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Abstract

Traffic cone detection in complex driving scenarios faces challenges such as small target size, com-
plex background, and severe occlusion. Traditional detection methods have high computational re-
dundancy and poor environmental adaptability, which make it difficult to meet the real-time and
accuracy requirements of the auto drive system. This study proposes the SBA-YOLOv11 lightweight
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detection algorithm, which introduces three key innovations: 1) Pyramid Multi Scale Feature Ag-
gregation (MSFA) module to achieve efficient cross scale feature fusion; 2) The Spatial Bidirectional
Attention (CSBA) module utilizes self attention and cross attention mechanisms to enhance feature
expression; 3) GatedFDConv module combines channel separation strategy and gating mechanism
to optimize feature interaction. Build a high-quality traffic cone dataset containing 8000 images,
covering diverse scene conditions. The experimental results show that compared with the baseline
YOLOv11n, SBA-YOLOv11 has better accuracy, recall, and mAP@50. The aspects increased by 3.7%,
3.6%, and 7.4% respectively, reaching 89.9%, 88.8%, and 94.9%. Compared with the most advanced
methods, the overall average accuracy has improved by 2.3%~27.5%. The proposed method suc-
cessfully balances detection accuracy and computational efficiency, effectively solving the challenge
of traffic cone detection in complex driving scenarios and meeting the requirements of autonomous
driving applications.
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1. 518

FER REACEAUR, Sy E EAE R 2 e hnd, AR T B S B R 2 AT B AR
HE ., Chen ZF N[ T3k, WEFr B UGB, X TAARREE, WHTEA 821t
SERRTIR T, AERA 2 RUE H AR RFE SR BCE BB XHE, (HAEBRN TR, RCHEEHE
o Hu %5 A [2]38 3 O3k (1 0 45 22 A6 AR B8 4R (1) YOLOV8 (¥ C2f ik sfhpiE Rl &R 77, [ T
GhostNet PR RASRFAEA ALY, 385 fi] B 2 PR AR A SROTUARRRAE,  BARHR 2> AR A D B T 5 R
MZ K. Bai % A[3]fRE I Faster R-CNN & T/ %%, JHILVRZEMRIZ DRI H bR KR REOEFHE S
1o RV SURFIE, 84 1 ARG T IR MO B — T AR K R BRA%E, (ELRE A 1 RCNIN 22 JLAE “ s/ B bR
FAESRE” _EAFFERINR, SEMaRlE 2. Wang 45 A[414 % T RegNet 5+ k45 ] Faster R-CNN 221k,
I RFEERE P E B, RS TR SRR IR o E0 SR B FE I ) R AL, He
S5 N [S]3E R e A5 AL I Sk A TRT AL AR AIE <5 - B I 4 S5 M SR N i Sparse R-CNN, ZEFEARTH SRR IR0 T 7]
I SET 1 /N H ARG L, (ERS fAT i AR B/ B e g, (NS P H AR AL AN, S BUESE H bR
FEREBUR TP . Cai S5 [6]3d F i 2 U B 38 RE =2 R AR R & M 26 (MSAA-Module),  FH] 2 RUE%
PIEE RFER A (MSIAFF) SO C2F BEB, I 51N H 3 N2 6] R5AE A (ASFR) R A BEAS [A] ROBEARFAE
B, gk 7RSI 5N /N E A AR, EAE AR BN B B R eI R B B A B IR AE IR 7R
Ko LREM BRI AR B R S REL R RIPERE, (H BRSOl B R B SRR 55 41
HEREIAF L N IR . RN EZA P R —J7 i, 212008 R R B AR i is & H AR RF
N BRERZAR, BE. B, RERNEELZ @ 5T, BT &2 5% b Seal e
P2, eI 2 5 R A e B AT A M DA

2. Fk
FEARNH, N7 RA K REERE ML BAriig:, FATIEH 7 MSFA Bibkfl CSBA

DOI: 10.12677/airr.2026.151024 243 PNER ST IR YN


https://doi.org/10.12677/airr.2026.151024
http://creativecommons.org/licenses/by/4.0/

