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Radio frequency interference is a significant issue that affects the data
quality of Sentinel-1A Level-1 satellite imagery, leading to difficulties
in data analysis and application. Therefore, radio frequency interference
detection and removal are crucial step in Sentinel-1A data
preprocessing. This study focuses on developing an advanced detection
method based on the YOLOv1I network. The YOLOvI1 model is a
state-of-the-art model known for its fast and accurate object detection
capabilities. However, to enhance the effectiveness of radio frequency
interference detection in Sentinel-1A data, this research presents an
improved model by integrating Attention Module into the network
architecture, namely: ECA (Efficient Channel Attention), GAM (Global
Attention Mechanism), SA (Shuffle Attention), and ResCBAM
(ResBlock + Convolutional Block Attention Module). The paper also
constructed a high-precision, manually labeled RFI image dataset to
facilitate the training and evaluation of the models. Experimental results
demonstrate that the improved YOLOv11 + SA model achieves higher
accuracy and faster execution speed compared to the original model.
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Nhiu tan s6 v tuyén
Sentinel-1A Level-1
YOLOv11

Phat hién d6i tuong
Hoc sau

Nhiéu tan sd vo tuyén 1a mot van dé dang ké anh huong dén chit luong
dir liéu anh vé tinh Sentinel-1A Level-1, gay ra nhitng kho khén trong
viéc phan tich va ung dung dit liéu. Do d6, viéc phat hién va loai bd
nhiéu tin s§ v6 tuyén 1a mét budc quan trong trong tién xtr 1y dit liéu
Sentinel-1A. Nghién ctru ndy tap trung vao viéc phat trién mét phuong
phap phat hién nhidu tan sb v6 tuyén tién tién dya trén mang YOLOVI 1.
M6 hinh YOLOv11 1a mdt mé hinh m&i nhit hién nay v6i kha ning phat
hién d6i twong nhanh chéng va chinh xac. Tuy nhién, dé nang cao hiéu
qua phat hién trong dir liéu Sentinel-1A, nghién ctru nay da trinh bay
mot mé hinh cai tién bing cach tich hgp thém Attention Module vao
kién trac mang la: ECA (Efficient Channel Attention), GAM (Global
Attention Mechanism), SA (Shuffle Attention) va ResCBAM (ResBlock
+ Convolutional Block Attention Module). Bai viét ciing dd xay dung
mot b dir liéu dugc gan nhan thu cong vdi dd chinh xac cao phuc vu
cho qué trinh huén luyén va danh gia cdc mé hinh. Két qua thyc nghiém
cho théy phuong phap mo hinh cai tién YOLOvV11+ SA c6 d6 chinh xéac
cao va tbc do thyuc thi nhanh hon so véi md hinh ban dau.
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1. Gi6i thi¢u

Nhléu tan sb vo tuyén (RFT) dang tré thanh thach thirc nghiém trong d6i v6i hé thong radar khau
do tong hop (SAR), lam suy giam dang ké chat luong dit liéu thu thép. Hién tuong nay phat sinh tir
nhiéu ngudn khac nhau, chang han hé théng thong tin lién lac, thlet bi radar 1an cin va cac thiét bi
dién tir hoat dong tring dai tan [1], [2]. Mot sb nghién ctru chi ra ring RFI khong chi lam giam do
tuong phan va do phan giai cua anh SAR ma con gay sai 1éch trong cac phép do dinh lugng, tir d6
anh huong dén kha nang phén tich dia vat 1y [3], [4]. Hau qua nay dic biét nghiém trong trong cac
tmg dung thyc tién nhu giam sat moi trudng, quan 1y tai nguyén va ung phé thién tai, noi dit liéu
chinh xac 1a yéu t then chdt [5]. Vi du, trong cong tac danh gi4 thiét hai sau thién tai, dit liéu SAR
bi nhiéu ¢6 thé dan dén uée lugng sai pham vi anh hudéng, gdy cham tré hodc dinh hudng sai cac
hoat dong ctru trg. Tuong tu, viéc giam sat bién doi dat dai hay giam sat tau thuyén trén bién ciing
bi anh hudng do RFI lam sai 1éch thong tin [6]. Pang chu y, RFI con 1am sai 1éch dic tinh tan xa
clia myc tiéu — mot yéu td it dwoc thao luan nhung ¢6 nguy co giy ra nhim lan trong theo doi tai
nguyén hodc phan tich hau thién tai [7]. Nhiing hé luy trén cho thdy, viéc giam thiéu RFI khong chi
céi thién chat Iu’O'ng dir liéu ma con néng cao do tin cay cua cac tmg dung SAR trong thuc te Trong
nhitng nam gin day, nhiéu phuong phap di dugc nghién ciru va phat trién dé giai quyét van d& RFI
trong anh SAR, c6 thé duoc phan loai thanh cac nhom chinh nhu sau:

