MERFREBR P il R IR A 5 B B R DRI e

{LIRMER AP S e TR, 1175 TRIN

2| AR ENBRAR T 5 S SRR ANES) N SCBANT TS T PUIE AR A BRI SR A1, R ROR £k 75 7,
PRI RS MR EOR IR S . AANBRBAT LA, (iR, 2 oCIR P R R R 1 o RS
EERHEM A SRR, HomrHSEEENIERE R, EERESHFCEAR BAMEH,
ST IR TR S AR AR SHNERRERFAEVTAC,  DABREE Al 7 WP AR T PEREITANSBOCR ;B HE amE DAV R
LB BRIEL T, AR AFTMNHEFESHIENFE, SHESERE RS, DUABE TR

N E2RAERCR 5 TRE MR SR IE,

S | BRI BRAE ; HLASLNE, MBI BB ER

Copyright © 2026 by the author(s).

This article is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License.

https://creativecommons.org/licenses/by-nc/4.0/

515

XK 2R B A I = P A R A B AT
SR, FREARYY, LHISOE KI5 SR ER 5
RGEREE, AL AT IR R S, FREAAL
R mERE S SR LU, B RIGEsa N A
TrMERERR, GRS FIRE AT, WEMEE
wh7e, HARNEE A EEAEITES .

ARSCRHABORMELHRTT 15, S56 N MBI R
TR, 4% R MR RR ML HL
30 fE ik, RREE 2026 FF 10 H 14 H, Xk
TR 1987—2026 4, JRWUHICE 77 1% e H
<5 Je ZR AR 52

ARSI SN R R T R AR ), AR RR A AL
fRIRAYE. 2R A LB RG R, R
HEALMS PR, EHEM L, THEE 58k

https://doi.org/10.68070/va3wwx12

RIEME, ZESEE & TN AR ETTE, A
Rl 75 SE PR S

1 PR T BR B R 1 5 FREA UL

1.1 R TR S BRI AR A

PR IR RE UG 27 MBS RIIRES KL
G LAIRENA, Luo SEVERIAR T IERFER, AL AT
FUINBM SR IIEOR,, BT IRIE R RES & 2R
RS HAE 2R T e LRI S S EUNRHIE, A
DA PR AR 38 I AR AL 8 — 3R, Pernkopf A1 O’
Leary” #2158 %5 JLIAME BAREUT %, FFR
T A G S LA TSN SR R T 725 Tl 00 S S 3R Y S
B, AXIE TESZE IR S,

RREE ETES. MREE SRR BEHN L, &
AR H S B, Kazama 1 Oshigel” & Hl, &<t
TR AR R DX A GOV SE B 0 AR o B S AR



2026 4 10 H
1 EE 4 8

BB AR T R SN P U BB 5 PG R B R 193 -

SO, WL A RN, TRl —BRBE R e T
HRENETESR, WE 1 FoR. Ktk SEEXTEE
FEARI R G ARE, BRESWIN A ER S RIS &
RN IR U
KRR, S RS MR ER T, TR

NG E SR ERR, LRSS 5
BRIETRTE. Song FFNR I F VAT HLMERRITE A
FEG, AT TR TR ERAEAET, piB

PN AE T2 HIL RERIIP I T ST LRI ER, fREH
SUER AR R

(a)

Specular angle

Diffusive angle
60° 20°

(c)
Back scattering
-50°

P 1 AN RIRLIN AR R T N R TR A il 5 2
Fig. 1. Imaging Differences in Strip Steel Surface Defects at Different Viewing Angles

1.2 JREA U 55688 S

SRB U i@ id B E IR, TAFSAELAIAE
MOE, SRS R, AR
SRR R ERIE T FLE B AR AR ML BT 3R
T A 3 B L, IR R XIS R PR R 2R AT
JRAR P22 55 W55 37 P A U6 L % % T O B33 1 2 S8
fm BBk, TR R BRI 7 2R AU Bl B SR H
SYRF R R . PRy sURIE A PEBGR TR i IR
SRR, TR GEILEAS A S A, Ono
OIS TN 2l & SO R B S SR, B
TIET ML SREE IS A AALTEE, v iR
JURIEI B ROERESRBE 1 AR,

