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MO HINH YOLOV11 CAI TIEN VOI KHOI KET HOP KHONG GIAN
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Tém tit: Nghién ctru nay dé xudt mot phuong phép cai tién dya trén mé hinh YOLOv11 cho
bai toan phat hién bénh c4 trong méi truong nudi trong thiy san. Céac cai tién chinh bao gdom: (1)
tich hop khéi két hop dic trung khong gian va kénh (Spatial and Channel Fusion Block - SCFB) dé
tang cudng kha ning trich xuét dic trung; (2) str dung ham mat mat Scylla-IoU (SIoU) dé t6i uu hoa
qué trinh huan luyén; va (3) bo sung tang dau ra P2 chuyén biét cho viéc phat hién cac vat thé co
kich thudc nhd. M6 hinh dugc danh gia trén bd dir liéu FISH-DISEASE-DT (12.556 anh, 5 loai ca
va 4 loai bénh). Két qua cho thdy mé hinh dé xuat dat do chinh xéac trung binh (mAP@0.5-0.95) 1a
84,95%, vuot troi so voi cac mo hinh nén tang nhu SSD (47,3%), Faster R-CNN (55,62%), DETR
(64,82%) va YOLOV11 gbc (71,67%). V& hiéu suit, md hinh dat téc do xur Iy 89 khung hinh/gidy
(Frames Per Second - FPS) trén anh dau vao 640x640 pixel, dap (mg yéu cau ing dung thoi gian
thue. Két qua nay khing dinh tiém ning ctua phuong phép trong viéc phat trién hé thdng hd tro chan
doan sém, gop phan nang cao hiéu qua quan 1y va tinh bén viing trong nganh thily san.

T khoa: YOLOvI1, Két hop dic tring khong gian-kénh, Thi gidc may tinh trong ndng nghiép,
Phat hién bénh tw dong, Sirc khoe dong vat thuy san.

Abstract: This study proposes an enhanced method for fish disease detection in aquaculture,
based on an improved YOLOv11 model. Key enhancements include: (1) integrating a SCFB to
strengthen feature representation; (2) employing the Scylla-IoU (SIoU) loss function for optimized
training convergence; and (3) adding a dedicated P2 detection head to improve small-object
detection sensitivity. The model was evaluated on the FISH-DISEASE-DT dataset (12,556 images
covering 5 fish species and 4 disease types). The proposed model achieved a mean Average Precision
(mAP@0.5-0.95) of 84.95%, outperforming baseline models such as SSD (47.3%), Faster R-CNN
(55.62%), DETR (64.82%), and the original YOLOV11 (71.67%). In terms of efficiency, it maintains
an average processing speed of 89 FPS on 640x640 pixel inputs, meeting real-time application
requirements. These findings confirm the potential of the proposed method for developing early
warning systems, contributing to more effective and sustainable aquaculture management.

Keywords: YOLOvII, Spatial-Channel Feature Fusion, Computer Vision in Agriculture,

Automated Disease Detection, Aquatic Animal Health.

14Vién Ung dung cong nghé
23 Trudong Dai hoc Dién luc.
SHoc vién Chinh tri quoc gia H6 Chi Minh