Céc phuong phéap xir 1y tin hiéu truyén théng: Cac phuong phap nay thuong sir dung cac ky
thuét nhu loc, phan tich phd, phén tach tin hiu dya trén ma trén, hodc cac thuat toan thong ké, xir
ly don gian [8] - [12]. Uu diém cua chung 1a don gian va dé trién khai, tuy nhién thuong gap kho
khian khi xir Iy RFI ¢ céu trac phtc tap hodc khong 6 6n dinh theo thoi gian, hodc trong viéc bao
toan cc tin hidu hitu ich trong dit liéu, din dén mat thong tin quan trong.

Céc phuong phap dya trén phan tich ma tran/tensor: Cac phuong phap nay thuong tan dung
tinh chét thwa ciia RFI trong khong gian tin hidu dé tach chung ra khoi tin hiéu SAR [13] - [17].
Tuy nhién, hiéu sudt ciia cac phuong phap nay phu thudc 16n vao gia dinh vé tinh chét thua va c6
thé khong hoat dong t6t trong méi truong co RFI day dic.

Cac phuong phép dua trén hoc sdu: Cac phuong phap ndy sir dung mang no-ron tich chép
(CNN) hoac cac klen tric mang sdu khac dé hoc cac dic trung ctua RFI va phan loai ching [18],
[19]. Mic di c6 tiém ning 16n trong viée xir Iy cac loai RFI phtrc tap, nhung cac phuong phap
hoc sau thuong doi hoi luong 16n dit liéu hudn luyén va co thé gip kho khin trong viée tong quat
hoa cho cac loai RFI chua gap trudce do.

Nghién ctru nay d& xuat mot phuong phap mai dé phat hién RFI trong dir liéu Sentinel-1A
Level-1 bang cach cai tién mang YOLOv11, mét kién triic mang no-ron tich chip manh mé trong
bai toan phat hién ddi twong. Pong gbp chinh cta nghién ctru bao gom:

Cai tién kién trac YOLOv11: Bang cach tich hop cac Attention Module ECA, GAM, SA, va
ResCBAM, mang duoc t6i uu hoa dé tang cuong kha ning hoc dic trung va hiéu suét phat hién RFI

Xay dung bo dir liéu RFI: Mot bo dir liéu RFI da dang duoc xay dung tir anh Sentinel-1A
Level-1, bao gdm cac loai nhidu phé bién va duoc gan nhan can than.

Phu’orng phédp dugc danh gia trén by dir liu da xay dung va so sanh voi cac phuong phép
khac, chimg minh hiu qua vuot trdi Ve do chinh xac, kha nang khai quat hoa va toc do xur ly.
Céc phan tiép theo cua bai bao dugc sip xép nhu sau: Phan 2 trinh bay phuong phap cai tién
mang YOLOv11; phin 3 phan tich két qua thir nghiém; va phin 4 dwa ra két luan chung.

