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UAYV transmission line detection based on cross-modal interaction fusion
and global feature modulation

TIAN Hong-kun', JIANG Nan't, REN Tao®
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China, Shenyang 110854, China; 2. School of Software, Northeastern University, Shenyang 110819, China)

Abstract: Accurate perception of transmission lines by unmanned aerial vehicles (UAVs) is a core foundation for
power system operation and maintenance as well as UAV autonomous obstacle avoidance. However, in complex
environments, factors such as light changes, background interference, and the inherent characteristics of transmission
lines themselves pose significant challenges to accurate identification. Existing single-modal detection methods rely on
visual or infrared data. Restricted by their poor adaptability to complex backgrounds, these methods perform poorly
under harsh conditions and have obvious limitations. Although multi-modal detection, which fuses visual and infrared
data, has improved robustness compared with single-modal methods, existing multi-modal approaches still have
shortcomings in adapting to complex environments and mining task-specific characteristics. To address these issues, a
transmission line detection scheme based on cross-modal interaction fusion and global feature calibration for visual and
infrared data is proposed. Specifically, thecross-modal interaction guided fusion (CIGF) module enables deep
interaction and complementary advantages of dual-modal features; the global feature significance modulator (GFSM)
accurately calibrates pivotal features and enhances key information; and the multi-receptive enhanced decoder (MRED)
efficiently reconstructs the fine spatial structure of transmission line targets and achieves pixel-level positioning. These
three core modules work together to form a complete technical chain covering feature extraction, interaction fusion,
global calibration, and fine decoding. Experiments on VITLD, the authoritative dataset for UAV transmission line

detection, show that the proposed algorithm meets the dual requirements of detection accuracy and real-time
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performance. Notably, it maintains high accuracy even in complex and extreme environments such as low light at night,

foggy blur, and snowy occlusion, breaking through the application bottleneck of traditional methods. This scheme

provides an effective approach to solving the problem of UAV transmission line detection and holds important

theoretical significance and practical application value.
Keywords: unmanned aerial vehicle (UAV);
fusion; target recognition; computer vision

0 3 B
TE ML FEL 2 RS B SR S 4% 22 AN AT 5%
THRIIAZ OB H—, e I RARH F a4k T1E
W X —RE TR L R Ak TR EE
R, BN TN AT R, BRI 7k
i AT B B 22 A Ba Rt = R AKLE E S
5 G B i FE vh X H 2R 2R AT SRS I A R
HAEH A h I T 2 4B T &4 i T
FARIA I R E IR IRAS, SR8, BT
SRR, UL BREAR G BAREAS— 24T
R SEE 2L, B ANUEA A 37 50 T 24T A I I,
T TH THT I 2 VR R BEAS e 32 . R % 55 S M R
I, B ) 5 S AR U T B R A K A ]
FET BB TE AN 2RI 2 18 m] WL
CE AN, B R TR TR ]
JIEWZE. FE VT WOCHEARE J7 1, A% 455k 2l ia
GRTING A~ E FARH . K AR 4 S A 2R 2% 1) T L AT
FHAE, B EAR ML B 72 2 Song 251 Fi) 34 26 I
B MO S B SR U F 2R Baker 250 JETE K
AR Y L AR AR AT ; BRI 5 4R G I 2 B
AR Y 338 538 7 v, G sk A ) S| H 2R K R X (R R H
b, BRI, X R IEX R A 4TS S BUK, L
ANSE. A TR PE 22 I BOR BIIE, 5T BRI 48 N 4%

@I

(a) ‘IR

% ! B 1

-

&u

transmission line detection;

ie—
e W

autonomous inspection; multimodal

S FY 3 38 A ST N R ) SR R A 4R 4
LRI L T 26 00, 32 7 24475 5 Ry
FIRCR; Li & SR 7 1 2 R R AE 43 25 S I o
FHL 28 i X 3k o7, (H AR 38 0K B 52 A Kl 43 b
PR R o], e DS 1) AL 0 BRs 8 E 2 5 ek ek
YOLOvS 53, 51 NiEE 1ML 5 70 B REE Rl & 25
1, AN AL E ST 7RI AER 2 Zhang &5
JE Ik 249 B (R RAE B TR S RRAE, JR45 A 2 R
SR IS AT H 2R I AR SR, 2R T
Ay WL G I G R, IR SRR IR B 5

AREESAE I ME DL . 40 AN S SR A HL O IR AR
B &, BT TR e T WSS A 2. BA AR
FMk AT AT 0 Jalil 251 B TR P 40 A P A A T
FL ) e % B BT A e o 4 A% v T P G A
B R I RCRAR S ) R, $R T ST A A R i 2
TR S B SR B 7V, R, SURFE RS
ZLANEE, 52 PR T 20 AN A 53 9 23 ARG B B,
TEW 2 H AT 5 s P A — 2 1 5 PR AE.

FE T 2 S U 09 e AL 2R A I E 1 A [ 1
HEZR SR M 4 m] DLyG 5 20 A HE, CASE T A N A
P MRLA S SRE, o] o A B R G S B A A
S B EG 3 AP BRI G U RR D R R Rk
&, WHE 1) Fios, B2 BSEG AP N 2 EE

