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Transmission Line External Damage Detection Based on Hierarchical Feature Fusion
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Abstract: The transmission line channels feature complex environments, and various hidden external damage targets
exhibit significant scale differences due to factors such as shooting angles and observation distances, thereby resulting in
the model’s low precision and prominent problems of false and missed detection in diversified risk target recognition. To
this end, this study proposes a transmission line external damage detection method based on hierarchical feature fusion.
The method is based on the RT-DETR model and introduces a lightweight C2f MambaOut module to optimize the
backbone structure and effectively reduce model parameters. Additionally, a PA_ CGLU module integrating polarity-
aware attention and gating mechanisms is established to replace the original AIFI module, thereby enhancing the query
vectors’ directional perception of image features and salient modeling capabilities, as well as improving adaptive semantic
matching efficiency. Furthermore, a hierarchical attention fusion block (HAFB) is designed to realize multi-scale
hierarchical fusion and enhancement of input features by employing local and global attention branches, thus boosting the
comprehensive recognition ability of multi-category and multi-scale targets. Additionally, a transmission line external
damage detection dataset that covers various real-world scenarios and features a balanced distribution of samples is

constructed. Experimental results on this dataset demonstrate that the improved model achieves a 1.5% increase in mean
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average precision (mAP) and a 20.7% reduction in the parameter count. The results demonstrate that the effectiveness of

the proposed method in mitigating the challenges posed by target scale variation and enhancing the overall detection

performance for diverse external damage risks, thereby achieving a better balance between model efficiency and accuracy.
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2 ST RE BRI KA B AT IR 8. IR %5 4% R 40N CentOS7,
#£4 NVIDIA GeForce RTX3090 &t 1. SZI6 2 %
B, BNEUR BN 640x640, YIZREEHTN 150 4,
WG 2125 0.000 1, fLER/NR 4, RAEE N AdamW,
IR R FH 45K R E0N GloU 52k pR 3, A s E 1Y
5 JH RT-DETR 3% [A.

ARICRH 4 TR AR AR A PR DAL B FE A AR AT
AL BEAIRPRAAE T 2 GFLOPs. MiZ FPS, £
¥ & Params AR AL K /N model size; A B 48 bR F5
FRAPFEIRERE AP FIFIRIIAE B mAP. H A, Params
F1 model size 73 7l FE AR B AL 45 1 v (1) S B0 8 AR A
B RN, REERLGER 0N, B 5 A7l A0 B B Bk /b, I 25
5 T ) R R R v FPS 26 g R 7R A o TR o B ) Ak
PRI FE, F T S 1 R GFLOPs R AL —
UCRI ) HE 3 R BT R BT S R, AT AR A O

2.3 HRRSELE

ALHET RT-DETR #AUHEAT 17— F 51 1 ek, @
Tk 9 i S 6 5 F T VAR A, SEERAE B
(4% B 2 B A RS I s 2 AT

N 2 F 5 ST S5 R R )T Rk SR 5 el LR
H, BINRERHERR IS C2f MambaOut Ji5, H7Y
RS FEIE AR B, L H o 7K U 52 25 2 S R W RS
SO e N 35 . IR R AR TIAE R Rk bon] o 2 &4
MR 4R BN BUR, I RE R T HIEASRER 4. SO
AN S, TR S0 A 1F T M LAAT R B I ) ) AR 1
FEHCEAE 51N PA CGLU BRERFEES . i 44
FATE I B BRARRAE B B LRSS H A5 SE 0 T 825
PERESR T, #E— D IGUE T 1A B AE 3 5 2 FRURE 45
AR 235 77 0 1A 240, JCHIE T B B2 AL
NI B AR IR AIESS. BeAh, AhE T RS 4 R = I
i1 HAFB HBEHTE 2 502800 B384 F+ T R illas B2, 2%
B L/ RRAE 23R & 5 1 RS A T LA 1R o L 1k
SR, TENH 55 281 -, LRSS B Hh IR — 2 M P 1 %,
AR TS B A S, EWHER. 515
SRR, S BRI ME LR AR T RURHIE X3,
Iz 2N RBERITE A BA0R, SRR IpLEIZ AL Re
PR T B BR. 45 R TR, RS SR HAE A R 2851 1
I BE R IAELE 22 37, {H M ARSI 1344 C2f MambaOut,
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PA_CGLU 5 HAFB BB ATRA 5, B8 1) 4 44 R
T8 7745 B 5 35 Y 0. (R ORIFRICAR AL B A FE IR AT 2
T, SEILT X 2 O A i e R AR RS HE R, U HAE
IR R RN MR RS M 50 N 3R
R R . Bl G R AE % 2800 B T R
(RS RG220 90 30 UE 7 BT 77 VA TR B i 2 B A B
SEAS AT 55 Hh A R S S AN A