2. Phuwong phap nghién ciru

YOLOVI1 1a mot mo hinh phat hién déi twong bang cach chia anh déu vao thanh mot ludi cac
6, mdi 6 chiu trach nhiém dy doan cic hop bao quanh dbi tugng va xac suit xuét hién cua ddi
tuong trong 6 d6. YOLOVI1 str dung kién traic CNN dé trich xuat dic trung tir anh va dwa ra du
doan. So véi cac phién ban trudc, YOLOvI 1 c6 nhitng cai tién dang ké vé toc do xur 1y, d chinh
xéc va kha nang phat hién dbi tuong nho.
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2.1. M6 hinh Yolovll

Ho mé hinh YOLO (You Only Look Once) da tao nén tiéng vang 16n trong linh vuc thi giac
may tinh voi kha nang phat hién dbi twong theo thoi gian thuc. Piém manh ciia YOLO chinh 1a
su két hop hoan hao giira téc do xir Iy nhanh, d6 chinh x4c cao, kha ning khai quat hoa tot va
kién triic don gian. Kién trac cia ho mé hinh YOLO gdm c6 ba thanh phin chinh: Backbone,
Neck va Head dugc trinh bay chi tiét & Hinh 1 va Hinh 2. Backbone c6 nhiém vu trich xuét céac
dic trung (features) tir hinh anh du vao tao co s& cho Neck tong hop tir cac 16p khac nhau dé tao
ra mot biéu dién dic trung phong phti hon va Head thyc hién du doan cubi ciing vé bounding box
(vi tri, kich thu6c) va phan loai ddi tuong.

Tir phién ban YOLOv1 dén YOLOVI10, cac nha nghién ctru da khong ngimg céi tién, mang dén
nhitng budc tién dang ké vé hiéu suat va do chinh xac. Phién ban YOLOvI11, ra mét tai hoi nghi
YOLOVision 2024 [20], danh diu mot cot mdc quan trong véi nhing dot pha vé cong nghé.
YOLOvI11 st dung kién trac mang CSPDarknet53 dugc cai tién, két hop cung SPPF va Focus, cho
phép t6i wu hoa qua trinh trich xuat dic trung cia dbi twong. Nho d6, YOLOv11 dat dugc do chinh
xac 4n tuong trén cac bd dir lidu phd bién nhu COCO ma van dam béo toc do xtr Iy vuot trdi. Mot
diém dang chu y khac 1a viée str dung ham mét mat CIoU thay thé cho IoU truyén théng. CloU gitp
danh gia chinh xac hon mirc d tring khép giita ving du doan va ving thyc té ciia di tuong.

Conv

' :

PSAL |Cc3K | 1 Conv
[ Altelntion ]—[ Conv ]— [ Conv2d ]

Concat

Concat Concat

Hinh 2. M6 hinh chi tiét cic khoi trong mang YOLOvI 1
2.2. Cii tién mé hinh Yolovl1
2.2.1. Tich hop Attention Modules vao Neck ciia YOLOvI 1

Neck 1a thanh phan quan trong trong kién tric YOLOV11, némﬂ giita Backbone (trich xuét dic
trung) va Head (du doan dau ra). Nhiém vu chinh cia Neck 1a tong hop va xir ly dic trung da
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tang tir Backbone dé tao ra tap dic trung mang nhiéu thong tin. Tuy nhién, phu’(yng phép xu ly
ddng déu cac dac trung hién tai dan dén viéc bo sot thong tin quan trong. Dé khic phuc, nghién
ctru dé xuét tich hop Attention Module vao Neck. Co ché nay giup mé hinh tap trung vao ving
dic trung quan trong (nhu RFI), giam nhidu va nang cao d6 chinh xac phat hién.

Cu thé, bén loai Attention Module duge khao sat gém: Shuffle Attention (SA), Efficient
Channel Attention (ECA), Global Attention Mechanism (GAM) va ResBlock + Convolutional
Block Attention Module (ResCBAM). Viéc tich hop ching vao Neck cho phép m6 hinh linh hoat
can bang glua d6 phuc tap tinh toan va hiéu suét. Klen tric cai tién duoc minh hoa trong Hinh 3,
thé hién vi tri va cach két hop cac module nay dé t6i vu hoa ludng dic trung.