28



SO 3 (27) - 2026 TAP CHi KHOA HOC DAl HOC DAI NAM

1. Pit van dé

Phét hién sém bénh ca 1a yéu td then chdt trong quan 1y nudi trong thuy san (FAO, 2024). Tuy
nhién, cac mo6 hinh hién tai chu yéu tap trung vao nhan dién loai hoac bénh ly khi da dua 1én bo,
trong phong lab, hodc trén phong nén sach, chua tdi wu cho méi truong dudi nude do thach thic vé
anh sang, d6 duc va chuyén dong tu nhién (Wang et al., 2023; Yang et al., 2024). Cac phuong phap
truyén théng nhu SSD (Liu et al., 2016) (47,3% mAP), Faster R-CNN (Ren et al., 2016) (55,62%)
va DETR (Carion et al., 2020) (64,82%) boc 16 han ché trong viéc xir Iy vat thé da kich thudc, dic
biét 14 hién tugng suy giam dic trung hinh hoc ciia ddi tugng nho qua cac 16p tich chap. Ngay ca
YOLOVI11 (Glenn Jocher & Jing Qiu, 2024) (71,64%), du da cai thién kha nang téng hop da ti 1€,
van gap kho khin khi dbi dién v6i cac dic trung hinh thai bénh 1y da dang. Trong khi cac nghién ciru
cai tién gan day, chang han nhu FishDet-YOLO (Yang et al., 2024), cha yéu tap trung vao viéc mo
hinh hoéa cac phu thudc tim xa (long-range dependencies), va cac phuong phap khac chi giai quyét
ting phan cac han ché nhu kha nang phat hién vat thé nhé hodc t6i wu hoa ham mat mat, nghién ciru
nay dé xuat mot hudng tiép can toan dién va khac biét. Cu thé, chung t6i dong thoi giai quyét ba khia
canh then chdt: (1) ting cuong biéu dién ddc trung thong qua co ché hgp nhat khong gian-kénh, (2)
t61 wu hoa d6 chinh xac dinh vi, va (3) nang cao do nhay phat hién ddi véi cac vat thé kich thudce nho.

Nghién ciru nay dé xuit mo hinh YOLO-SCFB duoc cai tién tir YOLOv11 thong qua viée tich
hop: (i) Mo-dun SCFB: Kién tric da nhanh két hop khong gian va kénh; (ii) Him mat mat SloU:
Tang cuong do chinh xac dinh vi (Gevorgyan, 2022); (iii) Téng Head P2: Téi wu viéc trich xuét dic
trung cho dbi twong nho (Zhai et al., 2023).

Mo hinh dugc thuc nghiém trén bd dir liéu FISH-DISEASE-DT (Dang, 2025) dé ching minh
hiéu sudt vuot trdi so v6i cac phuong phap truyén thong trong viée phat hién bénh 1y cua ca truc
tiép dudi nude. Cau hoi nghién ciru: M6 hinh YOLO-SCFB ¢ cai thién hiéu suat so voi cac phuong
phap truyén thong khong?

2. Phwong phap nghién ciru

2.1. Téng quan phwong phdp

Nghién ctru xay dyng mé hinh YOLO-SCFB dua trén kién tric YOLOv11, tap trung t&i uu kha
nang trich xuit va duy tri ddc trung bénh 1y. Giai phap bao gdm viéc tich hop khdi SCFB dé khai
thac mdi twong quan gitta khong gian va kénh, két hop cung ting Head P2 nham tang cuong do phan
giai cho cac dbi tuong kich thudc nhd. Ham kich hoat SiLU dugc lya chon nham tan dung déc tinh
c6 dao ham lién tyc, qua do giam thiéu hién tuong tiéu bién gradient va cai thién luéng lan truyén
nguoc so véi ham ReLU truyén thong, mot yéu td quan trong dé on dinh qua trinh huan luyén cho
céc kién trac mang c6 d6 sau trung binh. Vé ham mat mat, nghién ctru ap dung SIoU dé ti wu hoa
déng thoi toc do hoi tu va do chinh xac dinh vi hop gioi han. SloU dugc uu tién vi co ché toan dién
ctia n6, khong chi danh gia do chong lap hinh hoc (IoU) ma con tich hop cac thanh phan phat cho
goc léch phuong vi va khoang cach gitra cac tim. Co ché nay dinh huéng qua trinh t6i wu mot cach
hiéu qua hon, din dén su hoi tu nhanh chong va 6n dinh vuot trdi so voi cac bién thé ham mat mat
dua trén IoU thong thudng nhu CloU hay DIoU. Su phdi hop giita cic thanh phan nay gitip giam
thiéu viéc mat mat thong tin & cac 16p mang sau, dam bao hiéu qua phat hién c4 va bénh cta c4 trong
moi trudong dudi nude, nhidu.