K2 BIFEIEE AP@O.5 TR ST

5] RT-DETR +C2f MambaOut +PA_CGLU +HAFB Ours

ik 0.715 0.753 0.746 0.777 0.767
1% 0.72 0.71 0.7 0.679 0.735
i 0.838 0.853 0.874 0.85 0.844
GES 0.849 0.855 0.872 0.852 0.855
KRZRE  0.746 0.687 0.748 0.753 0.752
FZHEHL 0.877 0.868 0.859 0.881 0.881
mAP@0.5  0.791 0.788 0.8 0.799 0.806

R 3 JEIR T A EBAE AN [F i b T (09 fal S 06 4
R AINBEMABE C2f MambaOut J&5, /8 BRI

FERERE A T, (U HSHE SR/ D T 30.6%
1 30.3%, iHE R T 18.2%, 7805 iE 1 £ T M %%
B AT R 4 A A AR D T ARG . PA_CGLU
BEHAE JUT- A1 00 52 2% B2 1A 1% 0 T B2 17 Ao G 2
B8 7 R (R AR R IA 58 USRS /1. HAFB fRR
TR T 2 2 IR R 15 KL, S8R S35
ST E RGN, RTINS AR 2 Rl g R T
DL, ZBLHRAE 2 80 H bR F 3k T R iR, 75—
SEFERE EORAN VIR BEAL AT R AR R %, R T AR
BRSO SRR T RS LR A RE, AT
ERA R 3 AMBLER, 7R R R AL AR Ak 2 (]
SEL T AR P AR SR AR N A 20.7%
F120%. HHEERA T 12.1% KRR, SF 24806
T T 15 ANE L RS RER W, BTt B &L
FE4E 1R RLRIAE, OO0 0 2 Y5 1 HAE 2 M e R
HARR I b 1) 256 R B, N SEBR soh SEBL s 2. K
TR R AR AL T SIS,

R 3 A [ et N 1) R SR

RT-DETR C2f MambaOut PA_CGLU HAFB mAP@0.5 GFLOPs Params (MB) Model size (MB)
N — — — 0.791 57.0 19.9 77.0
v N — — 0.788 46.6 13.8 53.7
v — N — 0.800 572 20.0 77.6
v — — N 0.799 58.4 21.6 84.0
v N v N 0.806 50.1 15.8 61.6

K7 Jos 1 W I I LRSS 2R

(a) JE P

(b) RT-DETR
K7 #OERE
Al LA ZZ R, JR 445 RT-DETR R 2 f) e 3 [X 38 20 A
BONEL, 5 H R SEPRES BRI A FE AR, BAAE—

() AT

8

FEE MR SRR, AL, RSO 451
FE R Xk BN T B A Ak, A EENE
HArE SR, Bon s i) H Bl ae . Bk E, A&
SCOTVEAE S B It 5 A DUKS B2 T7 T 3 0 T IR AR A Y, Je
It T B b 2 B A/ M 8RB I A 25 o %) B 3 S
LS.

2.4 FFTELSELE

241 AR R JIHLEI S

N T WAEASC TR ) PACGLU FEER 4 R,
ACEHL ELAPY ., CAPY . SEPYS AR 1 2 Sy WL
HBEAT X LSRG, seab gk Rk 4 fios.

B2 4 AT L, AN [R]VE & 7 WL AE 2 158 B R R
Hz ) 5 4% B O T R IUAEAE 2 5. ELA HLHIE
mAP@O0.5 febr FHUAR T 5 0.802, {H S AL
SRR K, CA 5 SE Bl BARESHE FH
FLARS, ABTEAS DB T v 32 BRI 1 AL, 2 7]
R SCEBERE SN 2, IR R B EARAE — e K. A
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i H AR G N A

ez F, ASCHEH Y PA_CGLU #EHLE SRFFHAR T
T RIS, 3l AR PR N e ki 0 5 T 1R B BT
B [FV A, S T 2R A5 M5 25 JR A AR FE A A Y
I IL. 5 BELA 584 R KA. CA 55 SE fi#
HIEIBAF, PA_CGLU RN AL B2 22 (AR U7 1] 5
UL R A5 S RISl 1 1 I8 A S 7 0 S A
B, ITTE R B A A T MR R A m PR DA 2.