1
Conv j—{Concat

Conv )—{Concat

Neck

Hinh 3. M6 hinh phén Neck sau khi cdi tién
2.2.2. Chi tiét cac Attention Modules

Céc Attention Module duoc nghién ctru ap dung trong Neck c6 co ché hoat dong da dang, tap
trung vao ting cudng kha ning biéu dién dic trung thong qua chu y theo kénh (channel) hodc
khong gian (spatial). Dudi day 1a mé ta chi tiét timg module:

a) Shuffle Attention

Shuffle Attention (SA) 1a mét Attention Module hiéu qua, dugc thiét ké dé cai thién kha nang
biéu dién ciia mang no-ron tich chap (CNN) ma khong lam ting dang ké do phtc tap tinh toan.
SA hoat dong béng cach chia dac trung d4u vao thanh cac nhom doc theo chiéu kénh, sau do ap
dung cic co ché attention song song (Channel Attention va Spatial Attention) 1én timg nhém dé
hoc cac mbi quan hé giita cac kénh va khong gian. Sau do6, cac kénh thong tin dwoc xdo tron
(Channel Shuffle) giita cac nhom dé ting cudng trao ddi thong tin, va cac dic trung dugc tinh
chinh tir mdi nhém duoc ghép lai dé tao ra diu ra, gilip mang tap trung vao cac dac trung quan
trong hon va nang cao hiéu suét tong thé [21].

Xét vi du véi mot dau vao x sé dugc chia thanh cac nhém nhé hon va nhom thi i dugc ky
hiéu 14 x;. Ting nhom nho s& duoc phan chia thanh hai phan 13 x;; va x;, dé xir Iy song song nho
khéi “split”. D6i v6i x;;58 ap dung Channel Attention bang cach sir dung ham Global Average
Pooling (GAP) dé trich xuit thong tin toan cuc. Két hop véi ham Fully Connected (FC) va
Sigmoid dugc ap dung dé chon loc thong tin mot cach chinh xac va linh hoat ta c6:

xi1' = o{FC[GAP(x;1)]} & xin M
Tuong tu d6i v6i Spatial Attention, thay GAP bang ham Group Normalization (GN) ta dugc:
xiz' = o{FC[GN(x;2)]} ® xi2 (2
Cubi ciing dau ra x;” duoc tao ra biang cach ghép nbi x;,'va x;,’
X' = X1 Ox 3)

b) Efficient Channel Attention

Efficient Channel Attention (ECA) 1a mét module chu y kénh dugc dé xuét dé cai thién hleu
suét bang cach giam do phirc tap tinh todn cua cac Channel Attention truyén thong, ddng thoi van
duy tri hiéu qua trong viéc nim bét thong tin quan trong gitra cac kénh [21]. Y tuéng chinh cua
ECA 14 sir dung mot ham 4nh xa truc tiép (thuong 1a mot 16p tich chap 1D) dé tinh toan trong s6
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cho mdi kénh, thay vi sir dung cac 16p fully connected tén kém vé mat tinh toan. Cu thé, ham
GAP duoc ap dung dé tinh trung binh gia tri cia mdi kénh trén toan bo feature map dau vao X;,
va sau d6 4p dung thém ham tuong tac giira cac kénh (CC - cross-channel interaction) dé tao ra
dic trung tong hop X,
Xe = CCIGAP(X;n)] 4)
Sau do6 ECA xem xét tuong tac gilta moi kénh va y kénh lan cén cua n6. ECA tranh giam
chiéu béng tich chap 1D, thay vao do thuc hién tuong tac da kénh mot cach hiéu qua. Trong sd a;
cua cac déc trung X; (thudc tép y kénh lan cén) dugc tinh theo cong thuc:

y
Z wixl,
j=1
ECA str dung mot phuong phap thich tmg dé xac dinh kich thudc y cia kernel tich chap dua
trén s6 lugng kénh N. Mdi quan hé giita chiing duoc biéu dién nhu sau:
log,N B
= + —
“E T,
Vi 8 dugc chon 1a 2 va k 1a 1, ham odd tra ve so 1€ gan nhat véi gia tri.
¢) ResBlock + Convolutional Block Attention Module
Convolutional Block Attention Module (CBAM) 1a mét Attention Module két hop bao gdm:
Channel Attention Module (CAM) va Spatial Attention Module (SAM) [21]. CAM st dung ham
GAP va Global Max Pooling (GMP) dé tong hop thong tin. Hai két qua nay duoc dua vao mot
Multi-Layer Perceptron (MLP) chung véi mét 16p an. Pau ra cia MLP sau d6 duoc dua vao ham
Sigmoid nhu sau:

