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Abstract

Remote sensing target detection has important application values in monitoring, urban planning and
other fields, but due to the large change in target scale, complex background and insufficiently robust
feature extraction in remote sensing images, detection is difficult to actually require. This paper aims
to study a remote sensing object detection based on attention mechanism to improve detection accu-
racy and robustness and provide more efficient technical support for remote sensing images. This pa-
per proposes a remote sensing object detection model YOLO-Shuffle-MSDA based on YOLOvS8, which
enhances feature expression capabilities by introducing the ShuffleAttention module and the multi-
scale feature fusion module (MSDA). The ShuffleAttention module optimizes feature extraction through
attention mechanism to effectively distinguish targets from complex backgrounds; the MSDA module
improves the model’s detection ability of multi-scale targets through multi-scale feature fusion. Through
multiple sets of comparison experiments and visual inspection results, it can be seen that this paper
effectively improves detection accuracy, false detection and missed detection. In addition, this paper
designs and implements a complete remote sensing object detection system, including model training,
verification and testing modules, and a user-friendly demonstration verification system, supporting
single images, batch images, videos and real-time camera detection.
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Figure 1. Operator use case diagram
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Figure 3. Functional module diagram of remote sensing target detection system with attention mechanism
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Figure 4. Overall structure diagram of YOLO-Shuffle-MSDA
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class C2f_MSDA(nn.Module):

def init (self, channels, heads=3, dilation rates=(1,2,3), se ratio=8):

super(). init ()

assert channels % heads == @

self.heads = heads

self.cm = channels // heads

self.dilations = dilation rates

# depthwise dilated convs

self.dw = nn.ModuleList([

nn.Conv2d(self.Cm, self.cm, kernel size=3, padding=d, dilation=d, groups=self.Cm, bias=False)
for d in dilation_rates

D

# pointwise to mix channel per head

self.pw = nn.ModuleList([nn.Conv2d(self.Cm, self.Cm, kernel size=1, bias=False) for
self.bn_pw = nn.ModuleList([nn.Batchnorm2d(self.cm) for _ in range(heads)])

# SE (channel attention) per head

self.se fcl = nn.ModuleList([nn.Linear(self.Ccm, self.cm//se_ratio) for _ in range(heads)])

self.se fc2 = nn.ModuleList([nn.Linear(self.Cm//se_ratio, self.Cm) for _ in range(heads)])

# spatial attention conv per head (keeps single-channel map)

self.sa_conv = nn.ModuleList([nn.Conv2d(2, 1, kernel size=3, padding=1, bias=False) for _ in range(heads)])
# fusion 1x1

self.fuse = nn.Conv2d(channels, channels, kernel size=1, bias=False)

self.out_bn = nn.BatchNorm2d{channels)

in range(heads)])

Figure 7. Code
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. BlEgEhRAAE 4 35, 25 0 Bidr s “aircraft” (KHL), K5 1 #idr 4o~ “oiltank” (), 255!
2 Wian 44N “overpass” (BLAZHF); 2 3 Hidn 44~ “playground” (#:3%).

(2) BLAYYIZ

BRI SRARAS AL E A S 3 YOLO-Shuffle-MSDA B8 Il Zrid 72, & 8 FivR, EZIhREAL IR
HYIGEH . HEINLESE LB ShNGAES . 1, #id YOLO (ultralytics/cfg/models/v8/yolvos-att2-
MSDA.yamI)WIaaA A, Jeda e 7 BEC B SO #5E, lid model.train() /7 VAR E 2RS40, HEEL
PR BUGIT IgRie s, LR/, B fIRIL 5. st ARBSE R B 2 42 TIE. TiH
TRATBR AR RN S0 42 PR A8 ik ix BARED , P AT DLR VS TR BRI 250 &, 4R 2 % )5 3)) YOLO-Shuffle-
MSDA A I ZR AT 55 -
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if __name_ == "' main_ ":
model = YOLO('ultralytics/cfg/models/v8/yolovg-att2-MSDA.yaml")
#model .load('yolov8n.pt') # loading pretrain weights
model.train(data="/storage/home/018623/dataset/RSOD/RSOD/data.yaml’,
cache=False,
imgsz=640,
epochs=300,
batch=32,
close mosaic=10,
workers=12,
device="1",
optimizer="SGD', # using SGD
# resume="", # last.pt path
# amp=False, # close amp
# fraction=0.2,
project="runs/train/"’,
name="exp’,

)

Figure 8. Training code
8. ML

(3) ke R

HE IR R T ERE R I R AN ERIE Y B, 200K R BRIV AS FR bR A8t E 35, X s T
YIZRFNRAE R box loss. cls loss. dfiloss, LA A& & (precision). 7[5 (recall)s mAP50 Fl mAP50-95 2545
Fro MWEIHRTLAE H, IZRPIIA & 0 R 4T B g iane, RIBRESE 2 ) B B Ws:  [Fn,
PEAS 8 AR (U0 precision. recall. mAP50 il mAP50-95)7E Il Zrid FE H b LIF It &t 1A, Bl
PEREAWIHR T IR BRSO SRR PrgE B, BEBLNTIF G MR, Wik X LG,
TGRS . BRRE, BAE R R p R RAF MR ROCR, S T8 AR 1 AR i 35 75 & T,
BOAE T IR A sk

3.3.2. WIES5MR
AR 9 FroR:

import warnings
warnings.filterwarnings('ignore")
from ultralytics import YOLO

if _name__ == '__main__":
model = YOLO('runs/train/exp7/weights/best.pt")
model.val(data="/storage/home/018023/dataset/RSOD/RSOD/data.yaml",
split="val’,
imgsz=640,
batch=4,
# iou=0.7,
# rect=False,
# save_json=True, # if you need to cal coco metrice
project="runs/val’,
name="exp',

)

Figure 9. Verification code
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HREE BRSSP RREAT TR ZE e, RS, M2 I RN AR EL R AR T SR A

L HN T WA E YOLOVS AR AR A 7R SEIG IR I, FRAT1FE 42 T S48 i (Parameters) . BFb7F
RS HE(GFLOPs). ¥ (P)~ A 1RI1%(R)~ mAP50 LA K& mAP50-95 %5 % N ekt fabn . ASCHEHI YOLO-
Shuffle-MSDA HHAE 2N B br BRIV T, JCHZAEREFE(P) AT mAP50-95 J7 1, 43 milis %) 0.939 A
0.958, WM T HAMAR . X — RIS HTh T804 ShuffleAttention 15 5 2 RUBE (RFIE AL &
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Table 1. Comparison of experimental results of different network models
1. TEIMERBI LIS EERRTEL

No. Method Parameters GFLPs P R mAP50 mAP50-95
1 YOLOvV8 3006038 8.1 0.755 0.9 0.914 0.636
2 YOLOV8-MHSA 3203804 8.2 0.867 0.89 0.922 0.641
3 YOLOv8-ShuffleAttention 3006524 8.1 0.901  0.907 0.948 0.635
4 YOLOV8-SimAM-1 3006428 8.1 0.888  0.912 0.93 0.625
5 YOLOV8-SimAM-2 3006428 8.1 0.908 0.918 0.95 0.635
6 YOLOv8-C2f_Attention 3047892 8.3 0.938  0.909 0.944 0.645
7 YOLOv8-SEAttention 3014620 8.1 0.858  0.933 0.931 0.63
8 YOLOv8-C2f-MSDA 2649564 7.4 0.902  0.904 0.942 0.616
9 YOLO-Shuffle-MSDA (Ours) 2649468 7.4 0.933  0.939 0.958 0.628
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