Black mask / \
/ X
45°  45°

\ LED light source
| (12intota)

.. Industrial camera

" /—rs‘f-_._,'_.\\
\
\\\\\\E_—/// Woouenstnd

but
(receiving surface)

Hemispherical cover

eSS ST M T2 BB X AR 0 X ISR PR ) R 22
5, EEIRA RATES AR, JB/NRBTRIR
FINBIHE K EZE, Huang FOER & SOEA A
VRS WS 22 IR UL A A E 2VNEE b
TS SRR, FFES &Y AT EIA% LED &0t
JiTE], EIE R ER AR CE A A AT M, A
SR ZELRI . %P FER M i/ NI 5 P2 R
Z NS, RINEIH, 595 RS RIE B
A RERRIR I o = A M. XK, Sy St
TSI KR FEE &, ATt
<2 Je8 AT A TN (9~ ERTE SR B 4548 SR [A] LED ) &
HYRRE R W 2,

llumination diagram and simulation results for an LED angle of 0°

< 2 BRTEIRBAZEA SRR LED F % N AR EE 7347

Fig. 2. Hemispherical Illumination Structure and Illuminance Distributions at Different LED Angles

www.bsjn.com/astr/zh_Hans

https://doi.org/10.68070/va3wwx12



- 194 -

R T SR B AN S R 5 R (R RO

dbB =

SRAA LA To R SRS M S R (5 B R
18 IR RE TS IS8 Jo B e AN RS, (E tha] REREAIR
R ERIERTI G LR A IR A TR R
TS, FGSEREE A FAILI LT 380 U, 475 b

HETE, HRBABETE I SR H bRER IR AT A, (RS
YIS R TT R K T 2 REA T, I
S SLIRREINSHEIEH S8, P8R B R
AN EINAY R A=WV R LU L/ UEE

731 kAR T SR SR (AR R (AL B

Tab. 1. Typical Imaging Issues on Steel Surfaces and Key Optimization Strategies

BB PR HRIEERI XTI A PEACE R
BHEOLSR  REKERMN, S9EEA  BURIDS ST REDAX o), 8 RRIRIIAII A, PR
sl T T XURS: SRS
WAL BROEMEERERR  OFIBIEEN TR, S OGRS e,
BASE R RATEE AR RN
ERFEMAN B [ ERFEREIN T FI BB AR R SR AL LA, FRERZ T
JiTatE ARMAL S, AL B IRES BRI ERRE M EAMER
HAISCESH ERECEIR, KERN  BRIESHERRERE, R DRI A SRR,
FEE AL SHfEAH EE Ao XS ISR B BRI 4%
TSR BB RO A TEFHEY I REBORANER RS 0T S SR B 5 7 A
= Vbl b fie, XopHtEPIAn ESLEREE

2 BREEMS B35 2 REAR I SRS

2.1 T FRBA LA IR s 1 55 SR s

BT IR BRIE R, JEIL e 701
SN, RS E R OPHE. B
B 55 Jo BRI T A S 5, DR B U R A i
T HREAIELFE (S5, Jeon 557 R A AU TR DI B
B, (EBRAE 2R A E K, B IUERHIR
(RO 7 B A ST e %5 TR R KPR Bk
PR EAGRIRAE, (RBLT BRI SRHESR I
HIErRITER

FON RS E YRS, Ono S5 [H]
— DX A S 75 R HRRE, IR IE 5 R G
IR, HIg5- R AT R MBI, i 3 pr
o RS ARSI, TS8R FRHE, A
CXRRER X EREE S T T R AR MR
AR ST AT REF ARG S, ZE A RER
BasHl.

https://doi.org/10.68070/va3wwx12

SRR AL 5 B A Y 2 B A 25 5 PO B )
AL @ B B — M, Pizer FOBFR T HIE
N B 77 B R HARA . BRI LR B &N B
FE e (CLAHE) fefit 7 ks, AR
ey T N R =k M P Ll 3 e il )
RS 5 i | Jobson 142 HHAYZ R E Retinex
SEETERERH.O—EEBmE, Bl oh S8R R
RIRIESR S, (HIRBLH 5 A —E i 2 ik
AR — 5 R, SRS R A EERMANE
SER BT,

