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Railway Foreign Object Detection Based on the Fusion of Global
Semantics and Local Features

YUAN Huaming', XUE Yunlong', XU Jian', YU Haofan®
(1. Shaanxi Jingshen Railway Co. , Ltd., Yulin 719054, China;
2. School of Information and Communication Engineering, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract; To address the issues of poor generalization ability of traditional methods and high false detection and missed
detection rates of deep learning-based detection models in railway foreign object intrusion detection, a railway foreign object
detection method based on the the Fusion of Global Semantics and Local Features is proposed. By decoupling the detection
tasks under different lighting conditions (day/night) and camera modalities (visible light/infrared), and combining the
YOLOvV7 detection model with the semantic understanding ability of the BLIP multimodal large model, a dual-threshold dy-
namic determination strategy is constructed. The YOLOv8 segmentation model is used to precisely extract the railway track
area to reduce background interference. YOLOv7 detection models suitable for different modalities and lighting conditions are
trained, and low-light enhancement and noise suppression techniques are introduced to optimize the detection performance at
night. The BLIP model is used to perform semantic analysis on the images, and the detection threshold of YOLOv7 is dy-
namically adjusted based on its output to balance the missed detection rate and false detection rate. Experimental tests show
that the mAP of this method on the self-built railway foreign object detection dataset reaches 88. 9%, an improvement of
0.5% compared to the baseline model. On the real scene test set, the false detection rate and missed detection rate are as
low as 1. 09% and 0.22%, respectively. This method has good real-time performance and robustness, meeting the engi-
neering application requirements in complex environments.
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[l (SVM, support vector machine) £l I 4325 %
Y. JERARI/REME WA (Kalman Filter) J8 ik % #E 17
HpriReEs, WEBRIERMR T4, SCHk [3] A SVM &
i E B AR — 0 e R (TF-IDF, term frequency-
inverse document frequency) 7284, @ F|HBIZE N
HFRAESR TL7r 26 R RE . STk (4] BFxb 5 22 20
THRBE 7 22 A e R, $2 S 51 AR A w8 0 43 A AR AR A B
PR EAT AN BN R AR, AW, b TR TR
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WA BRUZ, DU TR PE e sk (8] W2 AE
YOLOvS & # fr 5] A 7 CBAM (Convolutional Block
Attention Module) VR Sy HLHI, 3558 T A I AL AL (19
fESRECEE Ty . Ak, SCHR [21] B T 2 F YOLOvS
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BT COCO, VOC 45 WA I % 4 4 JE 17 BN 25
BHs B HARTEARXT B —, ASRE 3843 FHH BHR H 1 IR 2
HCE R AR R R A A =S ). s ) 1 &2
T BRE T AR RIEF B (i GPTY Y R
H) K JEE 2B KB R (4n CLIP'™ | DALL-E'™
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SR B SR, BTSRRI NEA RS 15 E
T Z BN A RAIE . 2 AR S R B AT LR 5 2 Fh Al
W E X HAE S, WS & (VQA, visual
question answering) . B CA i, B XK R %, H,
BLIP £ %! ( Bootstrapping Language-Image Pre-train-
ing ") EICHR [14] 42 i — A BT 005 ] 2 R Al
EAETAT 55 1 A, BLIP 5 1 45 & B% F SCA B
AT, B4R TH AR X A A TG S IR AR R T .
AR 72 Y 4= BRI 5 TR 00 4T 45w, i 3o 3098 BLIP
AR I ) FL4R 0] %) 5 =K. AT DA B BRI 2 1Y 38 L
GO NI TH5E M HEGR 8 . REAR 5 5 4 1) T A
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1 YOLOV7 # M H % 5 BLIP £ A5 B &
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NEXT IR, WG AME NG AR ERA TR
TP RE . L BB BRI 55 % (M1 Faster R-CNN-)
FEXE B b k. TR B BRI Bk (o YOLO™™ 1
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AT E A, A EEE X EMEZES G,
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Sow = Concat(fo sfisfosss fun)
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railway track?”. SRECE (% b 0 6B 0T B %A R
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0 &85 5 0 ok s RO ) o R 40 3 1) 1 4 SR A e U
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RO B 2 —, FLH IR R B R 51 O 52 B E 4
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BrHZM o . R, XFOTIETEE A A B
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G E Tk, WEERE TR X SRR R, R
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YOLOvS 1557 g % 38 1 K 0 54 2017 0 20 9 U1 25, A
I FRATEE R A [F) B0 58 37 5 10 £\ R AE Fom . KOR$ &
TR AP R AT SRR . R4, YOLOVS 434570 %
Fr S 0, A R R R, B TR R G
B ST AR AL B SR . It . YOLOVS 4y 46 R 7 2 5
DX 3o AR ICHR B 07 P A Ak B M AR e R I T Ry Sk
o A5 H AR U T
2.3 YOLOV7 f#iB#&m