2.2. Dir liéu va ky thudt tang cwong

Nghién ctru str dung bo dir liéu FISH-DISEASE-DT, bao gdm 12,556 anh véi 19,770 nhin
thudc 9 16p dbi tuong (5 loai ca va 4 loai bénh). D liéu dugc phan chia theo ty 1¢&: 70% cho huén
luyén, 20% xac thyc va 10% kiém tra (Bang 1).
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Béang 1. M6 ta b dir li€u cho mo6 hinh

MAu dir liéu
Tén lop S6 lwong miu - -
Huan luyén Xac thue Kiém tra
Bighead 1.925 1,379 353 193
Carp 2.282 1,558 476 248
EUS 3.591 2,599 658 334
Eye disease 2.137 1515 426 196
Fin lesions 2.367 1,627 483 257
Grass Carp 1.899 1375 358 166
Rotten Gills 2.003 1,417 390 196
Snakehead 1.860 1,260 418 182
Tilapia 1.706 1,180 362 164
Téng cong 19.770 13.910 3.924 1.936

Quy trinh tang cuong dir li¢u:

1.Bién d6i hinh hoc: Ap dung 1at ngang va doc, xoay 90°, xoay ngau nhién £15% va bién dang
khung hinh +£10% dé da dang hoa goc chup thuc té.

2.Hiéu chinh d6 bio hoa £10% va thém 0.1% nhidu k§ thuat sb nham ting d6 bén viing ciia mo
hinh tru6c diéu kién anh sang va chét lugng anh bién dong.

3.Dong nhit kich thudc toan bo dit lidu vé 640x640 pixel dé dam bao hi¢u suat xir Iy 6n dinh.

Téng cuong dit liéu gitp mo hinh nang cao kha nang tong quat h36

6a va tranh qua khop. Vlec tich hop cac bién doi hinh hoc va nhiéu ky thuat glup thuat toan
bén viing hon trude cac sai so nhu anh sang hay goc chup. Dong thoi, chuan hoa dau vao gitip can
bang giita d6 chinh xéac va toc do, gitip mo hinh hoat dong hiéu qua ngay ca trong mdi trudng thyc
té phirc tap.

2.3. Kién tric Spatial-Channel Fusion Block

Pé tang kha ning trich xuét dic trung, didc biét dbi v6i su phirc tap ctia cac dic trung ving bénh
¢6 hinh dang, kich thudc, mau sdc da dang, m6 hinh dugc mo rong bé'lng viéc tich hop SCFB 1a mot
khdi da nhanh, két hop thong tin khong gian va kénh dé ting cuong biéu dién ciia ban do dic trung
(Hinh 1).

Kién tric SCFB bao gém 3 nhanh chinh va mét nhanh hop nhét dau ra: Nhanh khong
gian (Branch 1) sit dung tich chap theo chiéu kénh véi ma tran tich chap 3x3 dé trich xuét
dic trung khong gian, gitp duy tri chi tiét hinh hoc (Chollet, 2016). Cho dic trung dau vao
X € REXCXHXW "¢y ra ctia nhanh nay tinh theo cong thire (1).

X, = SiLU (BN (DWConvsys(X))) (1)
Trong do:
— DWConvsys: tich chap theo chiéu kénh, kich thudc ma tran tich chap 3x3,
— BN: chuan héa theo 16 (Batch Normalization),
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Hinh 1. Kién trac khéi Spatial-Channel Fusion Block

3x3
DWConv

. o X1 NS — e }v BN o siu —
. Conv | Conv

BN - SiLU

> BN

Nhanh kénh (Branch 2) sir dung tich chap diém véi ma tran tich chap 1x1 dé hoc mdi quan hé
gitra cac kénh (Lin et al., 2013), b6 sung thong tin nhanh khong gian co6 the bo qua:

X, = SiLU (BN(Convy1 (X)) )

Nhanh 6n dinh (Branch 3) dau vao dugc dua qua 16p chuan hoa theo 16, ¢6 chirc nang chuan
hoa gia tri cua timg kénh theo phan phdi trung binh va phuong sai ctia 16 hién tai. Qua trinh nay gitup
6n dinh mién gia tri cua ddc trung, tir d6 gidm thiéu hién tuong dich chuyén phan phéi noi b, hd trg
qua trinh huin luyén hoi tu nhanh va 6n dinh hon.