Ji v, TR

g, FATH) MSFA BEAL & — MESRAT R 270 SCE5 M, IR T MR RS (8], RN 45 & 2 R & il
SIRBEEFS I BOA RIS 4, O F 102 W5 BRI 90 2 RUZRIR . SN NI
FESIEI BRI 25 i R H A RO K2 B, DASEBL 4 ) 2 RUE RE

2.1. MSFA #&h

ASC T A AR Y (R AR S5 R AN 1) 1 BT R PR B T N 48 BT, MSFA (Multi-Scale Feature Aggregation)
BHCR o3 2 e 2R SR A SR, S R A A AR B B AR, el 2 ROERHIER SRR &
HHAFIH . SR, CREZEDY R N 0RH: WEV/NESZ TR R &, B2y KE
RIBSZ B )4 JR A5 B 3R RIS 7E % 23 30T p A e THRFIE LR B AL, B DR AN U 2 0 1) S B A Y e
S HRA&ME, HaEdRERNER, ORGP RHEA S R G R, R LRI alii
OO E R ) 2 RERAERE Sy, AH R 70 - A2 A % RS B R T E N B L HR AR B R £ Y 2%
(CNN)FLGERUNAT 55 H OB IE ST R0 AL AR, A DRI S i M 24 SROp 2 a SE i) E AR A 28 200 o o K A%
5 FEUR N S AS DU 28 1A A% Oo B RS AE T Iy v STy, HLOZ ) JE DX 2R A B (A 3 v 23 SR AR E ) I8 N
Rt e KRIEGFNH T 5 7 HE R BT 2 7= A AR S TSRS, TR FOE A AR H R AR 2, T HE
PRBE R B A A RN, KBRS ERAR T SR R, D SEm I S5 1P RE H~F AT SR L PT AT BR 12 . MFSA 15
Bt 5 2 R SR ME % T CSP S Wi T EAR7], DLA &M 4> I 5E J) 1) MSFA el
DA, 8IS 2 R AR, DA B0 22 RO AR FRVR FE Rl 5 = R I RE D

© =Concatenate operation == =Upsampled

‘ =Convolution+Batch normalization+SiLU == =Feature concatenation
PSA  |=PSA module =split module =Upsampling path

SBA =SBA module =MAM module

Head

Figure 1. Overall MFSA structure
B 1. iR MFSA 51

S5 FEAE WA BRZEARER & 55 . BHEEZ M RHER X:
X c RBXCXHXW (1)
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A By Cv He W BIFRRHLCR /N JEIER. R S AR S o X TSR A R AE R 5 5 — ki
TEE], 1A NRHE AT 3 x 3 BFERE, TRIUGERIFFE:
F =0 (W, * X +b ) e R¥CHY )
Hr, W 3x3 BHMNE, b AWMEN, o NBUERE, *RREBRERE. 1ZPRN B K20 E R
TEBAT WP ACER, a0 2 ROBE S A o5 o CERSSHR AR B8 — JORFAE 0 BK Fo Wil iE 4k 235 51 7 B
RS AE
FY, F® =split(F,dim =1) ©)

Bxgx H>xW

C
ﬁ;qj: Fl(l) eRBxExHxW , 1(2) GR 2
A E RS R TP 2 RN, T RO R BN B R B 5 5 R R
Jorreh RBERE SRS 45 VGBI A BIHY, 3 BY R 5 x5 B, RIS R HORRAT

iy

Bxng xW
2

F, = o (W, * groupF® +b, | e R )

Hr, ﬁj\éﬂiﬁlg=%, R AEAN 4 G TE 6 B — AN NS . A SR R B3 PR T SR E A
SORPE, RN ORRF TRHESR IR A e . SR, F F, AT ko
R, F? =split(F,,dim =1) (5)
o
B><9><H><W B><9><H><W
FeR ¢ FPeR « (6)

HEF 7 x T BRULRESIR G T MRS, (A MR AR L SUER, M RV R 7 x 7 %
i, PRI R :

¢ HxW

F, = O'(W3 * groupF"” + b3) eR”Y @
ﬁ¢ﬁﬁﬁg=%o
162 R R A M85y 15 =R ) R R LT S50 008
F... = Concat(F;, K%, F?,dim 1] ®)
ﬁ*ﬁﬁﬁﬁﬁ?%ﬁ:%+%+%=C,%%@%E%%ﬁ@ﬁﬁﬁﬁﬁA~ﬁ,%ﬁ%ézmﬁﬁl
x 1 BRGETRAL, FETRITR .
I:out = O-(WA * Fcat + b4 ) + X (9)