Rk It ah . A AN (AR, B 5
PGSRBS (TG, 2040 mAsfh. ARSCHR T —Fp
F T YOLOVT (8 80 i ki 7 22 . % 07 3838 2 ¥ AN [ ok
HEORI A% BSR4 B AR A I AT 55 43 590 A 48 Ay 0 ST 114
RS, AT TSR FE & 2K e TR, BRI
R RSIEPN ORI A N L SRS AR IV EAN
MBS, oy BIBEE T s B R L ST R Ak A G
BRL, AR T RIR BB S L TR ML SE R 1R, 42
o T BRGNS B R R, [ B A A D TR
H#E.

— BT . R G BRI AR R, R
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] %) 1 X 18] AT D0, 6 R0 A 8] 21 4 19 A 0 485 3k 1E A7 4
st . BARW R, X FRM A OGRS, wER A
OB B AR Can B 7 B ¥ M5 ik . Retinex %) 2
FHEME R SE BEFNXT FRE . HESmAN R ARJE . N M
P . an s R AR R A L, KRR
MRS L R SR R RS O E AR A DU PR RE I T .l g st
BEXTVE Y e L S RS AE AR ) T DO AL AR R H
A I o BB T G b 3 A [ O BROER IR L 4 R A 0 A
PR R Rk B AR R SR A T AT A IR T R
Al SE
TAh s WEUHI S . FEAT T, FRATER X4 E
SEAT % 2 B HE T YOLOVS Fl YOLOV7, YOLOWS
FIAT IR 73 50 Sk 2540 . 2% o 21 s 1149 52 9] 5 1 AE
J1. 3T RS 00 A PR R AT 55 . R4E YOLOVS
TEHE S 50 RO 5 . (HAES 8% 3 5 0 H bRl AT: 55
o FRATE S A B YOLOVT A K B AR % % J7 T
R, YOLOv7? % anchor-based 284y, 2 T 5
KA SC I PE A . B, D TR R ES BRI
B, TRATAESMHIEE 45 R0 T YOLOWS, i 76 Ko {F
kT YOLOV?,
2.4 BEHEE: WHERBHZE
h T RSB E T R RIS, ARG
4547 BLIP 2 /2y BB 5 YOLOvVT H bR A i #5 He
3 3 XS 18 ) SR s R A A S H bR B U A k.
S, BLID BETLIE AL 42 5 48 2 £ 5 A6 B 017 R 25 94
HARSeyt, RSy 3] . “Is there any foreign object
on the railway track?”, HRIE4 A MEZ, BLIP # A £
WS AT AR “yes, “no” B “train”. KU
BLIP 5B 506 7 YOLOVT K324 5 4 i
A B AR MG . DT B o A A T S — 20 Ak B 2
) H AR
HAikdh, & BLIP 5 AR N A, RGPS BLIP
P28 58 oK BOE AN TR I IEL 0, 0 R fELE LT o
0,sA = ‘no” or A = ‘train’
0= (D
{0,,A = ‘yes’
AXrb. 0, A BIE, 0 MREE. X T YOLOVT 45 i
HIE ARCIU H AR o, JLEAFBES s AT 45 00 A
IS AR HAR p o
0;s5 =10
S P @
b, O F R Y BAEBART WA E % HARMER . A3t
AL UE R AR .l X R B T BLIP 43 28 45 51 1 WL
AW, RGBS ML I 5 B 17 0 2l 2 18 8 A6 ) 1 A Jek
JE. 16 “yes” BYNEOL T . B BY B H BE 88 A 812 I
YOLOV7 iR 43 5 R AE . AR A3, 32 71 X it

