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Small Object Detection in Long-range Complex Scenes Based on YOLO11
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Abstract: Small object detection in remote and complex scenes faces persistent challenges, including low detection
accuracy and poor robustness, due to the objects’ small.size, irréguiar shape, weak texture, and high susceptibility to
background interference. To address these issues, this study proposes an enhanced detection algorithm named remote-
enhanced fusion YOLO (ReF-YOLO),'which Vsrystematically optimizes the YOLO11 framework from three aspects:
feature extraction, feature fusion, and detection head design. Specifically, a module called C3k2DCASC is introduced,
integrating channel attention and spatial modeling, to enhance the backbone network’s representational capacity for
irregular objects. The L-Fuse structure, combined with the same-scale features from the backbone and the efficient
downsampling module SCDown, is introduced to improve semantic-detail alignment. Additionally, a high-resolution P2
detection branch is added to strengthen the perception and localization capacities of the algorithm for detecting extremely
small objects. Experiments on a representative small object detection dataset VisDrone2019, demonstrate that the
proposed method improves mAP@0.5 by 4.9% over YOLO11n, along with enhanced accuracy and stability across

various small object detection tasks. These results validate the utility and generalization capability of ReF-YOLO in
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RN 2 FUR FE T 43 B9 A AR HR DA 1 A= 46 ),
TG REIE R 4R AR S B AR Re ), R
Vk
Fy = Convgy k=3 s=2(Convix1(F)) (11)
V2G5 E R AR REAE 23 1% 28 1) ] B fe R FE R B
TWIERIARE T, R RLLE G FEAL A T X/ B AR i 5t
(1 ER B AR
Nt — B KGAIE L-Fuse 45K 7E 2% M 18 UK 2 il 3t
77 TH #9424, ASCAE VisDrone2019 Hdfs 4tk B T
SRS Ry BE LR S R, AT Rl KRR R R (1 4 7
Bt L 2 #, Wi 6 i, B 6(a) AR GE K, B 6(b)
A YOLOI1 In JEARE5H T HIRFAEM B, B 6(c) NGIAN

L-Fuse 514 J AW 45 SR 1 v 21 3 44 X AR R RFAE I

TR, BN R RGBOGTE Z X 8. MK 6(b) T LA
MR, FEH T h 2 AR, el . B

(a) SRR

(b) YOLO 1L mf )3

B R F N, B YOLO L Tn MU Fey i 2 38 P A
1, #DOHD LA, St {5 B 15 PR 2 VR
N SR B TR AN A L 6
5 3] BT LR, 75 % R E R A B —
S, 2 5 HOK I S LA 08, B EE 2 F
P 6(c) o 2 AT I DS BT T 4 P T S 30
SR, A FERDCS 4 HE L A,
ik 2 A AERIA T . ST A
Fer. SR, — I L-Fuse il T ¥ 2 143
N A 0, T 31 527
i A S RS S 17 3 75 2 A 5, e T
S PR B RBORE S 57T, L-Fuse i
ST 51 8 B BUR R 7R OB B 0 TR 17 3
A, SRR T WA B T A HO S SR 3 55
R L A 5 0 M R ) 9,

(c) 51 NL-Fuse /& FHREE T B

K6 L-Fuse £ 51 ARG BRI R A4 B EE

MR M FEE, L-Fuse )51 N3-FH T BIRL X
G G IRE 2R AR AN F RS IR RS BE T, A
11 28 8 52 2% 37 57 R S L T B 5 R )R AR R AR JE i
o Sk I 7 SCHR AL 1 AR E (A SR

FESE M 44 1, L-Fuse LT 81— kL |

BLHIAE 4 R VS IR AIE R 5 B 1%, SCDown R
muu%%%&ﬁﬁﬁﬁ?%ﬁﬁﬁ%ﬁ, — A R
17 ReF-YOLO fEiz #F & &5t ot i 55 H br iR 1)
RIS 7, ORI SRt T Fa s v A i .
3.3 KMk : SINETHE P2 X