3 Jﬁmﬁ@j

(b) G

19—

(¢) M Btas

&1

FRNBRTSMA M



%34

ity . A THEAR LA 54 A IERE N AL &AM 641

BN, I Choi 251K T W 5 2T ANEIHG B2 4 38
EHN. A LT B REE, Zah Ay 2T DU AR
TR, HIX R R EES E R, 75— HE &Y
SRR E AR T R — A, 5 WIRE W& 1(b) Br
TN, AT TR R X533 25 43 ) g A ] DL S AT AR
fiE, ff 5 B B 38 I 4R AF A 0 BXCPF #2 il & . Hazirbas
U B3 LI FuseNet 16 4 5 B BEAR F7 B A8 057, i
T A o TR RS AE. SR 1, S5 Bl A BT Z B RS
KELERBL, 2 tH IRRAE£5 0. 43 B Be & i 1(c)
FIT7N, A2 F8 TE AN [R5 25 0 37 S 5 10 [ B 3847 20 B B
HIAC B Rl AT ER A7 & 51 NEE 1P B)
At SIS AL, 10 Hu 25 ¥y i SE b i 8
TEVE B SR AERFE ; Choi 251" 4R 22 43 SRR MIE 2
MU R4, &5 AT B IR, SEE 43 B BE (R AE 2 45
5ifhAr . AH b 5B Rl G A S SR G, 2 B B T A
O 4 b fi B I A S B 1 P AR BB &R, B R AE A
AR, 4TSRS 4 B Be il & 7 VAR A — 2
JRBR M —J7 TH &R B 2R B B MR A 2, R R
I VEYRAS RIS B0 |) ()45 8 LA e RS 22
bk, R A N IR Z S TR
ST 45 4 7 P 248 AN 08, R BE AT X B 28 2 A B AL
R 2 55 K 15 0 A I A S 8 L R A AR 1
A (AT WG, Z0Ah. TR ) A R O
NIV IR INIER INE TR B TN £ N EP R T
FUEF X AN AT S5 R W b A 2ims, DL 1(c)
B 5y o Bemb o8 3, H OIS 53 k. 438
BB BUT S5, Zhou 251 $Hy T W6 5 41 4h W
AR Rl W9 2% DEFNet. 1% 0 4% 3 1 5 4 $048 189 o
Bl A [F) R ST BB AR, T B v 00 T o A
HARAL TS S R, i AR H Rl G i b A B 25 &
AR JZ R A i B W, A AR T T ANBETH SRS B
SR, 12T 1R R T S ENFER Gt A, X XS
SRR R A IR EAN AR AL 25 0] 78 53 B brda
A%, Fu 2517 32 4 TL-DCF HE 42, i B 4 2%
SIREHARFE I S T N 8 HE BT DL 5 R B U 2
P[RR AR, P 48 B A il A5 A R 58 BRCRRAIE 1 4 5
KAl E. REZTEASIRI TER R T REH
PR 8 AL 5 A OR, B ASE B B &S E R
B85, XN RBEAT IR HERE 1A A2, HE DLRLGT HL 2
{0 RURE 22 55 1) J1. Peng 251" B30 5 237 5 R AT IOk
AT A 52 AR R I [ 3, $5 H XU S il ) 4%
TCAINet, %M 251815 2 4 B 200 Tiisd B4 A1 A 1
THREE ST, FEIATHRECUSE S 2 R R ), it — 2
B IEE R Ik RS B, JRE T B aS R
JISE B R, B RERTE T K B AR

WAS B2 ARZITERE T H R B bR B AR S
A BRI, X 28X R A K H bR 0 R A 1 A
JE, TEVFH 2 FL A IS 40 25 R 30 SR R 75 5K BT
TN L fE A 4 R A W 37 B, Ji 25 TR
FRCPNet, 1% M 4 % FH XU & T 9 4 AT 2 BUAT WL
65 LLAN U A 22 ROFERFAE, 38 e B Gk T A2 %
B #E 55 2 24 P AR A DT O V8 PR ES 23 Rl E5 47, FH
Bl 3G o RS 1 O . 1 5 A SR S LR IR B,
FARTE T AT NGE HARPR I & PR . SR, %
ZEAe ) =R R RSB B RRI A, o (R S i e
HIX LM H AR BRI A 7 m) (KPR B IELEME) 5
Jr F AR A0 T T R AL A N 3 2 R A BR ER Y R R
T3k, Tong 25 $ 11 5L T 0] W 5 B U2 1)
HFNet, %M 2830 1 77 Rk Rl & 5 S A0 A0 2800 55 3R
W, Sefife 1 AU REAE 2 [R5 X5 73 (8] )& 14 22 7 1
] A, R S ST T AL KT E AR ) 2 (8] R A RE
77 AR SR T B AZ O H AR 2 NI 4 1R 7 2 S8,
SR EIUNWITE| XA R W WeF rok i
FLZGIX KA H bR & JBAFAE, A LU 2 T AL
LB RPN T K.

gr b, A 2 BTG 5 15 R R e AT 55 1
HARRRE B UT, BAE % B OURR I =, {5 R AR IE T
HLZL B BEHL A AT S5 TE A RRAE, DA KRR R PE
By 22 ROBE ety kar il 75 3K, A LA ELH B FH T 6 AL
L2 AT AT 5% DRI, A 55 T 1 m) F 2R 14 1 &
PE A il 5 R R HEATL ).

N T ARYEIX LG ), AR PR T S R
A H R 5 A R R R AE A To AL 2 15 H 2 A
J7i, BAELUT JLAN T TN A1

1) R SRS B G| SRl E SReg, @il wT oG
52T AN IR FE A B 5 03 AR, G L B AR A
IUBLAAE BB R R AR T oK, SRR AL A
R,

2) $& tH 4 e R AIE B B A UE SR, KT 2 RE
TS KIS B OO, e R 5 AL
1, NI AL 2 A AT 55 42 (it 42 )R] )2 T B RFAE 5
2

3) $& 2k sZ MY 49 5 AR AL SR, SR R X B
KAELEM 5 2 RBE B SUE B SRS, A 2o &5
G g Ag I B 2 T X5 RS Bl S O R,
PETFHEL LR H bk 4 45 4 1) B A S
1 B

A BRI AAL HLZ Al B2 28 1 30
L LR 2 7 K 23 8] 40 A B AL A5 5 B0 A A



642 = % 5

EA41%

AR

BRZERHAESR U
RFR  Residual Feature Refinement

rl mEERmE @
ED Multi-Receptive Enhanced Decoder

Input— (Conv, ,+BN+Relu)