B ERR JR) K Ml v FO R, e an i S 42
BN ASERY T, HE SRR HIRRUR,
JETR T AR K o A AT N PR AME BB, BLUA
RPN GG RIEIRAS, BREERHIE M 5 SR 7 K,
AR E S A, X T R S 5HIE
BEEK, NS BEAMSE, TREUKE
R JEE S i L L SR A T

www.bsjn.com/astr/zh_Hans



2026 4 10 H
1 EE 4 8

AR AR RPN A ) BRI S B R B S ORI e

- 195 -

Light
\;; Scale
de

Shade

nght l[ luminated from left side)

Subtraction
O @® -

Defect Scale

o®

Remain Cancel
e

e,

(Illuminated from right side)

)

Pl 3 e SRR 22 70 o i B A A PSR

Fig. 3. Principle and Results of Bidirectional Illumination Difference Enhancement

2.2 BT w2 i S S SRS

(R 2 T 20 B A SR R IR IR %
WA R R 771, IR T RT, SR mEkRE
SERIAIDPRE N T OREF A WIR T ETH S
e, i ds 5k A Y IE 22 HC B RE S R IR 0 R
153‘2)%%@5@ N [ 1 7 B )5 S FEE A i [

FHEZER, RAER]RE L miRE: 22 AR R iR,
IIH:I%EI’JIEQEEE#TM EsE o Ml foe,

A MRS S UM IR S 1L
EERT MR R AR BRI S TR S T B PSR 8 R

polarization angle
(a) 40°

(b) 50°

SHEGHANIAE A, Kazama §7if5R T =&
MImiR T 2257, G5 RRIA, TERPESIRIRICIR ST
T, HREEX IR 5T 2 P A 2 A 5 s R AL,
MG 3 BEEUH AR R R IR RS, TRARE
EIEA MRS T =, #ﬂt)ﬂ_ﬁ\TﬂV\{ﬁ
TR B TELRAC AL B, IR R, &
R IREC E, ﬂ%*ﬂﬂﬂ?@ﬁ%?’lﬁﬂi%%ﬁﬁﬁ%
EPESCTHL, B FETR A R A I8 A 1R 5 DAY
FIBHE, BB BB 5 T DT S AN R RS
&R 2B FER RSN, BARRGZERWE 4

- oil pattern

(¢) 100°

<l 4 IR £ EE T AR R I 5 TS A5 22 5

Fig. 4. Imaging Differences Between Steel Plate Defects and Oil Film Patterns at Different Analyzer Angles

fmiRME B AR &R RS S a8 —2i@
W REHIH B SCE ARG, 2 R A F fwIR

www.bsjn.com/astr/zh_Hans

WETHEER, TENRHEESI S, BIERET
PLHISS IR RES OR B SHEREGE, 5 & X TEMmIR S BEE

https://doi.org/10.68070/va3wwx12



196 - R T SR B AN S R 5 R (R RO

EHEAMEE, Fit, §REERRNEEESER
THEMBORKE, TR LA FYE B2
HIREIRE.

(i 9 SRS O P PR S AT A RO 3
Kt aE R RE R ZR MR, SERR A AT R AR SR H bR
RIS T S RN SO A (R 75 7], SN &5 &
ZMMmIR TN ERAT . RN, (WIRIELES
BORBOER, TEDFELIRRESRCEME, ¢E
AV S ER R AR £R B S S R 5 =

2.3 2R R BRI BRRE 5 R SR
R ) ) FR 3 R 5 S 77 1) 22 R M R R AT

B — I HIRE DGR RITE S, 2206 IR P RIE I 1A
TREATT 5 R, ARER] — XA ELAME R
73 I SREE ] A CR B A 7T BRI, RN R
BIRAHMES, RO ATIRIZ AT 75 15 B
ZEor RPN EE R H 77 M BURRITE S 2, B &AbRE
U B 5 S M MR P A A

Li FVER M 2 a A0t I G, £
PR R R IR E S 718,  OVEREE TS A i it
HiMER. HOLIRM RS RGN 50 %5
DARRELER & SRR R, 77185 B (b LB T
PWPAIMIR 25, (TR &I BR TR R MR
M6 UEE

(a) Top view

(b) Side view

[l 5 24 2 BRI I R ST Rk
Fig. 5. Configuration of the Warp-and-Weft Multicolor Light Source Visual Inspection System