X, = BN(X) (3)

Hop nhét va tinh chinh dau ra ctia ba nhanh trude duge hop nhét theo chiéu kénh, sau d6 di qua
tich chap diém1x1 d€ hop nhat va tinh chinh dic trung:

Y = SiLU (BN(Conv, 1 (Concat(X,, X, X.]))) 4)

SCFB dugc biéu dién dudi dang mot ham anh xa phi tuyén tir khong gian dic trung dau vao sang
khong gian déac trung dau ra c6 cung kich thudc:

fscpg: REXCHIXW - REXOHIW Y = fo e (X) (3)

SCFB xtr ly dong thoi thong tin khong gian va kénh thong qua ba nhanh twong tic bd trg.
Nhénh khong gian tip trung bao toan chi tiét hinh hoc, nhanh kénh ting cuong kha ning biéu dién
thong tin gitta cac kénh. Qua trinh hop nhét téng hop dic trung tir ca hai khia canh, dam bao ban dd
dic trung dau ra gitr nguyén kich thuée HxW s6 kénh C. Nho d6, SCFB tang kha ning mé hinh hoa
cac dac trung tir cac vung bénh, cai thién hi¢u suét phat hién va nang cao d§ chinh x4c ctia mo hinh.

2.4. M6 hinh cii tién

Khéi SCFB dugc dit tai dau ra P5 (trudc SPPF) dé tong hop va ning cao dic trung tir Back-
bone, qua d6 két hop thong tin ngir canh tong thé vai cac dic diém cuc bo.
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Hinh 2. Kién trac mo6 hinh YOLO-SCFB

. KiéntracNeck " DiuDetection

Lép dau vao
640x640%x3 v
v Concatenation :
Convolutional Layer 160x160x1024 C3k2 Module |
320x320x64 160"160)‘256 | $ Il
¥ v 'i | Detection Layer
i A - H
Convolutional Layer Upsampling Layer | Convolutional Layer H 160x160x[bbox+cls] |
150"‘?‘-’"123 160x160x256 | 80x80x256 i i
C3k2 Module i T
SRS ¥ C3k2 Module Concatenation
v i 80x80x256 80x80x1024
Convolutional Layer @ 4
80x80x256 i = ik
¥ i Concatenation C3k2 Module ‘! | Detection Layer
C3k2 Module : 80x80x1024 80x80x256 |1 80x80x[bbox+cls]
80x80x512 7 e
! i \ E
Convolutional Layer ! Upsampling Layer Can;J:gg:za;é_ayer
40x40x512 H 80x80x512 s
v R (Stride=2)
C3k2 Module T
40x40x512 C3k2 Module Concatenation
¥ 40%x40x512 J 40x40x768

Detection Layer

Convolutional Layer d 40x40x[bbox+cls]

20%20x1024 % 5
v Concatenation C3k2 Module
C3k2 Module 40x40x1536 40x40x512
20%20=1024 l
SCJ'FB Upsampling Layer ] Convolutional Layer
20%20x1024 L 40=40=1024 J 20x20x512
'3 i 5
Concatenation Detection Layer
SPPF Module
20%20x1024 20x20x1536 20x20x [I:box-l-cls]
v i
C2SPA Module H N C3k2 Module
20x20x1024 i 20x20x1024

Kién trac dé xuét ti uu hoa mdi quan hé khong gian-kénh ma khong lam gian doan truong tiép
nhan da ty 1€, cung cz‘ip cac biéu dién dic trung nhiéu thong tin cho giai doan Neck dé thyc hién viéc
két hop dac trung da cép d6 mot cach hiéu qua. Viéc bo sung déu ra P2 tang cuong do nhay trong
vi€c phat hién cac ddi tuong c6 kich thudc nho, trong khi van duy tri d§ chinh xac on dinh ddi voi
cac ddi tuong O ty 1€ 16n hon. Hi¢u suét dinh vi dugc cai thién rd rét thong qua ham méat mat SloU,
vbn ti wu hda dong thoi cac tham sb vi tri va hinh hoc ciia hop gidi han trong qua trinh huén luyén.
Téng thé, cac cai tién nay hoat dong mot cach hi€p déng, t6i wu hoa luéng lan truyén dac trung va
nang cao d¢ tin cdy cia mo hinh trong cac diéu kién moi truong thuc té da dang va phuec tap.