AR RAE B R RS

Global Feature Significance Modulator

¥ RFR |FXf o
G | RFR PR b §
2 ol ™ RFR ! FRge - :

¥ ¥ | :

| cE, ] ©

j - L+ RER | -7 E 5
H L_ RFR %k N ] ;

mER -+ RER 3% N !
I i :

x2 — | — Relu @

RHESF% Coneatenation

€I
GF Cross-modal Interaction Cuided Fusion

P e BiF A SR I AR IR TR )

E2 BETEESZEMESERFERENT ANBRENEX

FEA L 0] 38, [F) I v B T VA AE 2 S B Rl &
ANFE I3 FREARSAERE /1 95 55 BRI, AR SCHE HH 2R T B4R
AR H A S 4 R RE R AE 0 BT EIRHESE, a5
PSR H G RS &R IEE EER AR L2
JRSZ BT S i AR 2 S G HRR AR
11 HREHESR

BEER EERHERSZ 5] S E (cross-
modal interaction guided fusion, CIGF) % i B Bt . 4>
JR R IE EE VAL HE B B (global feature significance
modulator, GFSM) 122 J& 57 B 8 o A i B Bt (multi-
receptive enhanced decoder, MRED) =>4 [ Bt 4H
B, B E SEBLE AR E SR S b, 3R T B AL
il vERe. SAHEZRUNE 2 PR,

£ CIGF 4iRd P B, 1 5 R ik 72 e Ak 52 B A
B (residual feature refinement, RFR) X} 7] )¢ 5 21
MBS AT RHAE SR I 2@ XZE 3 x 3 5
AL R 28 A3 H— 10 5 ReLU B0& BRI 3L, 51 Nk 2=
RN B AE LA BT, B AR IR = X 28 5 FE T
S i) B BT B B OB S R AE, CIGF 3 i X [r) ¢
fIE B A AL ) SBR[ U2 B b, AR AS R AR
B 5 B R AE T RS AR AR 22 B R IAL T SRR IR
A B B v J2 R SCRFAE, 177 Fl A 5 0k D) 3 o Bk 2R 32 422
&35 Z R RO B, ARSI B (LS B B (3 2.

£ GFSM R HERT B, EEAE 55 & 0 4 Ry R AiE 1)
HEVEBEAT R, DLSE 90 B AR AE 1) 55T . GFSM
BT g b5 [ B 5 A B B ) QBT A, AR AEE
FRAEOUA 5 e e 2 R R AE IR AT 5% Jld 2 RUEE
T KRS B U DL SRR HE, A J5 Bt
B B Ak 5 B ) R AR R R

7E MRED f#RB Y B, SR F it 2 E R 224 i
Tk X2 M e 1 52 72 1) 93 2R 5 m A B Bk R
TEPHz AL A, fE LA b, @ 3T MRED #5 5 sk 52 B
P RHRZRE F T XUER, 20 2R EmE 5
SEORIRAE, B0 R 2R H bR R A (R S5 4, 2%
108 I i A AR AR AR S DR A A H e s
K, SBUER R R S E fir.

KREER A EGHRRE D R AR =P o
FAH AR TR VT . 32Kk of £ 4 & — 0 %8 UM
(BCE) 112k fil Dice #1125 : BCE 51 < i {345 & 2 U
ALV, B T SR R R R R T
Dice 5 2 ) & [ 14T 40K LR 5 kgt Ak, Jl i ek
AT 5 3 S HEASE (1) 76 3 T AR SR AR T H b 58 B PR A
M&E Sy, BARLTR frs:

N

Ligta = %Z[% log(9:) + (1 — y:)log(1 — ;)] +

i=1

BCELoss
A1 Sy
Z Yi + Z Y + €
Horr: g NESERRAS; 0 N TRIMESR ; N AR 3 AL
eI REL WE N 1, NN PEE, BN 0.5.
1.2 BESTEGFREHER (CIGF)

CIGF 38 3k X ) o fiF 5 8 AL o) S BASE 45 10 45 I
HRN, GBI 3 AN BCSER, 4 B AR A @ E A R
BBt 4 RS A VPG B B % 22 R B AREAE Rk B
B, % S 0 REAE 1 5 Rl R AE . CIGF 2 44 A
2 3 s,

TEBLZS I8 8 2 B9 5By B, AR FE R A @ iE A2 H

(1)




%34

Wk 5 AT BRER LGS L& A EREN LA E KN 643

REAHIE A TR & R AR S AU PR A

Interaction Enhance weight Evaluation

Z PR

Feature Fusion

me-q input Flm‘mwdwn[un

ey JEIEYE S /190 Channel Attention Unit (CAU)
SR TN — AR — ReL U Wik o8 2— 423 H — Sigmoid % B Y

@ mazim  © wEp (ORE "= =1
FEIeh 47 SRR AT

E3 BESXESISMAER

WL, G A 2R A DU R AE HU 0 BE 0. SeBi B i F %
BETETE R T, BRI FRRHE 5] 328 5
FELLAMRFAE (1) 57T WGHRAIE (V) Wil IE 4 B 5%,
a4 FF il (GAP) 2 52 i E 78 AR 2k
PEAZ ¥, PRl Sigmoid WU% A BB TE A E . B LA
B 72 T 3O T AMAE 28 FR) AR 0 ) 7 S Tt 8 ), 3K pRASR
A IE A B 3G 95 H Ax. iz R ECERIA T

W, = o(W,6(W,GAP(concat(V, I)))),

Wy = 0(W,0(W,GAP(concat(I,V)))),

I'=I+W,0V,

Vi=V4+W, ol
b 609 ReLU HUi e& 3, 5N AR 26 1R AL # fE
o9 Sigmoid BRI &L, £ RH — L TERE; W, h4
RS M © RN R, I & PR T P [ S
AR W AE AZ B A RO 5.