FINFRZ AT LA B T80 B I e ) A% 1 5 3B Re % OR B S AR IE P ) B (5 2., B ik 45 iR K.
i FIREAP B, MFSA BRHL) 56 B 1l m) AL R R ] AR IR
MSFA(X )= c;(w4 «Concat(F;, F”, F1<2>)+b4)+ X (10)

Hepe B R =split(a(W, + X +b)), FY R = Split(o(W2 * groupF” + bz)) ,
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F, = O'(W3 * groupF” + b3) .

N T PRI RHE SR IR 1 IR AT R, AR SCK MSFA BEH B R3] CSP (Cross Stage Partial)
ghfgrh, K CSP-MSFA R, iZAHE4k& 5 YOLOVLL [¥] C2f Z5ky it Bk . BAkRiE T

CSP-MSFA (X ) =Conv,, (Concat( X v [T MSFA, (X ))) (11)

o X 1 Xy 28 ST ) 3 B 45 0 1 43 S RS 43 ST 1 9 MSFA BB F 5 5 K
FEBRULIIERE |, 3 x 3 T LU TRAIRIEE FO R BEE, 5 x 5 3RS RS IEFAE, 7 x 7 /3RE A
VBB b RSO0 BRI AL, (A KT DA R et T, BRI A, S (R AR R
FIBI 2 S, A HCE R A TR R0, (8 T SCBURFORT . R 56,  FLIEZ SR S5 s
CH I WA A, HEBTR R s e S M AT Ve, AR AL 2 72 2 S0 0 2 o R
FAMEEOR S OB B IR0 0, (BT X BRETE, RS B K% 2 e — B

2.2. BiRpG At

s 2 fis, PSSR B B AR 2 flA %2 URRAE B 40715 BURME 5 2 ORI B ) =F 8
G RIXKHAR RIS 22 5 SRR AU m A e R 2 SC 2. A, AR SCHE Y CSBA-FPN 424, Jiid
I3 7 0 SR 5 U RFAE A B AL SR 48 FPN Jeet), FLEARGE M 2 . &2 d, B
OE(SBA 5 MAM)RIEEEVER . SBA Ry & 71 1 #HLH B &S T RHERL A ACE, St R
FERFAE (K i ROR G, B N AR B BRI GE 77, RS B AL I TSR MAM BEER U 5 £ 5 1 B
2 EUHEM IR R, B SRR R 0UR) 28 L, G R8RS B R K. R SR I MR
WA 5 TAENMUIEAT IR A

9
1 | =MSFA modules in ModuleList /I

i CMP module

! 512x512x128 = —) 128x128x512 — — kg n e 32x32x512
A % = Sam = Es
=] ConvBs cvip_ | convss | I Convbs —_cwr_ || coms | cve || seer || capsa
'/,/ %2 -
v : /

Figure 2. Module detail diagram
& 2. #RIRGET5E

2.2.1. CSBA &R
T R SR XN S AL 5 B & RN T . BEX 2 RS AR R A5 (8] 7 R 22 5, SR AR
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RA BRI, X2 SO 3 HE R AR s AP R A% 0 i8] 2 B, CSBA (Cross-Scale Bidi-
rectional Attention Module) &5 DAX ) 7455 = U ALH, 383 B 3E R E 23 P SE B S 1K 20 HE 2R AE 1R P R
PeAt, SRl A B AT 1AL S A T, 5RO (E B E AN 2 U (S RAFE R A R /0. Bk,
R A N N R E ] FH AR SRR I8 FL, JREN AT S0 e i RS R & . %
RSB AIT F R IR, B X PSR IE AT I@ B PR AR, 2045 4 SC (R ARG 15 43 SRR AE) 1) %
YgE KT RN

L' =fcl(F, ) e RY>H (12)

H'=fc2(F, ) e RY>Hw (13)
Forr fel Al fe2 73 oMK o AR 03 S B AE it bR B, i I B AR EE Wy (fed) 55our R NRFIEAE
¥ JFIRIAIE R CL (IR HF2) . CH (B M) G — B 2 dI2, ik JipU i ot B 2 e i o

