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R, B BT AT R S 2 RO R ERR 10K H AR MBS DEMF-YOLO1 In (YOLO11n underwater object
detection model based on detail enhancement and multi-scale feature fusion). %4 PA YOLO11n N F 4K, A HEE L E T
SRR 166 53 W PR K /A R 736 B3 R HE 452 1 0, 8 P VR 2 5 TR 8 BERSR I J7 125 RFD (robust feature
downsampling) 73 71 B # A R 2 KR 2B K AL [N, 4 220% 314738 BB PKIModule (poly kernel inception
module) & b T SC#% SVE R /) CAA (context anchor attention) XPME R B -1 1) C3k2 HEAT T HT i, LAIGSRAR R Xof 24
4 H bR RAR R B AR RS- BOGECR, DURO B2 2% 18 50 N BARIERAIRE 7). B 5, M U 7K ARV b 55 DX 2 Pl 3 B
) E A1 Z5 40 5 1 a) ﬁ:%&%ﬂlﬁ]%*ﬁ)ﬂbGAFuSiOﬂ (content guide attention fusion) F B IR ZHFIE 54 EEM
(edge enhance module) BEATI Gt 58 5 1)V JE SOMARFIEREAT B IE MR & . 75 RUOD 4 46 b i) sega 44 SR W, DEMF-
YOLO! In B IEUERERY mAP, $2 Tt 2.8%, mAPsg o5 $2TF 4.1%, T SHERALIE AN 0.53M.

KIRIA): /KT HARKII; YOLO11; a3, 2 REAFAERL&; 3 & AL

SRR BV, M 3R, R 7, B2 R M T AN 0 5 2 RUBERMERR-& (KK R B AR THEEHL R S8 ,2025,34(9):69—78. hitp://www.
c-s-a.org.cn/1003-3254/9925 html
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%

Abstract: To address the challenges of low image resolution, significant variation in target size, water turbidity, and
occlusion that lead to poor detection accuracy in underwater objecf detection, a YOLO11n underwater object detection
model based on detail enhancement and multi-scale featute fusion (DEMF-YOLO11n) is proposed. The model is built
upon the YOLO11n architecture. To mitigate feature loss caused by standard downsampling in low-resolution images and
small targets, the robust feature downsampling (RFD) method is adopted to replace the shallow and deep strided
convolution layers. Tn additi&n, a module in the backbone is redesigned using the poly kernel inception module
(PKIModule) and context anchor attention (CAA), enhancing feature extraction for occluded and multi-scale targets, as
well as improving perception in complex underwater environments. To address the blurring of target edges caused by
water turbidity and similar factors, shallow texture features are first refined using the edge enhancer module (EEM), and
are subsequently fused with deep semantic features in the head network via the content guide attention fusion
(CGAFusion) module. Experimental results on the RUOD dataset demonstrate that the proposed DEMF-YOLOI1 In
achieves a 2.8% improvement in mAPs, and a 4.1% improvement in mAPs,.95 compared to the baseline model, with an

increase of only 0.53M in the number of parameters.
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n
i=1

A2000. FEAYIEACIREL epoch A 150, LK K/ANA 32, 1
F 3.10 iR 4 Python K 2.2.2 it 4 PyTorch #4771 %, Forf, TP oo B R T 1F 70 (4 1 REAREL; FP 2oy

CUDA A9 12.1. T TERE A RORE Ao, SEBR Jy S0RE A (O AR HG FN
4.3 TNERR RTINS AT AR, SeBroy IERE AT A

DGR VPN AR BORE FE K SR, A R VRN e 5 n AREBREARKL, APG) RFEE § FHFEART AP

F5: Py Ry mAPsy~ mAPso.os N Z &, iF 5 A 4.4 JHEhSCIS

X (1)—(4) P, P AKERA 2, 75 Pl i IR A AR A o N7 BAF DEMF-YOLO11n %-F YOLO11n %4t
RIIEREA EL B R D97 [ 2%, 2R SEEBm B IEAE A Hh ) Xof P ESCEAE 7K R S A IR EE R I O, BT R SR G
E#f I RE A LL B mAPs, %%E&Ea‘aﬁtt ToU BI1H N W 1 FoR. Hop, FRERALE R YOLOT In, 43 A
0.5 ISP 3045 B AR WIIIE; mAPs.95 F/NAE ToU RMH JI RFD AR, C3K2-PKI FHFIRIUE L. ECGA-
N 0.5-0.95 HH K~ 0.05 2 ANBRIE T 4P I¥IMH; Fusion FEE il A AR HL AR [F 204, <N 7n 78 e e s 7Y
SR RFRER S SHE, H TR S . AN T Mk