FE 4 R RS B PR I B, BT B — B B ke
L3 95 R, RS B B 0T 0 B T T R AR
e R EEERVEG. BART S, el a s B E
FAFAE (V7 I') UTIETELE R DF 3%, DALHH SRS B K
R FHRON R0 URh T, AR OB TE )
A, R Sy NP WS F Jm U E Ay 5404t
BT JE AU A XA 7 B 8 U A R o
ENASEE, T OSSR AL 5B A P N, 120 R ik
R

A = o(W,0(W,(GAP(concat(V',1))))),

{[AV, A, = split(4). ®)
o 009 ReLU i e& 5, 51O\ AR 20 142 # R
o9 Sigmoid PR AL, £ RH — L TERE; W, A4
BT FRRLE.

TE 22 00 B AR R i B, SR A OB 515 B AR
JERES, RN SRR AR A8 HLER AR J0 SR R 5 SRS, K
T~ LAk AR O S H 5 R R A I DR B O 75 oK, M
LU 2 RIZHRHERN S 24 1 a0 5 irie, &
T BB B RS T R ALE Ay Ap, X BRI

(2)

AFFAE 2 AT RO S5 #E, @l Vo Ay s
I ® A B THE R RS AR B 5 28 48— Rp AR 7 (],
TH BRASEAS 8] B Al Re A0E 20 A 22 3, SIS AR AS P AIE (1)
W R HE; SR J5 38 H AR, N IR T I AL ) )= B,
FINBEESZEL (Vo A)O I oA, Bidf:
IR B 3 Yok 2R B8 72 I UURSE 2 AR 18] 11 W [R] DG B, 5t
PSR R I HE 2 MERE &, SE TC 2 R0 FERFAE 75 5K ;
S 705 R R AR R AE 5 06 55 R AE 1) EL M, X
PR FFAE AT 0 R GO, T AL & 2 ROBE SRS
SRR A FEE B R A R E B Flgon. FIRT, D9 LR B 45
BLBFHE, REURZ R B S A N SR NE, 7E4E
FEAOL OB T B R R B R 5] NSRS HAME B,

TS RAE IV, 5 L, R E R T
Flgon = V®Av+I®AI+
XA
(V ® AV) ®© (I ® AI)7
B (4)

1
‘/(Jlltzﬁ(V+V®AV+I®AI)7

1
Iout:§(I+V@AV+I®A,).

HorA1/2 ARE G R B TS P RRAE 5 5 A
A5 AL (0 TR AL R, BE LR S R R BN 5
RS 5545 I, SCIE f J5 U R A A i M 78 25, Sl
“REIRT 5 RRECRERY (12 R RRAE S .
1.3 ZRSEEERERHES (GFSM)

GFSM 1E N B i 5 fif A It P2 1) 0% B o) e A%
e, AR FERE TR T 4 SR R E B I A . LB 1K
FEARFAE 43 20 SR W5, H5 w5 240 i O\ R F0E 94 068 38 4 5 9 1
NE T FHFAE S 18], DA A JE R IR PIAT 22 45 A5k
TSN, H IS PR AE VA 5 BRI 1 3 AN i
HERY B, 4 40 JE A FEALH, A2 RS EE
4 FE 11 [ B S BT S BREARRIE 10 388 5 5 0 A {5 JEL 040
i, SRR A5 ik L 2% B i U R E SR AR, &
e 5 k37 56N 2 B4 IR AE 3R 08 75 R, AR HE 22 4
K 4 BT, 75 Z SRR SR BB B, 15 Bh 2 )RR 44
A BB b T SC R IA . XN IE X, M
203, S E RERHMEIZ . SR 52 RTH
b A 3R H L bR AE , B AN AR CRRE R A (2 s
4 15%5) B R REERL A6, 1248 2 R 1R 3. FR,
FH s 2 T A AR ) e g R 58 B2 BT, SRR 0 1)
FRE 1], Hr 3R BE B 4. 22 FROBE AN BE B R IR 420 i
PHES 1 x 1| BREE, AR Z 4 E T SCRIE T,
PR E Sy I



644 ¥ # 5

xR E41%

Conv,,,— ReLU— Conv,,,
o d=3

EINEL S

| s | (armas] [i/armay]

Conv,,, il &

hrEL ST
ISl o

I

Speavis |
TXxW+B

Sigmoid [ 145

| X out=X groupxW I

FEl e AT Sk )2 A B )
El4 =RfFEERMERERS

T =
Conv(GAP(X,))
Conv,., (concat Downsample(Conv(X,), 2) )
. Downsample(Conv(X,),4) |/

Conv,_s(ReLU(Conv,_3(X,)))
(5)
Hrp: GAP A4 R P44k, Downsample A T R AE
BefE, Conv,_, REZTHFN n H2HEF, concat
1E B & SRFE VP AR B B, 1% 0 K8 G i R v

A BRI B R, B, X T B Bk E B
RFHET VAR AR Gt &, W 7 REE 0 B A 25 1)
L&, 13 2R E AR HEZ; R )5, SIS
A] 25 SN, R AE 2 DA A O N TE
I3 B Ja, T Sigmoid BB i H — KRR
JEE MR EW iz R IA R
T*llf
S +0). (6)
Hov wAYME, o RFFHEZE, v B ¥ IS4,
o N Sigmoid B& %L
FE I PR PR AR R HE R B, dl O AL E W
P 20 42 SR AR RFAE X . S o AL AL BRARAIE, X REALRRAE
X,, S HZBEFER I B T,, tF 5 H Y
B ARiEZE, 456 ] 5 2] S50 A N BCE; PR AL
H 5 R IRFFOERE FE AR 3, 3 o G BEARR AL #9822
RFE. FTA 3 SRS HE G IRFE 2 I8IEDHE (Concat |,
G =28), it AR UERHEY . Zid B RIEWT:
Y = GFSM(X) =