For I S A e 2 H b U AE 28 v 58 432K 5 s 6 Tl
M HI R B4y, FoB 2 07 5 0y 9 238 W T h B2 s e A Y
XFAN R R H AR ARSI GE /7. YOLO11 Ji 45 25 7R H
3 Z¥n (P3-P5) HT 2 R B Antaill, 48 s -t iE
R n/h Bbr, CHZ A AN S8 55 1)
/N E AR, FAE T KA 5 1w 2R B R AR A S 12
MG, BENE BN IR, X DL AR 5 i B 55 6 v

S
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Bt L3 1, A SCTE AR YOLO 1L S5 Kl
FIRISERE 1, 31\ B4 WE 210 P2 RISk 4 52, FIF
S SRR B N BRI T i . %9 SO bR A
B P3 ESRAFRHAES 1T Bk R 1 P2 RHEEAT
L-Fuse il &35, BAT K H25 0 4B (160%160),
A A A T MR R AR B . SR A L %
TR 1) 56 B

TE RISk 1) SRR 4 52 o, B0 3 3a  £5416 J2
Y5 7 2 SRR BIHOVE SURHE, 58 L-Fuse
G F R T 2 1 43 % 50 B 0 T I 2 . % 4 LB
5 2 AR AT AR A S 2 N AR R
LN ST B PRt BRI A 1 0 R, A
B3 T AL/ R ST BAR (W0 16 4835 LU BLAR) 152
i 50 B

(EAHE R0, P2 KSR 3 N FE— 52 R 1
BT AT [ B A R ELE /N B RR B R 1
AP 28 ) AR T VR4, S5 SERAIE I, P2 4 S0
NORTE T BEIE R AT . NRSE E AR R i LR
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5 mAP RKI, NIZH R KA T KN B AR AL 5512
NS SES

DRI, BT AR P2 73 SRS T B A AR 1) 2 T K3
B, {43 ReF-YOLO 73 B 12 1 52 2% A 53 v 6 58
SR /N F ARSI 8 A

4 SIS g R 550 HT
4.1 HiEE

AT VPl ReF-YOLO J5 AR FE R 237 5t o X
AN RO H ARSI 1A R, A SCE T B A ARER T
VisDrone2019 5 TinyPerson #5/™/N H b #k £ J@ s
B %5F EE 3 T

VisDrone2019% 232 & T T AHLAL 5 A AT
F BRI 2 —, HRERS K] AISKYEYE /4]
PAKA I A TR AR, s T 2 Fh 5 9837 5t S Ef A K
5. MR IEUGR T 64719k AR 548 H ik I
51610 kIR, BEAT N BIFE. TR A
NAZTEEE 10 25 I E Ar. U HA 5 A B S B
b7, Yo BindiE s £ H RERKR, /b T
32 BB H bR o5 P s, Az R s H b S S
7 BA BRI £

TinyPerson" ¥ #E 4 & — & T 16 X/ A B
FRATIIAT 55 o BB 4. Z AR IE B 24 H 5k
WYY 5, W5 2 PR 1A AR 1, KR E
PR RZART 20 8%, B&WEmHEEL B FHIE
PUME. B4 St A 8122 sk B, IF R AthrHE(L
FI I 255 I K143 . TinyPerson #5772 F T 1Al A Al

FERE/NRSE BAR G BRSO F AR S5 A8 0 2% 18 T BOARL. |

M ge

RPN S ot TR e B i 4 o
MLA 5 128 B M 4 3 Bt S R S S, RE 8 ST
J It ReF-YOLO AR (8] /N H ARK BRI F ) e 55
LA
42 ZEIKESIFNIERR

ARSI T SE 5 TR 3T YOLO1 In HEZR 45—
BT, KA =B ZSHECE, DURAIEN 4T 5
X PEAL B2 AT bR BAR SIS IE 4T M550 Ubuntu
22.04.5 R4, fdi Fl NVIDIA RTX 2080 Ti &1, J-KFG
PyTorch 2.0.1 5 CUDA 11.7 SZBU RISk, VW 1.