ANERER S H AR BRI BE J) . T AE “train” Al “no”
BT RGERMA BRI, $ETH T B AR R G R A
Wik fRn . Zad BUEE A W 38 S 9 YOLOVT A6l
45 L 2 WA e 2T AR AR R B HEAT IS S 1) S s 5 ot
BAhk, T NLTERSREIREEIT.
3 XREERSM
3.1 ZBWHESSHIRE

SRR 2 S R B a2 1 s .

* 1 LIRIFEL

i & 44 FR S8 ORAD

BIERG Ubuntu 20. 04. 1
CPU Intel (R) Xeon (R) Gold 6226R CPU @ 2. 90 GHz
GPU NVIDIA GeForce RTX 3090 Tix 2

HHE SR PyTorch (1.11.0)
CUDA 11.3

TEEE T YOLOVT Ky fiff #5 A DU A58 20 I 25 1) ook A% o s
KFABEHLAL B T ¥ (SGD, stochastic gradient descent)
DAL 2 LA US55 1 i AT 38 e 0 08 KU, o T 48 00 i 2 )
RPN 0.001, ZHEFE T K 0.937, % 4k 2
(Linear Decay) 2% ] S B HME , 2% > Ty 220 B &%
BN 0.1, LK/ (batch-size) &N 16, iy A B &
KN R 1 280X 1 280, ALYk 250 4.

TN BLIP #2 #Y 3 47 3% 98 05 batch size % B N 16,
o) RuCE Ny, ARG E 205 A UPop #1757
I T T ) R AR B TR A S B E Ry 0. 014 4, B R
TR 5 A A R P R A S HOR E D BRI Rh AL A )
RIEE N S YOLOvS #4711 4Bt batch size 2y 16, %
R H A 200, ToU BMEBLE A 0.5, %) R EA
0.01, E%R SN 640 % 640,

3.2 HIEERESNE

ABIE 5T R A T BRI T 1Y S W AR PR 35 B A DU i)
B, Y m BRSBTS REE, Sk e Ra
LM, RN, WRBE ST Az,
RE A B RO SR, HIk, b TR A
SCHUH I I8 & S5 A B S R D B s i e . A SCE
TR ALFIF A A T BRI S AR B st B R A kAT
PWEHMRK, 5 COCO & FF I AR £ AH L, A
140 B% b s B0H e AR B B AT SR S B . DR E R A
WETMELIG . 2 RE. HHEZ 5T @ HE,
T A T [ B — T 5 4 o S B B ARG HE T I . PR
A FIT IR E B . AU S BUES Hisiztk . W
ik E, TR MBI i 07 AR IS A . R
52 2 5N L.

AHHE SRR T 53 A BRI AR AR HL A M
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HAEW, 4. BT R SRR A ) B R R A © 39

PUATRCHE » H T B0 A W AR Sk 1) 2k B 4 B R 2 4
ETARRAS . BESREBI MBS b, BB L LT A
R F BB SEGEEE, B +aalR,. BE
FREARK R 22 S ad K. RIBL . AR SO 52 3t R 46 A 2R B
EGENT =, SR =T Rt B 2% s, RH
Copy-Paste J7 & #1784 1% .