Z R E RIS R U 5P S SRR 4R
B, He SRS SN, FIH5ISEGSHTE
B2 RIRR MR R, UL 5T RCR,
Li FFOHE— PR 5 | SIRNRE GRS 7775, KRB
IENEREEMANT R, HaE EE S 2R 5
PEATEER A, IXEET5TA TN 22 77 1 S A [ ()
BRMES%E, HEHEGRME YR EERFRT

PARKERFEAR I CR

ZICIR R GUE T W R A 5 AL PR
B TR, MR, SRS R
JERZIE, G B A B 22 S T A BRI, [
i, NMEBIREMAPESIRNRE, BikgiR
FI9/N BRHIAGHOL 1, A RIDEHE 55 TR
AR RS IERI SRR 2,

7 2 BURDE A BRI AR 508 A A
Tab. 2. Characteristics and Applicability of Typical Optical Enhancement Strategies

SRS FRHEGK EARR FERRA
KSR ETERDE BB EEDE, s, BRI RER, 4 S9SN ATRERI S5 B TE SO B
EVARGIEwid AR R SRS e E PRERRE RS B SRR IR
DIIRRT AERSOLR, MEREIIRR MRS EME R aEhiR RERMA N, TssiE
SRR A2 (AR HER e M 7 BRI
RIEREAZE 7y HBR T FIRPAEG, Higsdt  HSERVEIE SR MINER X BCHER R R — B AR R
[ 5% L M1 i 7 Wi, IR SRRSO B AT REF AT ARG S
fmiRiEE  MABE SIS RAOmRIRRSE  XOWRKRBESHESICER  ZASNA RS 771857
SR Al P &, BEEROLTIL Wi; BEERB O RBOL R
ZrAS 20 REBCRFETT s GG N, (NIRRT AMER,  MIRESAHETTR, RAEHE
SRR HTIEHFAE 515 SRS TR B EL AR 20T 25, B R M 2 5

https://doi.org/10.68070/va3wwx12

www.bsjn.com/astr/zh_Hans



BRI e SR B AR ) AR S R (R s ORI e

- 197 -

2.4 BT ERERRKIGR I TR 5 AT SRS

BREEIRFZEA TREIRA B S E, H
RERAH N E B AR, Lin f1 Yan!'Off
BRI A YRGS &, IR AL IR
SOCIFREANT, MBS ETIRBE, Li
FHHBEAE S PR E AN AR S IR, I
T A BRI E —EBIE, 3T IR AL
kbR, SRR &S
HREH,

3T A T A AT A 8K S . Zhang
FIUHEHIAY DnCNN JEIE 7R 2 IR & 7 — sk

HEGENE, RO N TR AR T
P ZWEFTE S A EG AR, AT RGN,
TG PR 5 )1 2R B (AR DR RE RS, B A
BB E IS KR,

Yang FE M NENERL, R Gamma 1%
1IE5 CLAHE #17E&mibH, it YOLOvSs
WLE, WIL%5 | NI ERHIE 8 38R = LI, i
T2 R R RMAE SREFHERIK, KlsE] L
6o ZIFFR AR AL, 5 THUEH
BSUE; PR o PO B B AR ISt A REAR R B B R
REPR ) SERE SRR FERT

< 6 HT YOLOv8s-BISW FAREE N E LR 7R
Fig. 6. Example of Stainless Steel Pipe Crack Detection Using YOLOv8s-BISW

Lu FFHEASROCRBER, RmIRME, &
SHIHIALIE 50 YOLO WMZ845 &, @it /Npthit
2 RERFIERE & B/ NBRBE AR I, A5 SR A AN ]
BORDS R KA RIS, 1HE3E B ARSI
TR LA SHEE LRI, FEANAC R PR BTy 75 R FH 70