3. Két qua va thao luin

Qué trinh huan luyén mé hinh dugc trién khai trén nén tang Kaggle Notebook, sir dung moi
truong dién toan dam may véi cu hinh phan ctng mic dinh gdm hai GPU NVIDIA T4 (16 GB
VRAM mbi GPU), CPU 8 nhan, va RAM hé théng 12 30 GB (Harisudhan S, 2025; Kaggle Docu-
mentation, n.d.). Viéc sir dung hé thong nay gitip tan dung kha ning tinh toan song song, dam bao
toc do hudn luyén cao va kha nang luu trit mé hinh trung gian 6n dinh.

Méi trudng phan mém duoc thiét 1ap thdng nhat nhdm dam béo tinh tai 1ap két qua. Cac thanh
phan chinh bao gdm Python 3.11.13, PyTorch 2.6.0+cul24.

3.1. Két qud hudn luyén

Hinh 3 cho thiy YOLO-SCFB hoi tu 6n dinh v6i ham mat mat giam nhanh ¢ giai doan dau va
duy tri xu hudng giam dén cudi huin luyén. Precision va Recall chi dao dong nhe trude khi dat can
bang. Gia tri mAP@0.5 hon 97% va mAP@0.5:0.95 gin 85%, ching té mé hinh dat do chinh xéac
cao va 6n dinh trén nhiéu ngudng IoU.
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Hinh 3. Biéu d6 qua trinh huén luyén mé hinh YOLO-SCFB
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Bang 2 phan tich mirc dong gop ciia ting thanh phan cai tién trén tap dir liéu kiém tra. Qua phan
tich mo hinh khi tich hop ca ba thanh phan (Head P2 + SIoU + SCFB) dat hiéu suét cao nhat v&i
nhiing cai thién dang ké so véi phién ban YOLOv11: mAP@0.5 ting 3,19%, mAP@0.5-0.95 ting
13,28%, Precision tang 3,6% va Recall tang 6,34%.

Hinh 4. Ma trn nham 14n cia mé hinh YOLO-SCFB
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Bang 2. Anh huong ctia cac thanh phan cai tién dén hiéu suat mo hinh

Thanh phin tich hep mA(l:/o@))0.5 mAP%}()).)S-OSS Pris/is)ion R(?;:;ll
YOLOvl1 94,39 71,67 90,31 88,12

+ Head P2 94,61 72,07 89,95 88,96

+ SloU 95,02 73,18 91,47 88,75

+ SCFB 96,63 83,68 93,51 93,28

Head P2 + SIoU +SCFB 97,58 84,95 93,91 94,46

So sanh hiéu suit cia YOLO-SCFB véi cac mo hinh khac nham ching minh hiéu qua ciia mo
hinh (Bang 3). Tuy giam 14 FPS so v&i ban goc (103 FPS) nhung van dat 89FPS vai hidu suat vuot
troi, mo hinh van dam bao kha nang xtr 1y thoi gian thuc.

Bang 3. So sanh hiéu sudt YOLO-SCFB

Model mA(I: /%0'5 “:)‘.‘91;(‘(@130')5' Precision (%) | Recall (%) FPS
SSD 75,03 47,30 68,50 78,20 22
Faster R-CNN 81,28 55,62 74,78 82,55 2
DETR 86,34 64,82 88,41 80,03 20
YOLOv11 94,39 71,67 90,31 88,12 103
YOLO-SCFB| 97,58 84,95 93,91 94,46 89
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Mo hinh dat 3.767 phat hién chinh x4c. Tuy nhién, van ton tai céc 131 véi phan bd nhu sau: 16
gan nham nhan giita cac 16p (9 trudong hop), 181 phat hién gia tir ving nén (336 trudng hop), va 16i
bo sot dbi tugng (148 trudong hop).

3.2. Thdo lugn

M5 hinh YOLO-SCFB dat hiéu suit vuot tréi voi mAP@0.5-0.95 1a 84,95%, so véi cac md
hinh SSD (47,30%), Faster R-CNN (55,62%), DETR (64,82%) va YOLOv11 gbc (71,67%), véi toc
do xir 1y 89 FPS dap tng yéu cau thoi gian thuc.