HARM S, EARRATNESE ik X 9. Tk
P4 L RE I M7 e B 5 0 1 R AE S 1 B . N PRIE SR
Srh AR EL . BT A T SRR B S — 4 i & 1 280
X1 28018%, HHRETARLR (WA, FXK, FKX,
ER) 5oL (K. WA R RHELI AN R 2R
£575 98

RS IR BB R AR R fatE” 5 R A e
PE” PIRIEN . @ fath HAR RIS gk e R, Thas 1
XPAT 48 AR ™ FE I 285, AT N ESE 3
S SR H AR AL TR I b R L Y 3 BR ) B R AR
Wi T T H . AREEY R AEER %, BRSO

=2 i,

T2 BERUETRIHESHEXER

SR NER T IS HERRE FEARL
i | W 200
TA HE 217
B1T % i 99
FEFL A i 102
) WE 148
e W 77
ik E¢2 100
B A% — 89
(7318 EE 108
i W 101
/i — 135
] — 99
KT — & 100

e R R RE b U D RO R R R ) L S
P ATET TR AL £ B B R G AR .

D RESEMITHES: AR AL E SR % AL
VP s A 2 R LA TR B SR W 0,
B ROBE V[ P AT BE LA, AR AEL O R /N Y
RNy

) CMEBEM S TEMWE. RE20HETR
R 07 B 10 JR B S AR I B BT I . B, i
J7 PRI DU JE 53 0 i S AR AR S BE L R LG B R A B AT
E—Ak . TR A 5 R R SO IR SO T — 2

3) MGF AL B T B AT AR 2R AR B
FRATR AT 0 10 G AT oy BRI AL B, SR 5 5
SEZ MR, AR,

4 BIEEAA R D PR TH A U AR B S ) B S
FRATARE 5 5 FCURT7 180 S A S MR A BT i
BN o % I dy S 280 T AR g S A
BRI B IMAERT 51 R Z .

R & BRI A& 5 iR o g BTIR ., ZEFRAT]
SR A A LSRR B B Ak B A R . R 3R]
WG 4 367 5K BBELLAMEIE 3 395 5k, T WL
JeIER 2 232 5K, W ILHEAT AR I H b b i A4 R 2 KA
TEa . sk s i B e 5 VQA Bdlsdk .

2025-01-13 10:11:22

oW

(b) AR RIAFRA
RIRA AR

(a) AR R FR
PR A

(d) BRI AT 6 PEHE
RIRE BB

(c) WIRLLSM k" 1 B
BRER

{5 Copy-Paste 5 Z F 3 3t & Uk L 5 1) 11 15 91

3.3 MR IERR
R TS A TR VAL BCEE ST R S R D AR I ROR
S A FL BRI B (88 b A% . B
Ty AT HER PR PERE A . W TG E AR A U T A 48 B
K5 % (Precision) . f [ % (Recall), F ¥ K5 &
(AP, average precision) Y #J4F F ¥ {H (mAP, mean
average precision) , HFRXXINTF .
TP jee

Precision = m v
all — — TP
Recall = TPobjcm —+ FN(,[,Jcct (4)
1 N
AP :N,Z;PFeczszon(r,) )
— 1 .
AP — ! ;AP, (6)

Ky TP~ FPoe Fl FNoo 98X B A5 89 58 31 4
B, R F RS PIRRE R, AR E R, Rk
mr.

FN

R ~ TP,.+ FN,. (D
FP e
Ry = m ©

F, TP FPo. ® FNy. R 8% EAGR 0 56 451
BRIC AN, R T A R A S VR RE . R T
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o34 %

% (FPS, frames per second). Z%{ & . 4t #EE 0.
FFFPIE S8 B IR ¥ (FLOPs, floating point operations
per second) 4F#H ISR,
3.4 ZWERSW
3o4. 1 K DA AN LY S 5

AT U AR SCHR AT L B A L SR AR T B A
R S AR BRI b ) A e, FRATTE LS A H AR
R 380 AT 7 X L SE e, AR HE SSD. YOLOVS
M YOLOVT, LB &5 3 fim .