6))

N = 28—k (6)

M (X) = o{MLP[GAP(X)] + MLP[GMP(X)]} @)
Tuong tu SAM cung su dung GAP va GMP dé trich xuét dic trung nhung két qua cua chiing
dugc nodi véi nhau va dua vao nhan tich chap vai kich thude 7x7.
My(X) = o{f"¥ [GAP(X)©GMP(X)]} (8)
Ap dung vao thuét toan ciia CBAM déi véi feature map dau vao X;,, ta co:

, Xour = Ms(X) ® X , voi X = Mc(Xin) ®Xin , )
Khi trién khai CBAM trong ResBlock dé tré thanh ResCBAM thi dau ra s€ dugc trién khai la:
Xour = Xin + Ms(X) ® X, (10)

d) Global Attention Mechanism

Global Attention Mechanism (GAM) ké thira céu triic co ban cia CBAM, bao gébm ca CAM
va SAM, dugc thiét ké dé cai thién kha ning biéu dién dic trung so voi CBAM [21]. Piém nbi
bat cia GAM la viée tich hgp Shortcut Connection, ‘mot ky thut duoc muon tir kién truc ResNet.
Két ndi nay cho phép thong tin tr 16p dau vao truyén tryc tiép dén 16p dau ra, bé qua mot s6 16p
trung gian theo phuong trinh tong quat:

Xout - Xln + {M [M (Xm) ® Xm] ® [M (Xln) ® Xm]} (11)

Trong thanh phan CAM dugc thay dbi sir dung hoan vi 3D trudc, sau d6 1a mot MLP hai 16p

dé khuéch dai sy phu thudc giira cac kénh va khong gian.

M, X)) = a{ReversePermutation[MLP(Re}?ersePermutation(X NI} (12)
Con doi véi SAM s€ str dung hai 16p tich chap 7x7 dé tich hop thong tin khong gian.
M,(X) = O'{BN[f7x7(BN + ReLU(f7"7(X)))]} (13)

Tom lai, GAM cai thién CBAM bang cach tich hop két ndi tat, sir dung hoan vi 3D trong chu
y theo kénh, va loai bo gdp cuc dai. Nhimg cai tién nay gitp GAM nim bt cic mdi quan hé
phtic tap hon trong dit li€u va bao ton nhidu thong tin hon tir ban dd dac trung, dan dén hiéu suit
t6t hon trong céc tac vu.

Bdn module trén duoc dénh gia dé can bang giira d6 chinh x4c va tdc do xir Iy, trong d6 SA va
ECA phui hop cho tmg dung thoi gian thuc, trong khi ResCBAM va GAM mang lai hiéu suit cao
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hon & chi phi tinh toan 16n.
3. Két qua va thio luin
3.1. Dit liéu

Tap dit liéu bao gém 1000 mau anh RFI véi kich thuéc 640x640, duoc gan nhan theo khu virc
xuét hién nhiéu véi cu trac phu hop theo chudn di liéu diu vao cia YOLO. Qua trinh tién xtr ly
duoc thuc hién theo tai liéu huéng dan [22] gém cac budc sau:

Buéc 1: Tao project trén Google Earth Engine va chay script theo dudng dan:
https://code.earthengine.google.com/2035f40ee8fac0ca741d0cf895¢35a9b

Budc 2: Trong dd thi “Radio Frequency Interference” lwa chon thoi diém ma tai d6 murc
Vertical-Horizontal (VH) cao nhat dé hinh anh nhiéu RFI duoc cap nhat.

Budc 3: Di chuyén trén dd thi dé tim toa d6 cac ving bi anh hudng boi RFI (xudt hién dudi
dang cac vét mau xanh hodc vang). Mdi mot ving hinh chit nhat s& luu lai 2 diém toa do trén
cung bén trai va dudi cung bén phai va dir li€u dd thi RFI dudi dang tép .csv cua vi tri bi anh
huong nhiéu nhat bén trong vung. Tai budc nay, ching t61 da thyc hién tai dir liéu tir cac vung
sau: (25.78, 48.92; 27.25, 52.17), (23.06, 52.07; 25.91, 57.05), (23.49, 52.87), (25.42, 57.93),
(21.43, 38.64) (cac ving chi c6 mot toa d6 vi dién tich tuong déi nho).