Jiike VEATI N GE—EERI 5 T, I T AL
B X EGI s, (WiR(E S Mg Sot ok, 7
EBRIMTERE S BNERE, MHSTTIRRIMEHL
ERAFARIRILE 3,

7% 3 SRR AR S R BE AR I 7T IR LR

Tab. 3. Comparison of Typical Digital Enhancement and Defect Detection Methods

Yike e EEIEA SR ERRER
KL RERAT ELEE VRS, BT ECAE BRI BREEERIIRIHEA, (H5E ATRERIMEOCRES RSO AEENR
Gamma, CLAHE PO, RHgSREZER JEBON FLEEA 2O ELA ALY
Retinex ZE/EIRMIE MRS R A, FEERIINRR, RE AR R S B S5
FRIPAN AT 5 475 BB T L N ANSE R T E SRR
NS A TR SR SEREDNEHRIAY R NSEERSEETIL  RELY BSERATRE, I
8, ISR H R AR JEE -3 AT REHI 59 AIZREL
AL S REE MMAEFOHEREEX  SURESTIRERA —E SR, BES I BARFRITAS

B, e —{EEs R

) RIRE G A, W B S g SR A
DnCNN BBEEm A EIG

REEFRKET, W YOLO 23] % REEHE, st
e B ik [ BRI EAE

AU, AN EHE
SRR S IR AT
A, HHRZEORE S
HEEEAR, TEBD)
WIS PO E 7

s, EaE R MRE MR
I R RRE N E TR AR HH AE
71, IR INETAL R S HARER
SREA M LA AR ; i B

REARERS RS A AL 70 1

www.bsjn.com/astr/zh_Hans

https://doi.org/10.68070/va3wwx12



198 - R T SR B AN S R 5 R (R RO

3 BARRIE S TN AR BEEHE

3.1 JEIE 5 5 2 REA I AL

JEAEE SR SR RER A R A, 2 DABRREH
AR NASE, AR E, EGACHLS kI
A, (RS R EA AT HRIE 2 ALF 70 #o Tang 55 1+
M LA i, REERERASE
BACBEIRAN AR — 3 ATHEZR, Oy SERE i Bl
RPERETR ML 7255, JEE 5 T EUCE G S S

RYRIERECME, B RERTRNITE & A U E B TR S H
AIREST, =3B DA A IR AL R PRI S

f&%ﬁ SRRAZ ROV 5 H AR e e B RFAE
NJGSEAC T AMDEAS; R, TR B RES
ORI B REF AT . 755 HAR

AR EERER/INGRRES, SR /MBS [R) S TR IR AR 45 5 Y
Jii%, oA AEBRI S AR A T, FEA A
Otsu FI{ES Canny AT ABLFE TREL, 1ZBTF
R 5 o JIET 2, AR AR RO (B 7R g
N IFEERREE R B R B SR BCSCR AT,

XTSI IR N B AR LRYT, Qiu 5
TRHETECE eI AR ITTR, EFME Retinex
BAIRG I AN RER S RERBIER, PRI
THUF ARG BT, XM FUsm AT 55 H bR
SOBEAT T KA MR R GE A RTIASE AT A
DEH, BATEFEEIRGEE,. Tt 5K
MERZ ARG, SEFS RGBSR
IRy AT — R R . NSRBI T,
AN R BET5 0 L Y A A% T s 70 ) 45 SRS R A
&l 7,

'%
’ ;
i = -+

lJI!I“ll!l“ll!lﬂ!lﬂll!l“!l
fa) ih) ich idy {e) (fi (gl (h} (1) 1]

<] 7 NS 5] BB G S s SN B BR A £

TR AR

Fig. 7. Effect of Uneven Illumination Image Enhancement on Rail Defect Detection Results

iR 38 75 2 X 0 R o & 5 A 55 TR e
Wang S5 HRHBYEEHAHEIETERR (SSIM) M5
EEARR AN EGEE, rESHEIGRIEN
B RTINS PR B bR, B MV 8 58 (55 T ik
ZHEZZEG, DIRGBRAEERGENIE SR
WATRERAITFNTE S, BIt, NMaiEHpEAE, 3R
AN 73 FITh SR A 55 Fabr I T i it 2 15 A 2K

JRERAA AT RETRAG, 1RAG A o H i 22 (e
SROEFRR R BHRE, FOLIRMAE, 98 AR IRAC
BEERMRS TRINES, PO, NAE—BU
ﬁ%ﬂ“%IﬁT P RE AL T et N RP R i