=H_feature =Upsample toL_feature size =Upsample
n =L_feature
=Upsample toH_feature size

=H_Branch
=Cross attentionfor L_feature
=L_Branch

S-g H_f | =Sigmoidg H_feature =Cross attentiorefor H_feature
S-g I f | =Sigmoid g_L_feature =H_enhanced
=Complement gate =L_enhanced

Figure 3. Module detail diagram
[ 3. ERMTE

TESRE AN, O RERAE T XA T3 E R L], S A SRBE A A: ER0T 1A BORRLa)
IERE H. o TS S AR 3, KA ST 14815 5 T LU i R oA
g, ZG(H')ERd/ZXH“XWH (14)

Hrb o oy Sigmoid W EREL. B8 e WU R I HLED AR 20 92 2 Z IR AR AR AT 3, S8 1Y
FEAE BT AR R 9 -

L"=d, 1(L") e RY/ZH (15)

H”:dinZ(H’) (16)

Hepd, 22— MERZ, BERRNN 1x 1. NRERIGRALE SIS B a6 48, BRG] NIk
ERE N EER IR OCE, R A S RS ARG HAME R, B ORAS AL 1 3 1 5 B 1
Bt 2 FRUBERF AL (14 22 TR AN DG P ) AL, RREEROR P 5 36 I RUPE 0T 5 SRS 30 3 XU M 4 SRR Ak P
EMFE R, BERUERHE T R ESAE, SJRTHMS A IER R GE ). 2T Ll it XU L
R B A A 03 SR TR R A
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Ly =L"+L"0g, +(1-g,)0U(g, OH",(H_W,)) a7
Hoe =H"+H" 00, +(1-04)0U(g, OL",(HyW,)) (18)
A RHAIE SR B i A BRI B AR 23 ) o] AR R R
Hema = U (Heam (HL W) (19)
Output = ConVy,; ([ Hpinas Loyt ) (20)

2.2.2. MAMF #&1R

SRR L S S AE H AR AL 55 Hh il = KA bk — R FAMMIRE RN KRR, 2R T
AR R BT SOl B, =R R RE SRR . i, ASCAE C3k2 LB L,
FINTHE BRI G HUSCER, 21 MAMF BBk, iz RiE e s b B 5 [ L B R &, — 7 s
B IE AL B SR THTSEAR 53— 7 T I PSR e DU B 2% B SR 2 Jm B2 BT, A S IR 4
a5e 2 RS AL FRHL

MAMF BEH A0 I8 SRR AN T - 1 SG I R JH — A LA 2% 1) 5 e 3 4 B2 73l e 2 05 — 4k, BAk
R NREh A RE, RN ATE AL 22 8] 5 TE 25 FE A RFAE 0 A B S X RREREAT IBIE Y R, IR R R [
FHES RN =ANEAE, RO TE3RHE(gate) . fEAEAFE(identity, i) 5B FURHIE(cony, c); X B RURHIEZL1F,
K FDConv (BIUs(AEAR) AT A2, 78 70 ) PR () HL AR 0 (FRT) IR F SR A s e s TR I8 GELU
POl B G, 5 PR B RFE A S AVRAAEG, o) EATIB e S, PR I 1 e A Tk 2 2 IR AR 4
B, 1R A .

AR L OB T M AL R G R B A BRI M5 KB BRe s o K28, EiFHE
ZRPER T, T MAMF S S0 A B AT 7E AR R % BE (R SE L 4 R i e B A i o B4, i conv-
ratio Z BB H G NOHEIE AL B, REVERE AN A T SRR SRHIERIERE ) Z IR B P79 ORBERFAE A% 32 (14
SEEENE IR ACHERR BE S A48, BURAE 2N R IIR AR ZZE R, AL T AR AR Bk RIS, I
BT 2A TP R IR R ZE R A

3. SKERSHR
3.1. HiEsE

ASHITFE S A P B B SO AR Bl SR, BRSO R AR P A, I
YRS FBOR AR UIZRIN 5 R, I 32 R F SR IR0 IR SRV AR AR R o AR ST i 4 A2 1 X F A
HUAEA [FI ST AR5 T PR SR AR HEAR P, TP e A P T L et el 4 o RO AR AT i - Bt B3
15 8000 Z KHEMI I fr, WAL, IUEBEFIIZRERI L)y 2:1:7, BRI LS SGD FEALER B
TEEE, HARSEAENBOME.