Budc 4: Tao tai khoan va truy cdp vao website : https:/search.earthdata.nasa.gov/search/.
Chon myc “SENTINEL-1A_SLC” & bang két qua tim kiém.

Budc 5: Dua vao dir liéu cac vung da luu, nhap cac thong tin vé toa do vung (néu co hai toa
d6 thi chon “Rectangle”, néu mot toa do thi chon “Point”), thoi gian dugc xac dinh tai cac vi tri
¢6 muc VH >= -15 trong d6 thi RFI.

Budc 6: Tai hét toan bd cac manh xuét hién trong khung két qua tim kiém va thuc hién véi toan
bo cac ving. Mdi mot manh s& ¢6 dung luong khoang 3-4 GB, toan b6 5 vang c6 171 manh bi RFI
anh huong. Tung t€p dit liéu duge xir ly ¢ bude 7 dén 12 @é vé dinh dang anh thong thuong.

Budc 7: Su dung phan mém SNAP dé thyc hién mé cac tép dir liéu da tai vé.

Buée 8: Tién hanh hiéu chinh dix liéu: Radar => Radiometric => Calibrate.

Budc 9: Két hop cac manh: Radar =>Sentinel-1 TOPS => S-1 TOPS Deburst.

Budc 10: Loc ddm va lam min anh: Radar => Speckle Filtering => Single Product Speckle
Filter v6i tham sb b6 loc sir dung Gamma Map.

Budc 11: Xir Iy da huéng: Radar => Multilooking v&i tham sé Number of Range Looks 14 8.

Budc 12: Chon hudng (VH/VV) va xuét hinh anh twong tmg véi do phan giai cao nhét s& thu
dugc két qua 1a anh den tring véi kich thudc khoang 60 MB va phin tén s& c6 thém cum
“ Cal_deb_Spk ML”.

Nhiing birc anh nay s€ dugc dua vao mdt cong cu tu xay dung cho phép nguoi dung khoanh
ving thu cong cac khu vuc bi nhiéu anh huéng dé cat thanh cac buc anh vai kich thude ¢b dinh
va gan nhan theo toa dj tuong ddi cua nhidu. Sau khi thuc hién tir 171 tép dir liéu SLC thu duoc
hon 1000 mau anh va chiing s& dugc chia thanh hai phﬁn huin luyén (80%) va kiém tra (20%).

3.2. Hudn luyén mé hinh

Céu hinh phan ctng dugc sir dung cho cac thi nghiém 1a GPU (GTX1660 6GB), CPU (Intel
Xeon(R) W-1270E CPU 3.40GHz x 16), RAM 16GB. Qua trinh dao tao dugc thyc hién béng
khung hoc séu PyTorch 2.5.1 va Python phién ban 3.12.8. Bang 1 tom tit cac thiét 1ap tham sb
can thiét cho qua trinh do tao.

3.3. Két qua

Dé danh gia r0 rang tac dong cua cac Attention Module dén hiéu qua hoat dong ciia md hinh
YOLOVI1, ching t6i da tién hanh so sdnh hi¢u suét cua n6 véi cac phién ban YOLO trude do.
Két qua so sanh cu thé dugc tong hop va trinh bay chi tiét trong Bang 2.
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Bang 1. Tham s6 cai dat hudn luyén mé hinh

Tham sb Epochs Batch Size Imgsize Learning rate Optimizer Momentum

Gia trj 300 8 640x640 0,01 AdamW 0,937

Radio Frequency Interference at {lon:49.95, |at:26.61)

Hinh 4. Két qua chay script trén Earth Engine: (a) D6 thi RFI theo thoi gian va (b) dnh khu viee bi RFI tic déng
Bang 2. Tong hop két quda cdc mé hinh YOLO