TEASALN 2RI B, WIUG 2 ST R E N 0.01, Hibkb
KA 8, s FLi%4R 400 4 epoch. T4 UG 45— 4

ANH 640x640 [RSE, HRH YOLO11 BRAmI 51
o5 TR S A T FRAL L
K1 LBERIATRE

ZH LRI
CPU Intel Xeon Silver 4110
GPU RTX 2080 Ti (62 GB)
BIERSR Ubuntu 20.04
Python 3.8
PyTorch 2.0.1
CUDA 11.7

MRS BR 145 mAP@O.5Y. HIFIZE (Recall),
&G (Precision). 24 & (Params) 5 GFLOPs iX 5
1. mAP@O.5 g B ToU BRIy 0.5 I FOSF- 105 BE, S e
BT bRl AT 55 T 0 B AR W R 2 ; mAP@0.5:0.95
RS R TR BT, A% ST R 5 B )
ErRE7T. Recall Fon BN IEFEA IS H B8 77, Precision
i AR AR AR BRI A U7 T, SE0E T RN B 1
1A% K /N, GFLOPs 16 558 80 45 V¢ il [ 4 B f) 34 4%
£, AT 7052 B 0 2 A VP A 20 1 S o o FH 12
4.3 HRZBSHH

NVEA ReF-YOLO £ 45 tREER G/ B ARl 1 fit
[, A SCHET VisDrone2019 R4 ¥t 7 R4 1)
THALSEES, X 4 SO F (C3k2DCASC EF4514 .
L-Fuse @l &85, SCDown T REENLEH|IFI P2 & M
%) FEAR A G F IR R T BT, 45 Rk 2
FR. .

BL YOLO! I MZERE A H mAP@0.5 Hy 27.4%.
S2e A B E] A C3K2DCASC B, mAP@O.5 127}
% 28,4%, (L5410 0.04M ZCR1 0.4 GFLOPs, oiff %4t
HeE (R RCR I RIS L4 B (030 g 1. 5506 B
545256 C /35151 N L-Fuse 5 BiFPN {E A2 REaL &
P, mAP@O0.5 3 Hlik 3] 28.7% 1 28.8%, — # EH
B EAHIE, {H BiFPN A5 AN A A M A2, Bl = ZH0RLRE
5 R EE R GE ). S8 D HUME e SCDown
TORFFEELS, mAP@0.5 TR 27.1% (K254 0.3
AN ). BB RTE T8 = # ) #MERT, SCDown —
K stride=2 MRS S B R RIRBLH SNEEE, T
/N H AR A . Rk SCDown B iE &5
L-Fuse B P2 43 S S5 400L I 15 AL A2 0 4518, 171
E[7 WA (E

HE—2PHh, S50 H AISEES 1 20 X EE T L-Fuse 5
BiFPN 77 52 BB & T IO RUR, 45 B 5K L-Fuse 41
A (H) ;& mAP@0.5 #2715 32.3%, B& 5T BiFPN 41

Software TechniquesAlgorithm #fF4 AR 5%: 159

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn

it E RGN

http://www.c-s-a.org.cn

2026 4F #5354 5511

& (1) 9 32.1%, B3E T L-Fuse 7£15 U0 % SRl & &
P BRI, BRI A &8 13.9 GFLOPs, {H
L-Fuse 33 5 {7375 1 = 6 25 F40 RN AT 2 23 B L 1) s R

kR R, R EALHIPERERR L, i T E A
W B RN B ARG BB S ROR B ok, KRB T 4 kit
AL .