Ma tran nham Idn (Hinh 4), sai s6 chu yéu dén tir viéc nhan dién nham nén thanh ddi tugng
(7,88%), tap trung & Snakehead va Tilapia do nhiéu tir phan sang hodc nudc duc. Ti 1é bo sot va
nham nhin thap (3,77% va 0,22%). Lop Rotten Gills dat két qua tdi uu tt, 16p EUS b sot cao nhit
(75 mau) do ving bénh nho va bién mo.

Hinh 5. So sanh két qua phat hién giira mé hinh YOLOv11 va YOLO-SCFB

YOLOv11 YOLO-SCFB

Hinh 5 minh hoa két qua phat hién cia mé hinh gbc YOLOv11 (a) va mé hinh dé xuit YO-
LO-SCFB (b). Hinh (a) cho thady YOLOv11 phat hién 6 ving ton thuong EUS véi diém tin cay
tir 0.39 dén 0.90, va 4 ca thé Grass Carp véi diém tin cay tir 0.45 dén 0.90. Trong khi do, hinh (b)
YOLO-SCFB khong chi duy tri kha ning phat hién cac dbi trong nay ma con cai thién dang ké: (1)
phat hién thém 2 ton thwong Fin Lesions (0.71, 0.77) ma YOLOv11 da bo sot, (2) nang cao diém tin
cdy trung binh cho céc phét hién Grass Carp (dic biét ting tir 0.45 1én 0.70 cho cé thé kho), va (3)
duy tri d9 tin cdy 6n dinh cho cac ving EUS. Két qua nay minh chtng cho kha ning vuot trdi cia
YOLO-SCFB trong viéc giam thiéu 181 bo sot, cai thién do tin cay va md rong pham vi phat hién so
v6i mo hinh gée.

Hiéu qua ctia md hinh YOLO-SCFB (Bang 2), mic ting 13,28% (mAP@0.5-0.95) 1a két qua
ctia tinh twong hd chit ché: Head P2 ting cuong kha nang phat hién cac dic trung nho (khic phuc
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han ché ddi voi EUS), SCFB va ham méat mat SIoU tdi wu trich xuét dic trung khong gian gitp phan
biét & cac d6i tugng co hinh thai tuong dong. Tuy téc d suy luan giam 14 FPS so véi YOLOVI1I,
nhung day 1a sy danh d6i kha quan dé dat do chinh xac cao. Két qua thuc nghiém chimg minh YO-
LO-SCFB cén bang tdt giita toc d6 va do chinh xéc, kha thi trong cac hé thong giam sat nudi trong
thuy san thong minh.

4. Két luan

Nghién ciru nay tap trung cai tién kién tric YOLOv11 nhdm giai quyét bai toan phat hién bénh
som trén ¢4 trong moi trudng nudi trong thuy san. Thong qua viée st dung khdi SCFB, bd sung ting
phat hién vat thé nho (Head P2), str dung ham mat mat SIoU. M6 hinh d¢ xuat dat duoc nhiing cai
thién vé do chinh xéc va tinh toan dn dinh, ddm bao kha thi cho céac ung dung giam sat thoi gian thyc.

Két qua thuc nghiém cho thiy, mé hinh YOLO-SCFB dé xuit dat do chinh xac trung binh
(mAP@0.5-0.95) 1a 84,95%, tang 13,28% so v6i phién ban gbc YOLOv11 (71,67%). Mic du do
phuc tap tinh toan tang, nhung mo hinh van duy tri duoc tde do xir Iy 89 FPS, vuot trdi so voi cac
kién trac hién dai (SSD, Faster R-CNN va DETR).

Du dat két qua tich cuc, mé hinh van can duoc cai thién trong moi truong phuc tap, nhiéu nhiéu
(nuée duc, anh sang thay d6i). Huéng nghién ctru tiép theo sé cing cd dit liéu va t6i vu hoa mé hinh
cho cac thiét bi phin cimg c6 tai nguyén han ché, ting kha ning tmg dung ctia mé hinh vao thuc tién
trong nganh nudi trong thity san.
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