Model -

Mo hinh mAPO0,5 mAP 0,5- Precision Recall ParametersInference Size T.r atning

0,95 (ms) (MB) time (h)
YOLOvOt 0,901 0,798 0,961 0,860 1.970.979 5,5 4,7 1,874
YOLOv10n 0,908 0,797 0,970 0,852 2.694.806 52 5,8 1,628
YOLOvl1n 0,903 0,795 0,971 0,868 2.582.347 4,9 5,5 1,383
YOLOvVIIn+ECA 0,899 0,788 0,988 0,855 2.582.359 4,1 5,5 1,428
YOLOv1IntGAM 0,907 0,794 0,963 0,865 3.263.627 8,0 6,9 2,330
YOLOvIIn+SA 0,911 0,803 0,974 0,878 2.582.563 4,1 5,5 1,478
YOLOvVI IntResCBAM 0,907 0,800 0,970 0,865 3.815.571 5,2 8,0 1,637

Dua trén sb liéu két qua cua timg phién ban, ching t6i nhan thdy cac mé hinh co s¢ nhu
YOLOV9t, YOLOv10n va YOLOvI 1n cho thiy sy twong dong vé hiéu suét phat hién ddi twong,
v6i cac chi s6 mAP@0,5 va mAP@0,5-0,95 kha gan nhau. Trong sb d6, YOLOV9t ¢6 sé luong
tham s it nhat (1,97 triéu), cho thdy sw cin bang t6t gitra hiéu sudt va do phirc tap. Tuy nhién,
viéc bd sung thém Attention Module vao phién ban YOLOvI 1n cho thdy nhitng két qua cai thién
dang ké & mot vai tham sb nhat dinh. Cu thé la:

V6i module ECA, mic di mAP@0,5 giam nhe tir 0,903 xudng 0,899 va mAP@0,5-0,95 giam
tir 0,795 xudng 0,788, Precision lai ting dang ké tir 0,971 1én 0,988, cho thy mé hinh c6 kha
nang du doan chinh xac hon nhung lai b6 15 mot s6 dbi twong, thé hién qua viéc Recall giam tu
0,868 xudng 0,855. Mot diém dang chu ¥ 1a viéc thém ECA gitp giam thoi gian suy ludn xudng
con 4,1 ms so v6i 4,9 ms cia YOLOvI 1n nguyén gdc, trong khi s6 tham s6 chi ting khong dang
ké. Piéu nay cho thiy ECA co thé giup mé hinh tip trung vao cac kénh dic trung quan trong ma
khong 1am ting dang ké do phtrc tap tinh toén.

Nguoc lai, module GAM gitp ting nhe mAP@0,5 tir 0,903 1én 0,907 va mAP@0,5-0,95 tir
0,795 1én 0,794. Tuy nhién, sy cai thién nay di kém vai viéc giam Precision tir 0,971 xuéng 0,963
va Recall tir 0,868 xudng 0,865. Pidu dang chu ¥ nhét 12 s6 tham s cia mé hinh ting 1én déng ké
tir 2,58 tridu 1én 3,26 triéu, dn dén thoi gian suy ludn ting 1én 8,0 ms va thoi gian hudn luyén mo
hinh kéo dai hon (2,330 gi®). Piéu nay cho thdy GAM c6 thé mang lai sy cai thién vé hiéu suat
phat hién, nhung d4nh dbi bang chi phi tinh toan va thoi gian huén luyén cao hon.

Vi két qua tuong tw GAM, m6 hinh ResCBAM dat dugc mAP@0,5 (0,907) va mAP@0,5-
0,95 (0,800), ddng thoi c6 Precision (0,970). Tuy nhién, viéc sit dung ResCBAM khién s6 tham
s6 ciia md hinh ting 1én cao nhat (3,81 triéu) va thoi gian suy luan cing tang lén 5,2 ms. Piéu
nay cho thay ResCBAM c6 thé mang lai mot chut cai thién vé hiéu sudt phat hién, nhung lai di
kém v6i sy ting 1én dang ké vé& do phirc tap va chi phi tinh toan.