# 2 VisDrone2019 Hdfi 42K 1 A~ [A] il HEug J5 (A I 45

Jiik C3k2DCASC L-Fuse BiFPN SCDown P2 mAP@0.5 (%) ZHE M) GFLOPs
YOLOI11n — — — — — 27.4 2.58 6.3
A N — — — — 28.4 2.62 6.7
B — v — — — 28.7 3.11 7.8
C — — v — — 28.8 3.11 7.8
D — — — v — 27.1 2,42, 6.2
E — — — — N 282 266 102
F — V — 3 — 28.1 > I 7.4
G N v — v — 129.0 271 7.8
H v v — v v oL 8 323 2.83 13.9
I N — R v LY 32.1 2.83 13.9

HASERRZ, P2 0 XI5 (S5 By H 1) B
2855 GFLOPs #14) 1 fif (H1 6.3 GFLOPs ¥ % 13.9
GFLOPs), {HH 5 47+ T xh/h FbRI I fE ), £
mAP@0.5 I FELRIETT 4.9%. 5 RE B LRk & rhid
THE B ik H A 457 S BT, ReF-YOLO (1544
ZHCE P HITE 2.8M LA, 575 & 5 5 40K M AE B2 b
. R, 38 TE £5 40 2 TR N L& LR IE AL S
% R RGN AME M 4%, ReF-YOLO TEAR 5 &1 38 A 11
[ B SEEEIL T 56 2N B bR 0 e £ S R P T
4.4 LIS S
4.4.1 5 YOLOI1In BEATHEHHEERT L

k3B I8 AIE ReF-YOLO 7E/)y H bt IAE 55 1)
LRSI BE, A SCAE VisDrone2019 ke E 4t T
BIPRS00 E A IS 2 5 mAP@O.5 ahw, 455

N3 3 fix. AT LAE H, ReF-YOLO 7T 10 28591 |

FRISCEL TR EERR T, JLHAE /N RN BAR AT A
T4 =% BEFSEI B EE.

3 VisDroneg2019 Hdi 4 & A0t 45 R (%)

5] YOLOI11n Ours
W% mAP@O0.5  FEHIE  mAP@O.5

TN 41.7 23.0 45.6 31.1
A 43.9 12.7 47.1 19.8
HATE 22.8 6.89 30.4 10.6
RE 60.6 67.1 64.0 73.0
Ui 31.8 31.2 37.9 36.6
K& 37.7 30.0 38.2 33.0
=i%E 232 12.6 26.4 17.1
JEPH = F 4 342 14.7 39.9 17.4
AR E 61.5 51.6 64.6 53.0
PEFESE 37.4 247 40.1 312
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Horp, 7547 N385 E, ReF-YOLO ) mAP@0.5
M 23.0% $EFFZE 31.1%, $2T7H T 8.1%, K50 EH M
41.7% $-T & 45.6%; “ N KK Hbr mAP@O.5 &7+
T 7.1%; “HAT 42 B % mAP@O0.5 M 6.9% #27+ &
14.8%, $EFHIEFE R K, 15 7.9%. BLAak, “HERH =3 5
“EEFLZE KWt ReF-YOLO $2FF 35T 6%, i3 W ik
B RO 5 T AU /N RS B bR B R R

HEE SRS HbR iR 2 MR 28] |, ReF-
YOLO i fFF T 45 JE AR Y AR T 5L 2 5 AR 046 2, 43 03
1% 73.0% A1 61.0%, & W] ReF-YOLOWEHR T/ H bxtk
FIE P ) S A 2 35 19 555 oK 4 00 AR, AL it
RO MU Rt Sl .
4.4.2 VisDrone2019 %ﬁ‘ b siz56;

T BT ReF-YOLO £ AN 5 T
X/ B ARSI A 20k, A SR HL VisDrone2019 i
8, W BT )y i 5 2 Bl 2 A EAT It B LE. o Ll 4
R 4 s, Hoh Dok EaE AR 12000 T M s AR
MFEFF.

£ VisDrone2019 MAEE b b s i 25 IR,
ReF-YOLO £ mAP@0.5 4845 F3Rk45 1 32.3% Al
¥R, BT YOLOI12n (25.8%)« YOLO11n (27.4%)+
YOLOV10n (26.8%). YOLOVSn (26.7%) F1 Faster
R-CNN (21.7%) 257775, R H 50 i 10 8 A A I 12 .
B AR5 |, ReF-YOLO 7EA (19.8%)~ 1T A\ (31.1%)
AT 7 (10.6%) FIEEFCE (31.2%) 25 MR/ H bR B
U5 B¢ AP50, 5 YOLO1 In AHEE 2> IR TH 7.1%.
8.1%- 3.7% F1 6.5%, H M T HArSF/AN S ™
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i H AR SN A

Y. FIN, AR R TR OB =R 4 M=
e Z47J0) L, ReF-YOLO JRORHF 456, R W H X AR
W25 K H AR R o S SR e . BIMEAE p 4 H AR

VR ZE RN TR ReF-YOLO 15 HUAS i ke il
KSR, BB T HERE S &5 FSEt S
HRE.