3 XL

S A Precision Recall mAP
SSD 0. 860 0. 866 0. 860
YOLOv5 0. 894 0. 709 0. 816
YOLOvV7 0. 953 0. 886 0. 884
Ours 0. 953 0. 891 0. 889

e, LI R EW, T LA Ok et
YOLOv7 B4 76 A6 100K B 25 08 24 8 3 9 /9 H Ax
Kl vk, 5 SSD A, A SCHRTE mAP 865 L2 &
T 2.9%, 5 YOLOVS tHtL, ARCHTIEN mAP 2T T
7.3%, HAEEZ+8 5T /Y B AR R i e B R fa
AN, F YOLOVT AL, it 5 MRl 3k 7 mAP I
PTHT 0.5% . L LRk, T L g5 A 0 R I A
T TE B S 13 BRI AT: 45 v R B T A 5 1 M B AR
P, AT A F A A A B B R T,

3.4.2 WA ECT BPERE ST M L g

N T I 4 T VA 3 2 A R R R BB A
AR SC N H FR RBE RGBS PSS L ) A5 1 R A
AWMy B M REIEAT T R GE WX A # .

D Z R H bR A I E 4 #r -

B R RYERST MBS E2REE, KA
TR BN EAS S5 33X 45 00 0 R0k g RUJBE 33 O 1 4 R
TR AR . BRI — ), FRATIRER T R, P
AINZFPREE S 2SR H bR, RS R RE HAR (R4,
T, PREBR (B, K4 AV/NREBR CA
Ko HEFD . XL AE X S H bR bR 25 B k1T
T ARG, g8 mEk 1 iR,

F4 HBE XL R BE BRI AP 2538

WO AN | BB | 4UE | Ak /ieh

SSD 0.925 0. 881 0.865 | 0.870 | 0.832 0. 815

v 0.928 | 0.875 0. 841 0.842 | 0.753 0.738

v7 0.955 | 0.916 | 0.891 | 0.901 | 0.842 0.825

Ours 0.948 | 0.931 | 0.898 | 0.910 | 0.863 0. 851

THLOREW] . . AT NFRRER L.
THAFEAR BB F 6 . A& 2GR I 3 15 2 RE IS 82

RbERe . PR A SO i 5 AR 4R YOLOVT # B A #0F
R, HR. M. KL D SERERE LS
YOLOvV7 LA L, A LAE AP {E b2 B0 53 e 2
Tt FEREIEZ Ry 0.8%,

AR A /N RO B AR AT B A T A
BRI . X F Ak, TSGR E Sk, H
Sy 55 SORVE R = X B AR, FE4R YOLOVT iy fig B
WAZBR, MARSC RS T “EEER” KM, XM
ARB YRGBy A S BT 2. 1% 2. 6% 1 B
7t

2) ARG BSR4 B A 0 B 40 BT

BRI UT R W R I T X 24 NI ESE T AR, B
W FE A% 1 Bt F ) AR AT AR Ry 2% . O B E 45 VA E R
[ OG BEOR S R i vk, FRATIE AR R 50 R AT
WIE” “Rwgl WE” 5 BN =ATFHE, IR
FIPEAL T & RIEEAR T4 L1 mAP R, 2580k

5 Frm.
5 AFFETEAFDCI AT I mAP 8521
BRI | BATWE | RS
SSD 0. 875 0.792 0. 801
v5 0. 831 0.758 0. 765
v7 0. 898 0. 825 0. 833
Ours 0.911 0. 863 0. 869

SCE A A RW]  AEHE AR M AT W R B 41 51 A5 IR
R MR I At AR SCHR I O R R
SR B B . mAP 4y i B YOLOv? 42 7 3.8% M
3.6%,

i b, ol X2 RE H AR LA K 2 REAE 6 B8 45 1 1 T
AGHE s HE— 2B B0 T A SCRT 4 9 38 T &2 R i L5 )R
FRRAE Al 1 7 T AE B 2R R B v b g L 3 M RE AR
BEEEME, JUHAENREE B BRI AL IR BT %
MR .