“HEGEEHROR, FERES BN RN R
ﬁﬂ PP, T RIS SR L, BN
FREAERERIRRE L, B OUEE GRS R —
G S L TiETEY e

3.2 ZAESMHAMEA

LRSS R HRE ., (miRS JLAE
B, IRk — I R R, Xie 512048 T i ROEE
JERMEIM —4E, = HER RGN 75 15 K b5 %8 ) it

https://doi.org/10.68070/va3wwx12

NAE TUAE RS HE S %, s E B
[RIREH SIS AL, (WiR(E B RILR IS E R

JUfAIE B NA R ERIR, SREERANRK
B RANT PRI,

Pan 55 OB RN S EUR HIGRRE, ¥ RGB Bl
5w /A B G5 AN SGH R DeepLabV3+M4%, %77
RIEE DR B S M, S 9m (FO bb R B R Y
RIK, MREERaNE 8 R, miR(E EBRH T4
Ui ROCHTISN, ERIE NI S NS 5 RHIEY: S,
BB S B PR AL EAME R

SIS JUAME BRI EFIH, BT X mHE
EC RN A S S PE AR M, IR S 2 75 M2
T HRBH ATy SR ik A s B AL TR S R, (HARTS
IR RS AN T 58 IR P TR T I & AH R 77 T
MEAMEE N SR BN RAN, EFREERR
S BARE BbR 22 R B

A& 77 N 515 B M A5 ITRE, B3R
REE MBS EUGH, FHESFEL S W53 B2 B
BEARHERRE AR, AR AR EE G ET

www.bsjn.com/astr/zh_Hans



2026 £ 10 A
B 1 EH 4 M

BRI e SR B AR ) AR S R (R s ORI e 199 -

2 PRI, AN B A B (G ES R A 22 B
SRR R AT 2 (R, IR [R5 R A\ o 22

Fo JREEAMRIESRUSHI AT SRR SN E, I
R 56 E 70 A B AL I ARG TS E 1

(&7 7 5 = £7) ASPP

¥

CBAM ]

dIZX
4

y 2 X

o cBAM |/ 1 y

AV

}

g L

y
RGB image

AOP image

Output

<l 8 RGB S{mifk A UGN AR & 4514
Fig. 8. Dual-Stream Feature Fusion Architecture for RGB and Polarization-Angle Images

3.3 TEI[A] TN A R B REAR TR 4t

TAASTI R G T ARG R, A, BRREH)
AR, =L HAEITREM . Neogi
FNZEAR T SRR AT R A RERA, AHAL, AbERAE
R SERIBAT IR, BN N R A () 5
IR, CRUEISREEXT M [F— XK, HHERS
R R A EE S T o

SERFPETEAT N 7 R AR (R, AR, HEEEAN
e, Reza MR TIET VLSI & FPGA 5L
B CLAHE 5%, RNEGHERINERES%E, %
W5 IR 108 FH A, BRI AT R G TR 4
BRGNP, RIBESACBRE S, FH3E
NERRA A B2,

W IR TRIE NI 5 S RIERAS L,
FATLEEPE S WA R I EEREI, 5 T A5
SRR AR B UG58 75 1 AH ST TR 2 R,
IR, FRRIEHXM R, RAEE R E R
SUHAS (RIS A

K I &35 51 38 AT AR 55 T A5 72 a5 R B 0B I
Zhao FFER IS FLR AR IS TALRIA B ES 5,
FELHI R GURAS LR IIFNS f& dE PR LIRS, fE 5]
KERERREEG, MBS R, HRRIRKG, W

www.bsjn.com/astr/zh_Hans

RAEAR, SRR SBRET, RABCERIITH
I B LSS TRIE,

4 BG5S RE

B AR B A T A R B 5 (R R, Bl
FE T R0E OR B IF SR BRE AN T RIUAERE R
EEGE VAR CIRVRA A 30 22 G by e 0 & S [ E g B
FZIEIR I Rl A SR RN RS EOT R R, B
SR NAE BY AN RREAR, AT P i 2%
i, AR5 TR R ¥ 52 AR RAS, BREETE A
RESRMFLIR, BRI [R] I 25 B R 0T AR B
BRI R,