Cudi cung, m6 hinh YOLOvIIn+SA c¢o thé xem 12 mot sy lua chon tdi uu trong sO cac
Attention Module dugc thir nghiém. Viéc thém SA vao YOLOvlln khong chi cai thién ca
mAP@0,5 (tir 0,903 1én 0,911) va mAP@0,5-0,95 (tir 0,795 1én 0,803) ma con ting ca Precision
(tr 0,971 1én 0,974) va Recall (tr 0,868 1én 0,878). Quan trong hon, thoi gian suy ludn ctia mo hinh
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ciing giam xudng con 4,1 ms, tuong ty nhu YOLOvIIn+ECA. Diéu nay cho thiy rang SA c6 kha
nang gitip md hinh tip trung tot hon vao céc vi tri khong gian quan trong trong anh, tur d6 cai thién

ca d9 chinh xac va kha nang phat hién doi tugng ma khong lam tang dang ké chi phi tinh toan.
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Hinh 6. Két qua phat hién trén 16 dnh véi cde mé hinh: (a) YOLOvIIn+ECA; (b) YOLOvIIn+GAM
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Dé minh hoa mét cach truc quan hiéu qua ciia cac cai tién dwoc dé xuat, Hinh 5-7 trinh bay
mot loat cac vi du phat hién dugc thyc hién trén bd dir li€u chuén ddi véi cac méd hinh. Cu thé,
mo hinh nguyén géc Hinh 5 d4 nhan dinh nhidm & mau tha 2 va bé s6t mot muc tiéu & mau sb 14,
trong khi d6i v6i cac mé hinh cai tién ¢ Hinh 6-7 nhiing sai sot nay da dugc khic phuc, ngoai ra
X4c Xuét khéng dinh muc tiéu & mot s6 mau cho théy su cai thién dang ké chung minh cho hiéu
qua cua phuong phap dua ra.

i 1.0

i 0.9rfi 0.9710.9 i 0.9 0,91 0.9
BT P | { B S L |

(b)
Hinh 7. Két qua phat hién trén 16 anh voi cac mé hinh: (a) YOLOvI1In+SA; (b) YOLOvIIn+ResCBAM

4. Két luan

Bai bao di d& xuat mo hinh cai tién YOLOv11 dé phat hién RFI trong dit liéu anh Sentinel -1A.
Két qua thyc nghiém cho thiy phuong phap c6 thé mang lai nhiing cai thién tuy thudc vao loai
Attention Module va cach chiing dugc st dung. Trong khi ECA ¢6 thé cai thién tde d6 suy luan va
Precision, cac module nhe GAM va ResCBAM c6 xu hudng ting hiéu sudt nhung ciing ting dang
ké chi phi tinh toan va ndi bat voi module SA vdi su cin bang giita hiéu suit va chi phi, mang lai
hiéu quéa cao v& mAP va Recall ma khong lam ting dang ké thoi gian suy luan. Diéu nay cho thiy
ré“mg viéc lya chon va tich hgp cac Attention Module can thuc hién mot cach can than, dua trén cac
yéu cau cu thé ciia img dung va sy can béng gifra hiéu suét, d6 phirc tap va chi phi tinh toan.

Dinh huéng phat trién nghién ciru dé cai thién hiéu qua cua phuong phap dé xuét bang cach
tap trung vao viéc két hop cac module khac nhau, dé tan dung wu dlem cua tung loai va dat dugc
hiéu qua tong thé cao hon. Ngoai ra, mot hudéng di khac 1a phét trién cac Attention Module hoan
toan mdi, c6 kha nang tdp trung vao cac dac trung quan trong cia anh mét cach hiéu qua hon,
ddng thoi giam thiéu do phic tap tinh toan. Cac nghién ciru ¢6 thé hudng dén viée phat trién cac
Attention Module ti hoc (self-attention) hodc cac bién thé cua attention dua trén dd thi (graph
attention), htra hen mang lai nhiing cai tién dang ké vé hiéu suat va do tin cay ciia mé hinh.

Tir két qua thuc nghiém cho thdy phuong phap da dé xuit co tiém ning Gng dung rong rai
trong viéc xir Iy anh vé tinh Sentinel-1A Level-1 va dong gop vao viéc ning cao chét lugng dit
liéu cho cac g dung khoa hoc va thuc tién.

Loi cam on

Nghién ctru nay duoc tai tro boi Trung tdm 80 - Cuc Tac chién dién tir trong dé tai ma s6 KC-
KT.33/23.
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