F 1 YOLOIIn JHfhszng g5
stgbg e RFD  C3k2-PKI ECGAFusion P (%) R(%) mAPsy (%) mAPsyes (%) %k (M)

1 — — — 83.8 74.6 82.4 57.2 2.58
2 v - - 83.8 76 83.2 57.9 2.56
3 - v — 847 771 84.1 59.8 $ 259
4 — — J 83.9 76.9 83.8 59.2 3.07
5 v \ - 84.6 71.5 84.4 602 e 256
6 V - V 85 768 843 | L0599 3.1
7 — \ J 85 771 “843 60.2 3.08
8 V J \ 85.4 775 85.2 61.3 3.11

MF 1 HERES 24 BERE AT LAE H, XFYOLO1 In T YOLO11n R, mAPs, 3T+ T 1.4%, mAPsg.o5 FE T+
SR, b 3 A MBS, &SRR T 2.0%.
BT 1 BE R T, I RFD R BbAh, 21 Hsas 57 FEOR T & U H AR AN [H]
Hets BT 5 5918 P K T H AR IA S a7, ARET AR XTBALE AR R FH S8 EHE T A, MR
YOLO11n, H mAPsy 127+ T 0.8%, mAPsq.95 2T+ T FHAN 0 IR, XF 3 Fh O AR R AT S AL S R
0.7%, HZEEWR/> T 0.02M; ¥ 0 C3k2-PKI FH1EH2 W PR THE ARG FE, HoW B S BN, I,
HASE Pt o 1 A0 2 ROBEARAL S AFE R K H H1SZ56 8 A%, X YOLO1In dinfAlr A ek i e 5, 3L
PREVEAIRE 77, A1 TR YOLO11n #7Y H ma P, 42 R BT YOLO1 In Y45 58 Kl B 52 71, o P 42
Tt 1.7%, mAPsy o5 TET+ 2.6%, ZHCEAIE N 0.01M, £ T 1.6%, R 2T+ T 2.9%, mAPsy 32T+ T 2.8%, mAPs o5
HERETEIX 3 P e AR o 2R i iF ; ECGAFusion 4§ T T 4.1%, MZHEEME I T 0.53M, BE%H 2K T
JIE R BB VR J2 1 2 4 1T R AE R AT SR AL, 5 IRE H ARAS I PR R 58 R el SRR, BT R AR AL X K
T SURFIEEAT B &G MR FERLA, RER8 A RUHE TH BB N E AR H BRI 55 2 AT B0 1 i, S —
5K T IR BE 0 4 R R AE B =3 S 4 1T IR N e 0. A SEPERETETE, IAERE B R A SR IS Mk .
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4.5 XtEbscIg
N T 8 IE BT 4R B AR 5 1 L ph A B I A B,
DEMF-YOLO1 In S5 # 8 S5 i AR 1) 3= 308 H br kil
TERLEAR A 408 N AT S50 0T L, £945 YOLOvSn,
YOLOv8n. YOLOv9t. YOLOv10n & YOLO11n, 5
sk BUNE 2 fios.
FK 2 KFHszIn g R

TR A4 R P (%) R (%) mAPsq (%) mAPs.o5 (%) ZHE (M)
YOLOv5n 83.7 742 81.9 56.3 2.5
YOLOvS8n 839 75 82.5 57.3 3.01
YOLOvOt 83.3 74.1 82.2 56.5 1.97
YOLOv10n 822 74 81.1 56.1 2.70
YOLOl1n 83.8 74.6 82.4 57.2 2.58
DEMF-YOLOvV8n 84.6 77.9 84.9 60.5 4
DEMF-YOLOl11n 854 77.5 85.2 61.3 3.11

Wt 2 AT LI L, 3 HEUERT B mAPso #97E
81.1%-82.5% 2 [fl. H i, YOLOYO 4 sy />, {1
mAPs, &7 YOLOLIn. Y‘@?Oymn%%kF%ﬂE;%L
HIRIA A, {Rﬂ%{%’i 81.1% [¥] mAPs,. YOLOvSn 5
YOLOv8n {F 7K T H b I 40 5 it i1 W 2%, JL
RORATS A ek i 23 (). Horr, B4R YOLOv8n AHE T
YOLO11n 3 mAPs, fi5 0.1%, 2R 10 H S50 H 3N

