.2007.4458016

	基于改进YOLOv8的虫草小目标检测算法
	摘  要
	关键词
	Cordyceps Small Object Detection Algorithm Based on Improved YOLOv8
	Abstract
	Keywords
	1. 引言
	2. YOLOv8模型改进
	2.1. 改进双层可变卷积
	2.2. 改进空间增强注意力机制
	2.3. 检测头优化

	3. 实验设置
	3.1. 数据集
	3.2. 实验环境与参数配置
	3.3. 模型评价指标

	4. 实验结果
	4.1. 对比实验
	4.2. 消融实验
	4.3. 可视化实验分析

	5. 结论
	参考文献