F 4 ZFEIELE VisDrone2019 HHE AL BT 15 H) APS0 K mAP@0.5 % H 455 (%)
. AP50
i A A AR AR KE KR kA EW=RE  AAE s Te
YOLOv5n 218 117 6.48 66.7 308  31.1 11.6 14.0 50.6 222 26.7
YOLOv8n 228 119 6.61 663 310 299 12.0 13.6 49.9 229 26.7
YOLOv10n 233 132 6.77 66.1 299 288 124 13.7 50.0 235 26.8
YOLOI11n 230 127 6.89 67.1 312 300 12.6 14.7 51.6 247 274
YOLOvI2n 215 112 5.57 654 289 305 11.8 12.6 478 . \ 3@.7 25.8
Faster R-CNNBY 214 156 6.7 51.7 295  19.0 13.1 7.7 314 =207 21.7
RetinaNet" 13.0 7.9 1.4 455 19.9 11.5 6.3 L) 17.8° 11.8 13.9
ReF-YOLO 3.1 198 10.6 73.0 366  33.0 171 \;‘Xg 530 31.2 323
\ -
443 JEMAMEXTH L TR B .

.

NYGAIE ReF-YOLO FE R 7E AN [AI 4G MIAT 46 I3 v
AE )5 A, ARG — PR %unéﬁ%ﬂﬁﬁ%ﬁfﬁ
EE’JiZJaTH%Eﬁ/dHéW, 35 YOLO1 In 345 4T
BLHent b, Sa6 25 B 5 FiR.

5 AR HsEig

R KRG (%) B (%) mAP@0.5 (%) S5 (M) GFLOPs
YOLOlIn 385 243 21.5 2.58 6.3
Ours 39.2 293 25.3 2.83 13.9

MF 5 o AT L, ReF-YOLO 7E A 5 57 2 (1)
SR AT AT i B R O R, AR mAP@0.5 ik F
25.3%, AHEL YOLO11n #27F 3.8%. HublaImf, A [al =
M 24.3% FETFE 29.3%, Ui BIRERIEE B AR B B

»

45 FAIMLKERE S

T i##— 2 1RE ReF-YOLO 78 & 243055 it /R
£ B AR RN RE /), A SCE BT VisDrone2019 #1 Tiny-
Person ##5 4 o BA AR B BHEFEAS, FIFH #407 &
FARBAT 7 TR AT, MR R R T 7 RIS
Hh, ZTHE PN R 22 S B AR AR DX 3k

7E VisDrone2019 375t 1, ReF-YOLO g% 5 #E
o ALz AL TE B B AT N BAT SN H bR, 7R
A T X L H bR TS 55 A ST R
REA RS, 1 ReF-YOLO 75 X o7 X 455 (1) i [, 5 5, F4¢
3 35 38, B0 T B DCASC BHTE RS

REUCTH R« F
15

>

(a,ﬁﬁu@
, Bl 7

(a) SR El

(b) ReF-YOLO%: %

VisDrone2019 $4f A 414k #4 / 1&

(b) ReF-YOLO%:

(¢) YOLO11n%5

() YOLO11n%5

B8 TinyPerson Fd v AL # )y
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7t TinyPerson FUH SEH MRS FN 3 A0 A % (1) /I H b
e (HFRRNFZ /0T 20 %), RETT AL S R
B ReF-YOLO REWETE 2N 52 2% X 3 A ¢ 00 G it H
P DX 3, R S 2 T 100 R e B 5 I RS A B R L R
UFI DR RE 71, #IX 5 BLSE H bR 430 i BEW) &, AT
R R A s 5/ HbR B S 0L T &kt 51
SEPE.