R4 RSP LI

FEE ML mAP@0.5 GFLOPs Params (MB)
ELA 0.802 58.9 24.9
CA 0.796 58.4 20.2
SE 0.793 57.1 19.9
PA_CGLU 0.800 57.2 20.0

242 ANFEIZ R 7R HSEE

N T IRAIE A ST I 2 TR AE 2 R R AE il £ AR
BRf A et K R Bl A 43 43 0 B o BiFPNDPY,
Slimneck”*'. HSFPN/HE17 ¢ L S, 5286 45 Sk 5
Fi7R.

RS ZIUZMEX L

RER I, B HLZ A F 00 H bR AS DI 047508 B SRS,
#% 7 YOLOvS. YOLOvS. YOLOv10. Deformable
DETR™, DINO®EARF 714, UL SCHR[6)FISCHR[18)
PR R S0 T vk, S e ¥ A6 AR [R] R R8T A A [R] 10 %
WA, JEEAH R AR B AT LA, xf e g RNk 6
Fis. 2 6 B85 R SR, RSO EAER I e J7 T 2 0
i 5, mAP@0.5 F1 mAP@0.5:0.95 43 ik ] 80.6% Al
45.2%, BEARRE FEDL T AR I 0 OB Y . A T R 45
Y RT-DETR, A il It — R A 0, S8 &
DR 20% FIRETHE R, i mAP@0.5 F1 mAP@0.5:0.95
SEAERTET 1.5 AR 0.8 ANE 43 . 5 SCHR[ 18] Biuidk
JiVEAR LG, A SC T e DIORS BE AN UF 55 2% BE AR AR
B G, Uk B AR SC S SO A T L R MBS S
BR[6] A B3R & Xt YOLOVSs RRAS 1 78 5 47 5 K g 3 1)
A e, FoRE FEAS 3] 1 RORIE FE AR T, (H 2
oA IAE FE AR, 7E 52 FRI2 A A e DUIS BR B IR

Fz6 Xftbsze

REAE Ay Y 2% mAP@0.5 GFLOPs Params (MB)
BiFPN 0.796 64.3 203
Slimneck 0.785 53.3 19.3
HSFPN 0.788 53.4 18.1
HAFB 0.799 58.4 21.6

B 5 AT WL, AR 2 REERHERL & J7 2 A8 8 DS
& 55 3% 2 [ R IAFAE W] . 2 5. BiFPN 181 2 4F
MEAE H.J7 R I, (AT H R 2 )2 0] % S RCGE
SBLS 2 UGE ARG, THE B R R ERT, AR TR
EAL#E . Slimneck 5 HSFPN 7EiH 5 & A S H I L
BA—EmH, (HaE R o) 2 s B R
AR, TR IR FEARRHEUIS. A EEZ R, AL
HAFB BLHAE LR 7 IE FR o S B R, SEBL T 8m
(RS IR B2, LT 34t 3 Fx bb 7 vk, JLRRIE T, HAFB
WS R R E 15 S 2 RERHERG, REBEE 7
o R 2 45 AR S5 R 210 XS B[R, Zh 25 1
B [F) R BERFAEAE il ik A2 o i B 73 B, RE R 40 T
BiFPN [ TUR T8, XR%h 7 Slimneck 5 HSFPN £
5 2 A8 AT TH AN 2. Ak, HAFB 7RI 14 e 5
THE R Z IR B 1 SEAR )~ 4, e B0 A mi 1 s
PES AT .
243 AEFGIAA B S

SN UE AR S5 VL B P 2R B A M ASE W AT 45 v (1

” FPS Params
Y mAP@0.5 mAP@0.5:0.95 GFLOPs

(f’s) (MB)

YOLOv5m 0.726 0.402 64 71 25.0
YOLOv8m 0.745 0.415 787 70 258
YOLOvV10m 0.686 0.377 589 71 153
Deformable DETR ~ 0.735 0.421 784 29 400
DINO 0.782 0.440 166.8 24 471
SCHR[6] 0.612 0.308 78 126 3.6
SCHR[18] 0.788 0.436 660 32 148
RT-DETR 0.791 0.444 570 63 199
A 0.806 0.452 50.1 43 158

