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Abstract: To address the problem of decreased separability
between defects and background due to uneven gray levels and
noise interference in complex rail surface images, an adaptive
local trend background modeling and neighborhood consisten-
cy two-dimensional maximum entropy method for steel rail
surface defect detection is proposed. Firstly, the background
1s adaptively estimated based on the local change trend of col-
umn gray levels, and the differential residuals caused by col-
umn-wise brightness drift are suppressed ; then, by combining

gray contrast enhancement and defect proportion limitation,
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the gray separability between defects and background is im-
proved; further, the neighborhood average gray level is intro-
duced to construct two-dimensional statistical information,
achieving adaptive segmentation by maximum entropy, and
morphological reconstruction is adopted to suppress residual
noise. Experimental results show that the recall rate, preci-
sion rate and F,-score of this method reach 92.8%, 92.6%
and 92. 7% respectively. Among them, the F,-score is high-
er than that of the comparison method, indicating that this
method has better comprehensive detection performance under
complex rail surface conditions.

Key words: rail surface defects; background subtraction;

maximum entropy ; morphological reconstruction
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Fig. 1 The Defect Detection Algorithm Process of This Article
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Fig. 2 Analysis of Rail Surface Grayscale
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Fig. 3 The Results at Each Stage of the Method Presented in This Article



% 51 &5 51

EARSEAE T B IE N S22 005 T A R N B4 40 903 AT R I A 135

F1 AEABTFENHHFET Mc.Bev &

Tab. 1 Values of Mc and Bev Under Different
Background Difference Methods
E0 Ik Mc Bew
BGD! 152.6 128.6
DPL_BGD'! 154.5 129.9
GA_BGD!"? 156. 4 131.7
AT 158.5 137.7

N BT H U fE B 1 iR B dp=0.05,0. 1,
0.2,,0. AT LI 45 & 4 BT 7R o & HUE T
4[] 23R RIS B SR B AR 5 76 91% LA L JFHE dp=0. 3
B 3T BAS 55 P 5 2R L 3 B AR SC O ik e A R EU(EL Y
PIXT dp 1) SO A1

AR LR R E R N T, 2 RS T
SR BT P T ORE DXk, G 5 . S ) A
TR K X8, 3 © B — W K T A
R BE T AR R IR AR . R A dp IS
FEL A ke g DX 358 ) = 8 i) g L 55 9 e 22 Tl
FEXT 25 S REAS B0 B, A B /N IE B B . Y
dp (B 3k /Nl st KR 5 S R 5 b £ SR B
Z[6) 1 S AT T A R A T 3 RORS B R —
E TR

% o—a B RS

05| /.\. N
£0.94 \ \
:j . .\ .\:
ﬁ 0.93 '/. T

/ /
0.92 0\
[$)
0.91 :

0 0.1 o.lz 0.I3 0|.4 015 0.I6 o|.7 0.I8 0|.9
dp
B 4 5RBEBR & B Bl S B o

Fig. 4 Analysis of Defect Limitation Proportion Parameters
2.4 Rk AT

SRy B8 U 45 A58 B e A6 T BE % STk, A SO 4R 1
LIF RS 5 R UNE S AR 2 s . AR
B HUAE Re=95. 2% 18 [ 21 Pr="94. 6 %0 B A5 i
o FBEERGI K B R N T SRS, A bR
BIA TF R, ik 3R B B HA B T 0 IR K B S B A
F4) BRI B 5 25 B3 22 4 448 e S Bl o b 051 70 i Ak B
o BE S T e, 3 I 20 A e o 1 5 B g 7 AN
P v B 5 T S n] o PR FH B . 7R B S
T, — & o R e A R0 B A ELAT — 38 B
1 Hy e /b 2 ] 208 38 24 B, X B 1M P A Sk UK

OtsuJ7 i 32 BRIG 1R 2 5 HE/IN KO IE 7 Aii AN ¥ 1 52
W, R {EL 5 A A M RS, TR BB R 3 R R A SO Ik
FIA AR EAT B, P 5 5l B ) Jay 30 38 2 4
1l ICSE W P F W 7, DA I BB 408 0 2 DR A O 48 e 23 51
Rk

i

B2
A nﬂ : y :"..m..