3.2. SEEARTIFMTMNARME

SEGVERE . AT ) S84 B 35 BT 4 NVIDIA RTX 3090 GPU Al i9-12600 KF CPU [ 4 #E4T
AR E ¥ & Ubuntu #:4E &4t L) PyTorch 1.13.1 JREE 2= SIHESE . SN G OK /N 640 x 640, & 3EikAR
300 K. #LER/INH 16, VIS >1%0 0.01, HARMSEEE NBME . BT R #2E MK IFLE 4R,
BTSRRI . VEASTERR: 8 T VPRI U 70 h 3 tH IR R R R, BRI B R M R AT
TV SRS S ECRIA AR SRR . TEVEREDT T, CRADRETHEE . HIEIZE. mAP 50 Al mAP 1T
Proadbs . mAP Z45-F K%, T8I HUE loU BIEE Y 0.5 2 0.95 (125K 4 0.05 IH5HL T HH 5L Frfy
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ST YIRE 2 B (AP) T BB R T4, 5 mAP95 AHH
3.3. jHRhsCIE

T PEAl MSFA FiH, CSBA BB MAMF RS 145 2t AT 5078 B il 18R 4L it T 7 AN
RRSEEG . WHELSZIR M RNk 1 PRk, HEFMBEEN RN ES, RPRRELS, LR
HIHRE I Z 450 . S206 A B AT C R, =Rt vE e — e FE I IR m TR MR . i, MSFA
BB (S8 A)7 R R 238 5508 235, mAPS0 ML 2R 1) 91.0%F2 T+ 25 93.6%, mAP95 M 69.7%3& 7+ 2 72.7%,
JRE B H B R A B R MG R R . CSBA BB (5256 B)RI MAMF fRER(SEEG C)thar Rk T — & Tk fEHR
Fho B HEAFBE SR D Ev FAILUE 1, BIERAZIE FIEM, (HHFERBMS o). &%
(1) 5E BRI (Ours) Bl 1 PP = AN ekedb i, HIRZRAHLE, 7EREHARE. A%, mAP50 Fl mAP95 J5 i 7
WP T 3.7%. 3.6%. 3.9%A1 7.4%, EF| T 89.9%. 88.8%. 94.9%F1 77.1%KIML F Ik RE. EARKEA R~
M 5.2MB HInE] 10.1MB, {HVERER BT IE T iX PRl 1) & 2 . SEI0 S5 RR, ASCigm =
AN SR ERTE SR S/ B AR IR B PERE 7 TR A BB RO, B0E T SO TV A AR AT AT

Table 1. Results of ablation experiment
=1 HRIEER

Models MSFA CSBA MAMF P (%) R(%)  mAP50 (%) mMAP95 (%) Size (mb)
Baseline 86.2 85.2 91.0 69.7 5.2
A N 86.5 86.0 93.6 2.7 7.1
B N 86.6 86.5 92,5 69.8 7.5
C v 86.9 86.7 92.6 69.7 7.8
D N v 87.3 84.8 92.7 69.9 8.1
E v v 87.1 85.9 92.8 69.4 7.6
F J v 86.3 86.0 92.9 69.8 7.2
Ours N N N 89.9 88.8 94.9 77.1 10.1