Wza(’y-

Concat (Xg ©) U(’yg : Tg; = Bg))’ (7)

g9

Ty = futiscae(Xg) F frongrange (Xg)-
14 ZRZFHEMFLE (MRED)

MRED 1 R f#5 Bz O 2044, DAt 3 2R
FERFERE A, fil G dn s B BBk ERRRAE, £ Bh 2 1852
YRR ZRE LR, &2 RFHERIEEEH
LRRE AN R, e 25 ARSI I, SE IR R e
A7, ZRFE M G SR 4G 0 45 SR () B AT 55, B
PRHEZR G 5 B,

£ MRED #2528 1 x | B EYE 595
FRAEAR e, BRI 25T 2000 1. 24 3 TGN,
P %2 R K2 BT, T 56 B AR H bR MR SR 40 B 4
JREEMZRE TN 20 X EMEREZ LR
AL #EH—14L 5 LeakyReLU ¥i%, 5 AL RFAE R X
M2 e 5 X R, ARl 1, 45d 1 x 1 BAH
BIEE G, S5 ERN (R FRFEPHERAE X) A

F kR =1

—h :. l...

SR =2
.

e - i

| BN—LeakyReLU [—#{ Conv, , |—»

DA RL=T

— ||

&5

® zxzmm

P rp T AT 7 Sk 2 RS R AL AL )

% RS I ISR AR 2R
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In, @R NSRRI RS R, PR e 2
PR, Z R EEAZIS R, B RACRHE, A H bR
PIAG A S 1. 2 R R IR R

MRED(X) = X+

3
Conv, ((Xeaky (BN (Z Conv,, (Conv, (X))) )) .
=1
(8)
3
Horh: Y Convy, Jyitly 2% d, A B, el %

R EF 1R SO, 40 BB RE 0 T,
G AR BZ B AR AR, BN — 46, AR AL RRAE 43
A, MR Y255 32 T+ F25E 145 Oy /9 LeakyReLU ¥4
TERRAL GINAEL T, SRR R A

2 SRR 55T

2.1 SRR

ARSI IR FE AN T #F R G R H Ubuntu
18.04, f§ {4 % Intel Core i7-10700 CPU 5 NVIDIA
GeForce RTX 3080 GPU, #.7% LA Python 3.7 4% %2
T, 2T PyTorch 1.7.1 PR ¥ 2% S HEZE T Je LM
A5 55.

22 BE/ELE

SLIG %6 VITLD $is 421" BT 76 A B 2k
PR MAT 55, 125038 00 55 420 40T WO 5 41 4h
Bont, BoBAR F bR FLAE B B o0 8705 sk
ISR, 280 4L H T LA I Zk. 60 ZH FH TR AL 56 HIE,
80 ZHH T M. NIRRT I BV E R R R B
JERESEIRIET 1) & P, St Hoek AR HoeT I
BUE, #h 7 R FIOG RS IR S50 i . 732 [RIMI R LA
KB 55 2 PR, 3 70 5 il i i
FALIL L 2] 400 4.

IR BLId ik 2 4 P 5040 30 5 SRS S FHAR T 72
HBE77: X N G AT e e« BENLER L . 12 5388y
LA e, RS RELENEA R L S5 RO RY . SR
AR T, MR G RE R AT T AN
[F) 37 5 T B AE AR X, 3 P S Br TG0 N AL F 28 4% Uk
HI B J 2% A
2.3 WMESE R HER

W 2% YN ZRINE, DL AL 25 2R H RAdam, #1465 % 2] %
W 0.001, BUHE ZEEL 0.0005, #4 L StepLR i J&
A, B 20 NMRIRF 2] FIEWWN A I 1/2; L2 RN
N4, BIZE 200 F K.

S AR TSR, W 55 DL T SESR VRN FE A

1) 22 H: Lt (intersection over union, IoU), H T 1
B RS HSLHARE N EERE, H

Bt & A TSR LG54 HFIEREN AN E &ZEN 645
|AN B|

IoU(A, B) = : 9

( ) |A B| ®)

Horp: 25 AT H FR X 5, 845 BRAESEHRX
5, |AN B NZERNGREE, |AU B NIFERE

2) H¥R1H A% (object recognition rate, Robj), H
TIPAG R S 4K B AR 1) e BN RE T, B
> TP,
> GT.y
Horr: TP,y A 5K BG4 E# R B bR &,
GT,,; Nk E G b B B AR S

3) A% (Recall), F T4 58 FiE L H
PRt ey, A

Recall =

Robj =

(10)

TP
. (11)
TP + FN
Horr: TP iy H bx HE SN H A MR = 8 &,
FNCAE SN HARET AR H ARG R 5.
4) ¥t (Precision), H] - & Sk HN 45 1
HSRHAG RN, A

™ 1)
TP + FP
Horp: TPATNY B br BB 52 B AR R,
FNRHE SN H AT A9 H AR R = &,
FP AT B b B SRR H AR R A
5) F143%0 (F1-Score) FI 454 b 4 [l 5 5
2R I~ M RE,
Precision x Recall

F1-S =2 x . 13
core Precision + Recall (13)

6) Wi (frames per second, FPS), F 1 & & ik
(1) S Bf A B 7, e B B B ) P BV T b B )
BMEL, B2 ¢ 28 3 HL 2 Aar I AT 55 SN M I 5 R
(PR, A
1