Ak, 5 Deformable DETR F1 DINO 2% /7145 L,
AL IEAE S HCE T B 3 PRAR I S Ak S T
SRR RS P i, 3E— B IR AIE T BT B4 M E R UK
(IR B HL4 RAF A I BE ) 538E M. 5 YOLO &
FITT AR, A7 A RS B2 i = T YOLOvS. YOLO-
V8 S U7V, U B I B ARG ISR, E AT A2 S A
I FPS #8F5 KT 30 FIEAT R, HAC T EMITHE
MRS e FE AR, 25 B RTIR, A5 AR
Eb, 77 (R IE 5 H 2 2% AR 5 R I b S e G 0 ) ] e, s
S SR R A B RO e, LA R A T SE R AL
2.5 EEXLW

N T AR LE VR AR AR 2 BR B A B RE
R, ASOKAE RTX3090 %45 ISR IR 24 7y 531 B2
2] RTX2080Ti £l CPU ¥ & A1 47 50 & S48 5% bl
B WA 2 8 A R A4, o CPU 45 Y
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5 Intel(R) Core(TM) i7-14650HX.

SE A R 7 B, AT LLE H, EA R &S L,
Y B AG DUKS B2 R AR HF AN AR, B RAFIES & —
B, T AR F A B R AE B U 52 PR ) e A% b AN R
G I TR SR E, A SR H AR R A TR TR
V532 PR BG4 e R 35 B0 1 1 e, B A AE SRR
RN T B B3 1 AT AT, 78 S FR AN S bR S
SRR TT DL 2 S B I 7 K

7 OEREFSLR

, . L Y 17

A W mAP@0.5  FPS (f/s) 5 F (MB)
RTX3090 0.791 63 19.9
RT-DETR  RTX2080Ti 0.789 54 19.9
CPU 0.790 11 19.9
RTX3090 0.806 43 15.8
A3r777E RTX2080Ti 0.805 35 15.8
CPU 0.804 9 15.8

WAL, AR i A0 8 U T AR R & gk — AR A
(38 7. JE I B T A R 2 B RS PR VR S AU 4R
AR R R IR, BBl 7 5 e BT AT 25 B U R il
AR G50, AT IEAY. 75 CRE R DI RS FE A A AR
PRI T, 1 2 SIS B % 0 2 $E THASE AL R B 0 1 4%
R HERE SRR AL, SR PR AN R E SR s 2 T
AT PR RS 1.

2.6 MR

N T B M R AR ST VR R AU, AR
7] 37 5 N 1 H AR A ISR 34T 1 AT AR 2 1T, &5 R
8 FiTs.

8 JEIRN 1 4 M7y 5t rh i FL 2R B A R R H
Fr AT 25 . B 8(a) AFELALAL RT-DETR (14l
Z55L, B 8(b) AL VAR AS B, #2121 R i
WIKHEF. 55 1 H I s LI, P A B 3 i A
IKVBIR G H br, LA A o % 25 X el A A 11 42
HAR. 26 2 IS oAt 1), FEERBADE 7 R8540
PEPEHL, WA SO VL R e IR R ) H br, HE(GEE
s T FE AL RS R 5 3 A3 BN G S R,
ASCTTEAE K S5 00 %5 H bR BAS I mh 2 30t 5 v )
WP FI EAS FE, R R AT EFRE. 28 4 A sohR
M, LGRS 7 — 248 ML E AR, 256 LL B,
KICTTFAEZ e N RIS B = (R RS P 5 e b,
RERE A B0k Rk S IR I G, B s se itk
2R
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(a) RT-DETR

(b) A7 i3
Bl 8 LM 5 A AR AN R 57 T A4 R

3 HiSREE

A | R P MR R T A N v ) S e e
MBI TC, RETERME T2 RE. 285 His
(1 VR ) K L 5 8 TR 0 T R 7 T T AR RN 3
LA KRR R 7 AN PR R B PR A . B
PRV Z2 A5 R A LA b, ACCHR T — MR TR IR
MRF AL Rl £ (4 % P 2 8 MRS DU 7 3k % T VR AE TR
AR RN, B ERTE T X B REE R 5 45
RARAMERIE N fE 77, @B vt S5 R A AL,
AR AN AN AR A UK P2 7 T SE B 1 4R T, R AR 2 U
A SR LR IL RE A0 5 T R B R AP ISR G PERE.

BEAh, A SCEREE T — A H & SRR AR LA S 1]
R REFINE-6 AR MSIEE- PRI Pk S RNE A P
BLai. SRIR AR — PRI T PR VARG S
BRI 2 (S B T R, R R g T R
TR I TR N IR 0. 5 B 4 5 R 2 B AR 1Y
bR R, D IRTHER SRS R L RE, KRR EZ
) RS RAT BRI ik

SE M
1R, XYL, S, S i AR B IE AT 2 A S D F AT B
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