3.4. XFECECLE

7t VisDrone #¥a4E LA TILE &ML AL, I0UE T MSFA-NET 72/ BARK I R PERE. %% 2 &
N T G MELEMERERE bR . SR PIEALFIZA L, MSFA-NET 7£ mAP fEtr R . BARSH
BN 27.TM MXECR, (BAEE 2350 N RIS BE B2 18, S8 2 SEPhrS 2K . 51E VisDrone %
PEEPEL R R 471 YOLOVSN [8]32 E AL, MSFA-NET ¥ AP M 14.4%$& 7+ % 17.7%, AP50
M 25.9%3EF+ 5 31.8%, £E/N H AR 5 T (APs) M 5.9%4 F+ 55 8.5%, J@ Bl B AR 34 . 45 BTk, MSFA-
NET 7E/NH s I 23 Al 5 TR IR 7 o 18] 3 o 1 AR S 80K /N 5 RS MG 22 1] R 0SB DG R o
5 YOLOv1in #itk, MSFA-NET iAZI T 17.7%/) AP, BRSEEMINE 27.7M, {H AP &7+ T 2.5%,
AP50 $2 7+ | 6.0%, APs #2Jt | 2.7%. S5 DEIM-D-Fine-N [O]AHLL, Pi#7E AP fEbr bR AHF
-, AHFRATITVELE APS0 J7 HIBS A 5%, 2/ BARKIN APs 75 I IAH 2 o 33X Ui W AR SCHT 2 Hh ) ik
TS AE DR FFEEARRT MRS FE (R RNy, ER AR5 T A RIFIVEEIE . FRATTH SE86 2 78 1 il i EE ik b
BT, AR B AR bR AHESE bR . BT AL B 7E [ 1) (0 28 S A AR B2 A I (29 8000 5K M) kAT
R, FAEM test2019 (6k Tk EMB)IHEATITAG. 25 EATR, PMA-YOLOV11 7E/)N H AR A4 #5258 UG A
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TR ST . % 2 BoR THREFEAFY S FHHERERIN, 5 YOLOv11n Mk, PMA-YOLOV1L 7E AP
fabr EHEF T 2.5%, Rl TE/NH bRl (APs) T A 1 2.7%, &5 HFR(APM)IEF T 4.9%, KHFR
(APDFETF T 5.1%. X3¢ HH A S RT3 H 10 503t SR M 0 25 b RURE (1) B Ao ) v 0 B 5838 (00 A A

Table 2. Comparative experimental results
F* 2. WLESLINEER

Models Input Shape GFlops Params AP AP50 APs APm API
DE'M'BiF'“e'N (640, 640) 7.123G 3.73M 0.177 0.322 0.090 0.262 0.376
YOLO8n (640, 640) 8.1G 3.0M 0.144 0.259 0.059 0.225 0.339
YOLO10n (640, 640) 6.5G 2.28M 0.142 0.261 0.063 0.224 0.292
YOLO10s (640, 640) 21.4G 7.22M 0.179 0.323 0.086 0.278 0.361
YOLO11n (640, 640) 6.3G 2.59M 0.142 0.258 0.058 0.225 0.316
YOLO11s (640, 640) 21.3G 9.42M 0.176 0.313 0.080 0.272 0.364
YOLO12n (640, 640) 6.3G 2.56M 0.142 0.259 0.057 0.224 0.346
YOLO12s (640, 640) 21.2G 9.23M 0.176 0.312 0.081 0.274 0.356
(ours) (640, 640) 40.1G 27.7M 0.177 0.318 0.085 0.274 0.367

Metrics 1.0
AP
AP@50

. AP@s
= Ap@m | 075

Ap,
APy,

Ques,
4ap

Figure 4. Performance comparison chart of object detection methods
B 4. BAREN7 A EEXT L E

SIS 25 IR IR B 1 AR SO VETE 2 TP bR v b I SRR R . FRATTI IR T S R R T Y R
JE(AP), 1A% 0.181, FMLIAEIR T BERT. BRI E, A5 4 0 F DEIM &7+
T 2.3% (0.181 vs 0.177), JF HAHELHABIELL 751 om KR EGEE, 5 Model10s. Modellls. Model8.
Model11n 1 Model12n AtL, 3R FHIEELE 2.8%%F] 27.5% 2 1], f% 535 IV REIR A BLE AP@50 abs L,
AT TTEIER] 7 0.377 W45y, KRUEE 7 FrA Se 4 751k . XA LSS — 441 Model10s (0.323)#271 14
16.7%, FoorRILT AT IELERG H AR e A0 77 T 1 SR BE 1. AP@50 8 BRI K IEHE T+ B FRAT 11 T VETE
HEEENRE s h RN R, X0 SERR R B A R .
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Figure 5. Comparing the results of the comparison chart, the green box represents successful recognition, and the blue box
represents false positives
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