FPS = - —. (14)
avg infer time

Precision =

Hravg infer time v 55K B AF 1~ 35 HE BRI [A]
(FRAL: s), H IR AR S AR R A 8] 5 DA P15 e B0As 3.
I FOA 2 4 VA e bR, AT R
For il P Be.
24 WS
FE M [ B B PR 88 1 % B 22 THAR G B3k, IR
U ZRAG I B0k UNet!™ (B3 1), FE T 2B
fIE fil B () 6 A AL H 28 A W 55 UMFNet (57% 2).
DEFNet""” (832 3). JL-DCF!"” (%% 4). HFNet™ (&
7% 5). FRCPNet'"” (523% 6) UL}z TCAINet'"™ £ % fii
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BB B alG 5k, 5% L DEFNet. JL-DCF. HFNet.
FRCPNet. TCAINet HLi T, Jy SRS 1 i A 7] 5
V2 A 5 RS B R T TR RSOR, SR R A2 AT L
SR : W ALV 1) CIGF il & A5 L 5 4 2 5 EE
FE T R O A B, DLBA DR EE IR B0 P AT
RO, &0 b7 v AR 23 0 9 SR 3 B 4R
UK A B SRR (intensive data-enhancement module,
IDEM). B 7% 4 1) B 8 45 fil & B2 8L (cross-modal
fusion module, CAM). i 51115 |2 P65 B FRE fl o
1 £t (high-level cross-modal feature fusion, HCFF).
R O N S DT VAB v s o Il
(enhanced modal adaptive choice fusion module,
EMACFM) LA Je B3k 7 1) 5 15234 il & B (cross-
modal fusion module, CAF).

R R EEE A& EIEERG AR FR K
) R0 25 R 55 2 1 5 A A48 IAZ D IE I 48 AR
B, AR 2 BB R BRI, SEBL TR
PRS2 538 AT BRI BT 78 ToU $ b5 L, A3
HALIE B 67.79%, H LR AR H % 5 (65.14%) = H
2.65%, 2 WA SRR AEAS I 5 5L FRAS vRE B b BE ELAR
% £ Robj fRHx b, A CHIKIL ] 80.62%, LK
PHIEE 4 (79.51%) i thh 1.11%, # 3 A SOk
Xof B H B AR 56 B B BE A £E Recall $645 1, A
SCENERILF) 76.57%, HH LIRS 4 (76.03%) =
0.54%, 2 A SCEENT B bR 17 55 fg 0 B AT, fig
T 25 2 FLSAFE R H bR; £ Precision fi#x b, &
%7 UL 76.29% N, ASCEIRIL 75.95%, LI
ik 0.34%, {H45 4 ToU. Robj. Recall 455, A X
SR T 5% 7, B AR I v € BE X 4T £ Fl-
Score $8 k5 L, A HIVLILF] 76.26%, AH LRI 5
5 4 (75.93%) i 0.33%, X #E— B WA T A SCH
VRAEAS I RE B B PE B SR, Re AR ORUE A B
2 (1 [R] BF e OS2 £E FPS fabr b, ACEEA
47.62, BIFERom (W5 11 FPS 4 68.03), (HTE
IoU. Robj. Recall. F1-Score %5 1% 0o ¥% £ F5 bR 35 R I

#=1 XJELSCIELER
g o) N Reel Predson FSeoe g
BRI™ 5292 7431 73.22 70.96 72.07  68.03
Fik2™ 5707 73.98  72.12 73.01 7256 52.63
FE3 6122 7468 7431 75.89 75.09 46.08
HIEAT 6138 7951 76.03 75.83 75.93 51.02
HES™ 6514 7827 76.01 75.16 7558 38.61
Bk 6545 7497 7224 75.72 73.94  36.63
BETY 6574 79.01  75.07 76.29 7558 5291
ANEE 6179 80.62 7657 75.95 76.26 47.62

RGO T, OREF T8O B RIS TR, mo
PRI T RS BE 5 R0 1 R T4

6 IR | AR HEIRAE % R 5 N R4 R,
W T, HOEHL. A REHRA A KRR
LHREERBRKFEZ M5, 280K 7252
2 50 B, I\ SEI6 45 I Re 08 75 M Hh & ),
TEJEGE HR FR W LR T REZ A 343
s, S E R T W SR A R S B AE
e P B2 RIS T I P 2 RUBEAS — 43 AT %5 FE Bt AL
TSRS, T R ML BB RA, b
BRI ZE R G OU R, N T 0 HL 2k 3 S Re HE R
FIWTTE H bR, 5T B 2837 5 A IS 2 A AR
FE 2R, 38R LURS #EAS I H b, A RIE T AR SCRE
X 5 A s B R

N T A A T LG AR B AR e N It R
T, KA B AT T VE IR R (] 7). &
K 8) MZE K (K 9) 75t T 452G 1Pl L I g
B IR RO AS [ B, PRI ToU fabr; 1B 62
2R bRyt L SV i ToU B, <K /N5 Robj
FabR IEAHSG, M BARIR 45 & o] A AT B HIAE R
IS E R (B 7) e 2
S H bR ST S0 T IR, 6 B I RE TR AL
R B . X B SR B ToU {8 2 i 7F 51.54% ~
65.75% 2. [H], Robj &b F 71.34% ~ 78.97% (13
il A SCHEE R B, ToU 1A 2 69.74%,
Robj 4 81.86%, M W4 br 2 m T B A % LBk, &
AR SRR AR O IR S5 A S U ARG v RS I PR H A5,
1EE K5 (B8) 1, HAEX H b5 IR 45 HE A
M2 T B v R X LB VE 1 ToU 7R 53.75% ~
66.24% 2 [a], Robj 7E 73.20% ~ 78.14% J5 [ . A
LHEIER ToU 1A E] 67.92%, Robj A 80.41%, FIlHE
MR E E AL AEF Rt (K 9) H, AR IR HUR 2L
I R AR AR, 380 T H bR U A R b B
) ToU YE I N 51.95% ~ 64.49%, Robj N 71.55% ~
78.76%. A SCHE IR K E AR, IoU A 69.48%,
Robj /9 81.03%, 7RI H A SCHRIEA R T 55500
FUE 0T  AN R 2. £5 b AT il AR SCRVEFE R (A]
FRBFERELGFRAT FHRLERNEHESE
W E.
2.5 JHRASEE