Bk, @It 5 YOLOT In ffR] R Ak 45 SRxet L m] i 8%
F, ReF-YOLO F¥IHRFAE e S 70 6] 56 I 58 £ 1 H bR A4k,
T 5 XM &) W &, P80 L-Fuse A1 P2 K 43 57 48 58
TR AR il S IR A L SR X
— 5 WAL JZ T AR UE T BT 3 Hh 25 M 7E 52 TN H Fn s il
ARV A R 5 b B

5 SRy >

ARSI B 2 e/ FRA7 2 A RS
ANy LT BORES . SRR R, f2
T—MET YOLOT1 Byt il 5592 ReF-YOLO. %
R T e Y00 SN WA 0 A N
SCHRIX 3 7T R AR AL, B S 5\ -5l i
P [ AE R BB C3k2DCASC, #27F M 48 hf AEH
/N B R B 0 B A 2 R ROBE A5 R L-
Fuse £5#4 5 &30 T R FE R I SCDown, ZEfiR1E LI 2
5 U R ) L, RN S o % 4 R P2 4y
3, A BTN BB 8 5 s RLRE . SLRRTE
VisDrone2019 5 TinyPerson -~ 4L /)N B b £ 4
£ FHEAT, 45 B 5% ReF-YOLO BIUA ¥ i /7 1L B
BEVERERTE, JUHAEN . AT NS R 5 R
) mAP@O.5 $RFHHEE 7 AT 44, BE 1 PR ALE
S SR ISCRI T S bR, ’

Foe AR IBA T JUA I3 — 25 i J: — 25
NI RV B IS 2 S E B (g sh. I
FE %), BLIGR /N F AR TE MR % 5 F I RIERE /1; —
Gy W B TN R T R 2 3 SR, B TR A 7E A
FRVE SR U BOR F E N R ) S RIERET A
e T 55 25 1 5] 5 T SR, R — B B
A B S5, AT 2230 ReF-YOLO 5K Ml-JR g5 — 1k
LR 552 DAY 2 SR 376 B s 4% 25 32 0 (1) o 7 7 K.
ABFTE IR 2/ B AR AR S AR 0E T — A e 0RS s 5
ORI AT BR A%, S5 S/ BARS IR B R A T
HEBF

162 A4 ARH % Software TechniquesAlgorithm

SE 30

1 RGBT, B TERK, VRS, A5/ B FRRLI T T BE . Hodfs
SRAE S AT, 2021, 36(3): 391-417.

2 Shi TJ, Gong JN, Hu JM, et al. Feature-enhanced CenterNet
for small object detection in remote sensing images. Remote
Sensing, 2022, 14(21): 5488. [doi: 10.3390/rs14215488]

3 Liu J, Yang SJ, Tian L, et al. Multi-component fusion
network for small object detection in remote sensing images.
IEEE Access, 2019, 7: 128339-128352. [doi: 10.1109/
ACCESS.2019.2939488] '

4 Zhong H, Li F, Kuang P, et al. 'Smétll object detection
algorithm based on ‘context information and attention
mechanism. Proceedings. of the 19th International Computer
Conference é)n Wavelet Active Media Technology and
In\formation Processing. Chengdu: IEEE, 2022. 1-6.

5 Sun Y, Liu WK, Gao YT, et al. A dense feature pyramid
network for remote sensing object detection. Applied
Sciences, 2022, 12(10): 4997. [doi: 10.3390/app12104997]

6 Ren SQ, He KM, Girshick R, et al. Faster R-CNN: Towards
real-time object detection with region proposal networks.
IEEE Transactions on Pattern Analysis and Machine
Intelligence, 2017, 39(6): 1137-1149. [doi: 10.1109/TPAMI.
2016.2577031]

7 Cai ZW, Vasconcelos N. Cascade R-CNN: High quality
object detection and instance segmentation. IEEE
Transactions on Pattern Analysis and Machine Intelligence,
2021,43(5): 1483-1498.[doi: 10.1109/TPAMI.2019.2956516]

8 Liu W, Anguelov D, Erhan Dj et ‘alf' SSD: Single shot
multibox detector. Proceedings. of " the 14th European
Conference pn",AComputer Vision. Amsterdam: Springer,
2016.21937."