Al
o

sty
L OHRARE A

B 5 HESBEGER

Fig. 5 Example Results of Ablation Experiment

K

icoN ] Otsu

K2 HBMILBER
Tab.2 Results of the Ablation Experiment

7k /7B R A [l /% LB
ARk 95.2 94.6
Toka$4 3 I H AR 88.5 91.6
JCHh i L AT 45.1 43.0
YN 93.2 92.8
Otsu 84. 4 54.4

2.5 AR ks E®

AR ST AT SE 58 # 7F Intel Core 15-7300HQ CPU
(2.50 GHz) .16 GB N ff .64 i Windows 10°F- &
SEN L, BB AT IRy MATLAB R2022b, 4% % Lt
J7 5 A AR R T & s A7 B R 47 ,
PRAESE 50 25 5 1 AT Lk

oAy B0 UE AR SC 1% 1 AR T e L A B 4E 2
¥ B R 5 2% 5 WOV® L BGDY | BGD2™ |
DPL_ME" GA_ME"™ ik ir 3t b L. & F
BB E T :BGD ikt 24 C=2.5;BGD2
Ha=2.5.=0.6 48548 r=6;DPL_ME 54
J7 v A e B BRI LG5 dp 38R 0.3 843 451 7y 4331
LR UL 6, % AR bR X L2 R L 3. 3 3T



136 W 22 1 FRAE B 2026 4E 10 A

FE I A B0 4 2 rp 4 3000 1 1% 1% S 359 2R Ab B
Fif 8] o

MNIE] 6 F13 37T UL, 4% 5 e 2 A% T R I
Wl 22 5 . WOV TEBRFE 5 15 50 K B 22 S5 B K 43
E) R R (B Al RO ¥ BT 5K R IR i e
1% 4> J5) AR 19 48 24 ME s BGD A BGD2 34 % 4 i 15
AT, S I A AE ) S B AR b s K B S8 AR
T S R0 A L v 1 6 AE Jm K B AR AR, 22 o a5 R R
5 5 5% B AR AR 1, A R A B B8 B IX T A
R A s DPL_ME 38 o it b 3] BR ] i 38 1 Btk il B
(18 2 TR A % 42 4 % v I 25 3 Bk [ 45 K A3 A7 7
WA GA_ME #8351 S5 K B E ) S RE L A
SE LT R T 5 25 40 B B AR s T N . A
T LRI AR Z R 2 A T RS T R R e
1) 4y B 25 5, F,—score I 7, °F ¥ 4b PR (8] 0% &5 F
WOV .BGD #1 DPL_ME.

AN 7 R BB I 25 57 2 IR B 7 25 43 R I T

(a) mmm@ (b) 4 H’M% (c) BTG (d) 23EIES (e) A3C)5%: () GA_ME (g) DPL_ME (h) BGD2

i SR SE B AE RN RE ) b BT B 1) 5 IR AR
oY Ja B K B SR AR I AT T 525 00 07 1 By 7 A A
Lo AR SCR T e 5 38 T o5 A A ] e 2 5k 2%
I3 4 22 7 4 0 5 R B L 9] IR ) 5 1k tlt o o 7 T
26 V5 5 b e T R L Y Sl ARV R, DT AR T R
G R BE N ok o A I — Bk 4k f KR A
B K6 A Jrg 78 3 S PR — 2D ] NS T, W R
A 25 73 M o 5 (R 50 B9 IR TR A AR SO i A
SRBITE 26 R AR T RS E Y 2 4G

®3I AEEESEFEEEEITR
Tab. 3 Performance Evaluation of Different Defect
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BGD2 87.8 68.7 81.6 85.3
DPL_ME 87.2 93.8 88. 4 39.5
GA_ME 93.0 90. 3 92.4 328.9
ARSI 92.8 92.6 92.7 47.4

(i) BGD

() WOV

B 6 ZMEREIBTELBER
Fig. 6 Experimental Results of Various Defect Segmentation Methods
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