1) FEHRZ T Rl S5

NS UE T & AR e AL HL 2 AT 55
(A RCPE AT T RS S8, 25 Rk 2 FroR. AME A
AT ] BB, B ToU A 53.74%, Robj N 75.46%,
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IoU/ %

ToU/ %

70

60

55t

65

ALE]

ETN

K

J7 46 EPS

LA MR

=

55

K

B kb b o B ARAR R 0 AL & AR )
gg

[oU: 62.68 %
Robj: 74.85 %

loU: 57.55 %
Robj: 74.43 %

[oU: 51.54 %
Robj: 71.34 %

IoU: 63.23 %
Robj: 78.97 %

ToU: 65.61 %
Robj: 73.81%
IoU: 64.25 %
Robj: 78.35 %

ToU: 65.75 %
Robj: 77.53 %

ToU: 69.74 %
Robj: 81.86 %

il K /e Robj {8
fi2/NRobj: 71.34 %
fi2 K Robj: 81.86 %|

ikl Hik2 53

Hik4

5k Hike

E7 BEZEREARTRIAXIEL

ik

A

ToU: 59.22%
+ Robj: 73.20 %

IoU: 56.25 %
Robj: 73.40 %

I ToU:53.75%
Robj: 75.67 %

IoU: 58.45 %
Robj: 78.14 %

ToU: 64.83 %

Robj:77.94% 157 63.84%

Robj: 72.99 %

IoU: 66.24 %
Robj: 79.79 %

[oU: 67.92 %
Robj: 80.41 %

SR/ =< Robj {4
/N Robj: 72.99 %
54K Robj: 80.41 %

ik k2 53

Hik4

ks Hik6

B8 BEZAESRIARTRIIEL

k7

AICEE
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70
ToU: 69.48 %
Robj: 81.03 %
ToU: 64.49 % - 5
65} Roob_jrj7_4-4_3 % Robi 7793 %
loU:v62.37%
© GURLOZ%| Sogkanas”
< 10U 60.19% Robj: 78.76 %
5 Robj: 73.40 %
c 60 |
ToU:54.52%
551t Robj: 71.55 %
ToU:51.95% /:L?J@ﬁ/t‘x 310?5%
Robj: 73.81 % Tk Robj: 81,03 %
=073 Hik2 Hik3 Hik4 HiLS Hike HikT ARSI
JUN =
E9 BEEEZERIFTTRIXIEL

Recall & 71.41%, Precision’y 71.85%, F1-Score A
71.63%. IS HEES 22 T 5] T fil A B (CIGF) J&,
TG b 254 B B AR T, ToU ik 2] 62.51%, Robj N
77.69%, Recall. Precisionfll F1-Score 73 %l & & &
75.06%- 73.36% Fl1 74.20%, F B CIGF f R GE4%5 H
R A RIS Bl &, JE AR I . 78 k2
fith 51 N4 SR RRAE 25 A HE RS (GFSM), 1581 P g
B3 — L3, ToU F+ & 66.61%, Robj A 78.56%,
Recall. Precision #1 F1-Score 4354 75.87%- 74.28%
H175.07%, 2B GFSM A X} 4 Ja Rk E47 A RO,
N R URAT 55 finics B 4% B8 w0 ) 0 R AE R AL 24 [
I F S AR A5 58 B 5| SRl A BB (CIGF). 4 RFFHIE
O E 2 (GFSM) Ml £ I8k 57 87 38 5 i 1 2%
(MRED) I, #5211 G818 3| 5 1%, loU ¥ 67.79%,
Robj & 80.62%, Recall. Precision f1 F1-Score 47 )
N 76.57% 75.95% 1 76.26%, 14 T MRED 7 3=
B RHIE B2 BT L SR TR IS B2 7 TR AR AR . 25 B
BT, A SCHTHE IR 3 AMEHAE 6 A AL L 2R A )
BIRe RAEIERVER, BLPp R i A 20 R o 4

2 IRHRHRRSCINEE R %

GIGF GFSM MRED IoU Robj Recall Precision FI-Score

— — — 5374 7546 7141 7185 71.63

Y — — 6251 7769 7509 7336 74.20

v \ —  66.61 7856 7587  74.28 75.07

\ J v 6779 80.62 7657  75.95 76.26
2) YKL T R S 56

it — P RIE & BRAE A R 3 5 T Ak B2
B, BT 55 K WA TR 4 S ) T R Y Rk sk
56, 2 R UAH BRI, W 10 s, BL SR
P Oy HE e, BERLTE A ToU AN N 51.71%, 55 K
52.29%. &K 54.35%, %175 Robj5 F1-Score th 4k
TR, S B H e B L AR AR A 3 5 1 P
REAH XSS, HE R (REWEAL). TR (=T
R)EE Ry 5T, FHERAES ZBSRE RIA
B BINESELAS AL B 5| T Rl-& BH(CIGF) G, & )14

AE4R Tt % . 2, ToU. Robj. F1-ScoreX) W] & i03% ; &
K IoU T+ & 61.32%, T Kik 63.09%, % ik | CIGF
X2 A BIRLE RE ), CHIERCRE. 55 R5%ED
HeOMMN A JR R AIE B B A HE A (GFSM, A 4H &
4 CIGF + GFSM) J5, % [H] IoU # — 3 #& 7+ &
67.55%, TR ToU ik 64.73%, %375 Robj 5 F1-Score
[FD AR AL, 3200 GFSM RE & 4437 5 finics 38 HH) )
JIMRRAE. FiE 51 O\ 2 8652 7 38 9 /R A5 2% (MRED, #5%
B4 49 CIGF + GFSM + MRED), &1 51t g ik 3|
BAR: 1Al ToU ik 67.66%- %Kik 66.03%. FH Kik
67.08%, Robj #1T 80%, F1-Score % 17 5 i 1,
PRI 3 AN BB RIS, 27 b, FTd i 3 itk
TR R W T REAF = F YRR IE mfE
FH, Ll [R5 R s R B 4 1@ e A AL H 2R AR W 1)