9 Re\dmon J, Divvala S, Girshick R, et al. You only look once:
Uniﬁed, real-time object detection. Proceedings of the 2016
IEEE Conference on Computer Vision and Pattern
Recognition. Las Vegas: IEEE, 2016. 779-788.

10 Khanam R, Hussain M. YOLOv11: An overview of the key
architectural enhancements. arXiv:2410.17725, 2024.

11 Wang A, Chen H, Liu LH, ef al. YOLOvV10: Real-time end-
to-end object detection. Proceedings of the 38th International
Conference on Neural Information Processing Systems.
Vancouver: ACM, 2024. 3429.

12 Lin TY, Dollar P, Girshick R, ef al. Feature pyramid
networks for object detection. Proceedings of the 2017 IEEE
Conference on Computer Vision and Pattern Recognition
(CVPR). Honolulu: IEEE, 2017. 936-944.

13 Liu S, Qi L, Qin HF, et al. Path aggregation network for
instance segmentation. Proceedings of the 2018 IEEE/CVF
Conference on Computer Vision and Pattern Recognition.

© TEREBIK R

http:/fwww.c-s-a.org.cn


https://doi.org/10.3390/rs14215488
https://doi.org/10.1109/ACCESS.2019.2939488
https://doi.org/10.1109/ACCESS.2019.2939488
https://doi.org/10.3390/app12104997
https://doi.org/10.1109/TPAMI.2016.2577031
https://doi.org/10.1109/TPAMI.2016.2577031
https://doi.org/10.1109/TPAMI.2019.2956516
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn

2026 4F #5354 511

http://www.c-s-a.org.cn

i H AR SN A

14

15

16

17

18

19

20

21

22

23

24

25

26

Salt Lake City: IEEE, 2018. 8759-8768.

Chen Q, Wang YM, Yang T, et al. You only look one-level
feature. Proceedings of the 2021 IEEE/CVF Conference on
Computer Vision and Pattern Recognition. Nashville: IEEE,
2021. 13034-13043.

RN, R, B, S BT 20 3O NG R 2 RE
FARA I SR03. T SEHLA Bh Bt 5 B 22 224k, 2021, 33
(6): 864-872.

Hu J, Shen L, Sun G. Squeeze-and-excitation networks.
Proceedings of the 2018 IEEE/CVF Conference on Computer
Vision and Pattern Recognition. Salt Lake City: IEEE, 2018.
7132-7141.

Woo S, Park J, Lee JY, et al. CBAM: Convolutional block
attention module. of the
Conference on Computer Vision. Munich: IEEE, 2018. 3—19.
Yang LX, Zhang RY, Li LD, et al. SimAM: A simple;

parameter-free attention module for convolutional neural

Proceedings 15th  European

networks. Proceedings of the 38th International Conference
on Machine Learning. PMLR, 2021. 11863-11874.

Sun J, Gao HW, Wang )‘(N, et al. Scale enhancement
pyramid network for small object detection from UAV
images. Entropy,2022,24(11):1699.[doi: 10.3390/¢24111699]
SRk, JE TR A B F R SR T A
545 &, 2023, 12(3): 3224-3237.

Yamanaka J, Kuwashima S, Kurita T. Fast and accurate
image super resolution by deep CNN with skip connection
and network of the 24th
International Conference on Neural Information Processing.
Guangzhou: Springer, 2017. 217-225.

Jin Y, Zhang Y, Cen YG, et al. Pedestrian detection with
super-resolution reconstruction for low-quality
Pattern Recognition, 2021, 115: 107846.

in network. Proceedings

image.

Redmon J, Farhadi A. YOLO9000: Better, faster, stronger.. |

Proceedings of the 2017 IEEE Conference on Computer
Vision and Pattern Recognition. Honolulu: IEEE, 2017.
6517-6525. R "

Redmon J, Farhadi A. " YOLOvV3: An incremental
improvement. arXiv:1804.02767, 2018.