3.4.3 RGN RLSLL

R T B AE BLIP 42 J5) 43 2B B YOLOvVT #5271
PR I S AR SRR v i A At BT T TN A sk
B 4 AP YOLOvV7 Boph 52 % . BLIP 5t 488 Y |
YOLOv7 5 BLIP Bt 458 6 2 48 5 Wy il 5 5 & g )
W . b T I IE IS SRR . RITRA T HS R
S 1) LI ROIR A R A . IEAN R G IR R T AR R
gE, S A AN 6 . ik fE YOLOVT 1 i
g in A BLIP 43 251 & i A W7, RATRE 98 78 & )=
LS A IE O R A2 AR A SN . A R AR R . S
., YOLOv7 5 BLIP B4 807 (1) s 4 % | % BLIP
RN T 1.92% ., B YOLOVT B — B R E T
0.44% , BLAY BLIP {4 Jm {5 B AL B AR J1 A1 YOLOVT Xf
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HAEW], S T AR TE S R R E FLA R KB e ) 1R BRAG T - 41

/N FBR B9 % E 52 30CRE T 3900 S i R0 R B 1 ok B
TEH .
*6 IHRIEE R

S T YOLOv7 BLIP AR T 4l %
1 X J 0.00% 2.14%
2 J X 1.09% 0.66%
3 J J 1.09% 0.22%

25 LTk, BLIP B AR E & T YOLOv?
BRI ERE . R B FEE BT, 42T THAY
PR PR R IIRS B, E W] T & R o A E 5 R R H AR A
A TR0 45 45 1 A0TE
3.4. 4 HUEE PR bR S 5

J T VAl YOLOv7 5 BLIP J8 & 25 4 455 8 (1% 4k 2 5k
JE . BRATEAR /3 P T X BERL AT 7 ik . I
5k NVIDIA GTX 3090 Ti GPU, #i A B4 4 3t %
Ay 1 280 X 1 280 F 640 X 640, fEATUESY HE R T,
YOLOv7 B ¥E 1} 30. 8 ms, i A BLIP #H 5,
F BLIP #EH} 135. 1 ms, &M FPS Kug A FRE. 3k
7R . YOLOV? 5 BLIP i % 45 & 155 B 75 K 42 T+
) BsF s AT RE 2k 75— R O T P R . S0 A A RS B A
AN EARRE I B8 7 b A SCHRE H A A A R E RS RS
[ B 3 S R B R U0 RE 4 B il K I LI

EWEENT R,
T B S B G T G R
ZRR/M | AHEE /ms | FPS | FLOPs/G
BLIP 361.59 135.1 7.4 186. 12
YOLOv7 70.4 30. 8 32.4 360. 0
YOLOv8-Seg 16 10. 61 24.6 220.5
4 HRIE

AR SCHE T — b T 255 00 Bk e R PR st
B RGN X 4k B 1L M A R R LA PR A 2k L O IR
ARAE VL B HR A I B PR AR, BE3H T — R 220 i
A A ARG DN SRS o 3 A S AN TR Ol BRSSO R B AR Sk RS
CIE R AT WG B AT WG, Z0Ah) ik A A6 2 gk 4
ARSI IEAE AN TR R8T J B 10 558 v 1 3k 7 4 R A 0
PERE, JUHAEMOLIMZ AT 5T HA BE N . I
S ARICEE AL AR 5 OO, 4R T 00 fEA)
SE MG, RERE AR 42 S 73 & 45 2R Bl 45 R R I 1Y AUk
JBE . XA HEME AN OUA BT T AR HAR B IRS L . B
T, R TR B T RS 2 RS
P LTS5 N IR E PE AT SRR . SCER R T, Ot Ie Y
BERIAEMERG IR . TH AR A BT I FE Z (R A B T 4L hr 19
A, HORA BRSNS R .

SAE AR SO W 007 1A S Tk I S e
AR AT T I — L Bk A, AR o K AR A A
RORFVEG A6 1 Z AR PR IR, ROk . Bl 08 4 1) S W
7R R TR R (DA A ) 7 A R E R R 7 1 ) 5
T 3 — T8, AR SOR HE— P BGE L. RS
1422 s A7 S I B Al &8 9 HR 30 FF

25 3k
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