3) CIGF 4L 5 i rl S 56

Nt BRI RS B 5] kA (CIGF) fit
PG 0 S AN [ R SR W G o U 4 e PRS2 e, T
Ji& CIGF HEH 2t b By i s i, 45 ik 3 s, 4
CIGF K H “Fi .28 Infh&" HuK T, ToU 2 62.28%.
Robj “478.43%- Recall & 74.37%- Precision *A75.48%.
F1-Score A 74.92%; K “X ) # ## fil A7 55 0% B,
& TR bR 3945 Bk — 2R T, ToU 1% 67.79%, Robj
79 80.62%, Recall. Precision #1 F1-Score 4} %l # /&
Z 76.57% 75.95%F1 76.26%, 2% B 48 [} “X [ 2
ARG SRS AR T “Tal B B IR G B REVAR FE 12 48 A
AP EAME, 3F— Db R Em A OR, N 5 82k
TN 55 A T AR5 PR ARPALE ST .

4) GFSM 41405 71 fh 52 565

NIGAIE 4 R AR PR R HE RS (GFSM) &2 R
FEGRAE, bR SO S WU R B R L T R
YL BE T MR SE G, 45 R ANR 4 FR. Y4 B2 RE
B3 I, R T 2 RE + R g
(15 (IoU N 67.79%), IoU R &2 64.90%, 284055
NRE, RKHZ REER S T F &R IER R ER



B3 Bk & A THESTLRRES S 4 ARG LA G &AM 649
T A ToAE R i A X CIGF
(FEUERLHL: To AT B ALY CGHEXS T <o 3T
F; 52.29 74.23 71.05 78.76 73.21
20%
OE 5171 74.85  70.45 iy 78.35 74.58
N AN 2
S
IS
n o~
E? 54.35 74.85 71.88 75.88 73.66 15% E 1:2:;['
iz &
ToU Robj F1-Score IoU Robj F1-Score & g;
Rl g b PERESEER | =
BRALE: CIGF + GFSM Wil & CIGF + GFSM + MRED || K by
(FXS T “fLCIGF” BT T (“GIGF+GFSM?” [T 110% o =
= &
® K 2
R 65.38 T753: 74.47 R 66.03 79.79 75.82 EE
&
= B = [5%
&k = k=
N (755 78.97 75.07 Ky = 67.66 79.59 76.35
K K
i 64.73 78.35 74.64 i 67.08 79.38 75.78 L1 oo
IoU Robj F1-Score ToU Robj F1-Score
E10 IEHRHRL ST 4k A ST E
%3 CIGF RIS HRASCIE R % H 67.79% 80.62%- 76.57%- 75.95%- 76.26%), H i
CIGF#E IoU Robj Recall  Precision)  F1-Score MT “BmBErEt—a5 %" 1 FOL, R Z REaE
gigi 6228 7843 7437 75.48 74.92 5 F N SCERBAAE RIFIEh RSN, 345 6m
5 F 0L DL R Z2 PR 5 K BE B8 OC e A4 B JE R AL R
ﬁﬂ%?i 6779 8062 7657 75.95 76.26 e L s s i
ARG FEZRAE, N A AT 5% gk B 240 ) 77 1) 4 Ry e
_ 4F 1 H LRSI RS
=4 GFSM BN RS R ” AiE, a3 T A T B2 T o AL FE 2R A W 1 i
GFSM e IoU Robj Recall Precision F1-Score 3 g—g ‘&
BBRERERESST 6490 7670 7462 7391 7426 AR SCEE N TE AL A I IX — A M A, 2
bR L SCRBEST 66.94 7773 7555 74.69 75.12 T —Fh AT WG5S AN ) B RS R T
ﬁﬁi%%g 6779 80.62 7657 7595 7626 W R s RS AT 0G| SRS B (CIGF). 4= A%

fIERE ST, X ToU [T S B SCBEME H, A B T3 41
H AN [F) R BE TR (AR AE, DA A ) X 35 1) 22 B A
FE. 24 “FERR bR SO S S I, MR i 2 R
FE + R SCEBE 11 DL (Robj N 80.62%), Robj T
B2 77.73%, ZALE R 3, £ B R U S
RE SR IL A PE B RRAE 1) SRR 5 4% 34, X Robj FIFE 2%
IR, AT AR A 55 H AR X Sk Dk IR A
HHEAZRES ERSCEBEM 3 F (R
GFSM [A] i R A X053 S A - AEE ), T [ ToU
Robj. Recall. Precision. F1-Score 1A 2| f flt (43 5

fIF 55 M AG HE 2% (GFSM) Al 22 J8 7 17 184 i Al 1 3%
(MRED), J¥ Bt T B A Bl & 5 4 R R IE RS 1
M BLEAELE, BT T 2 AR = N IR & R
LG 45 BRI, PRt ROVE R (FPS) ik B 47.62,
454 HAE ToU. Robj. Recall. Precision & F1-Score %%
o Fabr B RAOLE, w2 A IS FE 5 S 4 ) X0
H TR, HAER R R 55K BRI ) 5K B
PRI S AR i PR v, 7D RE ORI s FE A PR e, A
TR 1AL G 7 VEAE B2 G AT T 1 S 3.
IE Ak, I Rl e e i — R IR T TR & AR
A R, AR BT BE 2 B, AR SCHVEAE ToUL Robyjs
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Recall. Precision & F1-Score $& #5 I 43 il & & 1
14.05%- 5.16%-. 5.16%- 4.10%- 4.63%, % ] CIGF.
GFSM #ll MRED 1 ¢ A AL HL 2 sl 7 R % i 4% 1E
/R A, o A8 A B ROR B AL 28 BTk, Frdg
T7VE AR RTC NAL FL 2 A W 1r) AR AL 1 — FhA 2%
R, EA BB R R SR SR S A .
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