14T

21T

¥ 34T

447

7 0.43M; YOLOv5n 1)z # & B4tk YOLO11n 2>
0.03M, 1HI mAPsy AR T 0.5%. 5 ), 6 FkS B o
] YOLOV8n Al YOLOI1n E A THER, 5 F /K F
(52 A B BT R AT B 00 1 s, {6 RFD R RAERBL
C3Kk2-PKI FFEFE BB K ECGAFusion FFIE fill & AR b
X Hdk AT BB i, 493 DEMF-YOLOvS8n Al DEMF-
YOLO11n ##!, Ht DEMF-YOLOvSn f] mAPs, ik
5| 84.9%, ¥ EHIEF] 4M; 1 DEMF-YOLO! 1n [
mAPs, %% 85.2%, L T DEMF-YOLOv8n, H &
CH 3.1M, #ET D MF—YlOl(‘)‘t?n"/'\ 0.89M. [A]tt,
DEME-YOLO! I 7 15 0700 2 50 95/ e i
xS P B AR R, 45 A 22K R H

SRR % 7 5K

4.6 SLWATILLEER D

NHEM E7R DEMF-YOLO1 1n X} & 4% 7k F¥F8E T
B0t M S A R, 3R B AR R M T K A S B
B5 YOLO1n #A75Fbh. 7R 11 o, B —4T7 A —Fp AR
R RN E R, 55170585 B YOLOl1n
KriZh 5. DEMF-YOLO11n K4 58, 76 &
DX AL FH 5 Sk 5 7 S AR

BT KE H bt AL gs R
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i EN RSN

#0547

%617

ENEn

HE 1AL, 5 1179, 08 5@8h5 5
B RAPREUEARIT, X5 BEAK, YOLO11n & AEJRAS I
% I HAG A BB AR KO IEIE. 48 2 7R, DBl 3
5755, R AT B4R I, YOLOI In
KRR, B350, BEEASHRE, SO
SNGFEAY &, Ik YOLO! In KA. %65 4 17
TR 5 R A LG BE R, (DB A7 7 TR
SRS IR DL L TR LA 53, 571556 51
TRk, YOLO1In KRR, 4 5 70, a5
D a2k B % RIS, 60 R K, (5 4 1
¢ﬁ%ﬁuﬁ%2?@%ﬁﬁﬂ¢@ﬁ@ﬁgMgu5
R AT A 22 R AR A SR 0 e, PR T R .
596 17, 41 A, Htn 2 T 55 2 5
ok, BEI YOLOWInWR Ak, 28 7 47776 24/
AR BT, Hi% 5T RS S, R a s
W B SR, S8 YOLO In KSR DE 5@ 8
R, P PR A LA . AT 25 T4 08, %
JOPBERFAE @A S b SR R R 1% e, DEMF-
YOLO1 In REAEAERA R A H X £ & J 355 F 3 H b
KM BER A DL 1 b, LA B 4R35

5 SR
NTSHL R E . KRR, B AR R EE K

R

R [ERlEEES ailEe
Y B KR R AT ()

G R TIK T AR, $H T —Fh Ik T 4uy
I A 22 ]OBERRAE Al A 17K R H AR AL 7 DEMEF-
YOLO11n. &%, i fl RFD I RAERHe 236 338 T %
FEXT/IN B AR SAR 53 5 26 UG T R BRI 2. Lk, &5
&% N RE R BB E PKIModule 5 FF S0 & /)
CAA Xf YOLO11n &= W45 RRESE U B C3k2
UL, AR RS R B B AR
R PR F2 M T ) EEM HE7 10 41
38, 37 5 U0 P T-CGAFusion $E Rk A BLHEHEFT
&, AR THE ARG A K AIRE J1. 78 RUOD i
P4 b 1R S50 PE A 48 br S AT AL 45 B3R B, DEMF-
YOLO11n 88 BT X 7K T E AR ET H A5 Bl
fe 1, HXSHERmE/N, SR IS AESBE —
ERFEX.

S Ak

15k, BEAR S, ZEMS B, 25 ST i RT-DETR (7K F H
FRAE . AL R G0N, 2024, 33(12): 131-140. [doi: 10.
15888/j.cnki.csa.009684]

2 A, R, 5k, 25, 2T GA-RetinaNet 17K T H iz
K. TSR GEN FH, 2023, 32(6): 80-90. [doi: 10.15888/
j.cnki.csa.009134]

3 XIFE, R BRI /NER 3K R BB R 2% 1t
BHLRGN T, 2024, 33(9): 201-207. [doi: 10.15888/j.cnki.
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