Bochkovskiy A, Wang CY, Liao HYM. YOLOv4: Optimal
speed and accuracy of object detection. arXiv:2004.10934,
2020.

Jocher G, Chaurasia A, Stoken A, et al. ultralytics/yolov5:

27

28

29

30

31

32

33

34

35

v6.2-YOLOVS  classification
reproducibility,  ClearML
https://ui.adsabs.harvard.edu/abs/2022zndo...7002879]/abstr-
act. (2022-08-17).

Li CY, Li LL, Jiang HL, et al. YOLOvV6: A single-stage
object detection framework for industrial applications.
arXiv:2209.02976, 2022.

Wang CY, Bochkovskiy A, Liao HYM. YOLOvV7: Trainable
bag-of-freebies sets new state-of-the-art for real-time object
detectors. Proceedings of the 2023 IEEE/CVF Conference on
Computer Vision and Pattern Recognitioﬂ. Vancouver: IEEE,
2023. 7464-7475. y

Kukartsev VV,! Ageev..RA, Borodulin AS, et al. Deep

learning for object detection in images development and

models, Ml,

integrations.

Apple
and Deci.ai

evaluation of the YOLOVS model using ultralytics and
roboflow libraries. Proceedings of the 13th Computer
Science Online Conference. Cham: Springer, 2024. 629-637.
Wang CY, Yeh IH, Liao HYM. YOLOV9: Learning what
you want to learn using programmable gradient information.
Proceedings of the 18th European Conference on Computer
Vision. Milan: Springer, 2025. 1-21.

Tian YJ, Ye QX, Doermann DS. YOLOv12: Attention-
centric real-time object detectors. arXiv:2502.12524, 2025.
Du DW, Zhu PF, Wen LY, et al. VisDrone-DET2019: The
vision meets drone object detection in image challenge
results. Proceedings of the 2019 IEEE/CVF International
Conference on Computer Vision Workshop (ICCVW).
Seoul, 2019. 213-226. \ B

Yu XH, Gong YQ, Jiang N, ef al, Scale match for tiny person
detection. Proceedings of the 2020 IEEE Winter Conference
on Applicationsv of Gomputer Vision. Snowmass: IEEE,
2020. 1246-1254.

Jiang HZ, Learned-Miller E. Face detection with the faster R-
CNN. Proceedings of the 12th IEEE
Conference on Automatic Face & Gesture Recognition.
Washington: IEEE, 2017. 650-657.

Lin TY, Goyal P, Girshick R, er al. Focal loss for dense
object detection. Proceedings of the 2017 IEEE International

International

Conference on Computer Vision. Venice: IEEE, 2017.
2999-3007.

(B e 5K HLEX)

Software TechniquesAlgorithm FXFFH AR 5% 163

© TEREBIK R

http://www.c-s-a.org.cn


https://doi.org/10.3390/e24111699
https://ui.adsabs.harvard.edu/abs/2022zndo�7002879J/abstract
https://ui.adsabs.harvard.edu/abs/2022zndo�7002879J/abstract
https://ui.adsabs.harvard.edu/abs/2022zndo�7002879J/abstract
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn

	1 引言
	2 相关工作
	2.1 小目标检测研究进展
	2.2 YOLO系列算法演进
	2.3 远距复杂场景下的小目标检测挑战

	3 ReF-YOLO算法设计与实现
	3.1 主干网络优化: C3k2DCASC
	3.2 颈部网络设计: L-Fuse与SCDown
	3.3 检测头优化: 引入高分辨率P2分支

	4 实验结果与分析
	4.1 数据集
	4.2 实验设置与评价指标
	4.3 消融实验与分析
	4.4 对比实验与分析
	4.4.1 与YOLO11n进行精确度对比
	4.4.2 VisDrone2019对比实验
	4.4.3 通用性对比实验

	4.5 可视化结果与分析

	5 结论与展望
	参考文献