MAVR ORI 5 W REEIRG SN
FIHE, (BAERS T 008 B ADESHE AT I8 UE 75 T 1))
ToeE. LTI A] B R R TE DA R T 1AL

(1) T ARSI PR, ReBRRE 7 ]
PRSI SOR B SRR H T 15 S RIS 85 5 75
KR, BOREREN S RN R BT, FF
FE— SRR TOU N X 3 S IRTRPERERT TR,

(2) 2GRS E R AT RME . BSRE,
fm R A T U S BRI EANME, ACBRAFRCHEIRZE, 183)

https://doi.org/10.68070/va3wwx12



- 200 - R T SR B AN S R 5 R (R RO

R SMARERESR, FREMERIBILH AR
FRE M, HARAT IS SR SR IEE iy SR 16 35 B 2o

(3) MF~LRIBER GREE . 45E KPR
YRR, ENRIEENSEERRE AR, PR MCREREIZER
it R E IR SO SR BIRE 7, B I R
IR FE AR MES TOUGUE, BRI 5 B
TR LR

B

A LAFHE) TR SITOGIOE S 52385
A2 2= B

(% AR E 5 A SO FERR IR A T2
S50

[1] LUO Q, FANG X, LIU L, et al. Automated visual
defect detection for flat steel surface: A survey[J].
IEEE Transactions on Instrumentation and
Measurement, 2020, 69(3): 626-644. DOI:
10.1109/TTM.2019.2963555.

[2] PERNKOPF F, O’LEARY P. Image acquisition
techniques for automatic visual inspection of
metallic surfaces[J]. NDT & E International, 2003,
36(8): 609-617. DOI:
10.1016/S0963-8695(03)00081-1.

[3] KAZAMA A, OSHIGE T. Correlation of optical
microstructure and macroscopic intensity of
defects on steel strip surface[J]. ISIJ International,
2014, 54(8): 1843-1848. DOI:
10.2355/isijinternational.54.1843.

[4] SONG K C, HU S P, YAN Y H, et al. Surface
defect detection method using saliency linear
scanning morphology for silicon steel strip under
oil pollution interference[J]. ISIJ International,
2014, 54(11): 2598-2607. DOI:
10.2355/isijinternational.54.2598.

[5] ONO H, TATE M, IIJIMA Y, et al. Surface
inspection system for heavy steel plate using twin
illumination and  subtraction technique[J].
Transactions of the Society of Instrument and
Control Engineers, 2023, 59(8): 362-371. DOI:
10.9746/sicetr.59.362.

[6] HUANG L P, HSU Q C, LIU B H, et al. Light
source modules for defect detection on highly
reflective metallic surfaces[J]. Metals, 2023, 13(5):
861. DOI: 10.3390/met13050861.

https://doi.org/10.68070/va3wwx12

[71JEON Y J, CHOI D C, LEE S J, et al. Steel-surface
defect detection using a switching-lighting
scheme[J]. Applied Optics, 2016, 55(1): 47-57.
DOI: 10.1364/A0.55.000047.

[8] ONO H, OGAWA A, YAMASAKI T, et al.
Twin-illumination and subtraction technique for
detection of concave and convex defects on steel
pipes in hot condition[J]. ISIJ International, 2019,
59(10): 1820-1827. DOI:
10.2355/isijinternational ISIJINT-2018-742.

[9] PIZER S M, AMBURN E P, AUSTIN J D, et al.
Adaptive  histogram  equalization and its
variations[J]. Computer Vision, Graphics, and
Image Processing, 1987, 39(3): 355-368. DOI:
10.1016/S0734-189X(87)80186-X.

[10] JOBSON D J, RAHMAN Z, WOODELL G A. A
multiscale retinex for bridging the gap between
color images and the human observation of
scenes[J]. IEEE Transactions on Image Processing,
1997, 6(7): 965-976. DOI: 10.1109/83.597272.

[11] &R, s, 57K, 5 T AR 2 1w il e A )
Y GG SR R[], e B TRl (EARR
% fk ), 2015, 34(6): 850-854. DOI:
10.16186/j.cnki.1673-9787.2015.06.019.

[12] KAZAMA A, SUGIURA H, OSHIGE T, et al.
Analysis of polarized light reflection from surface
defects on steel sheets and its application to a
high-speed inspection technique[J].
Tetsu-to-Hagane, 2004, 90(11): 870-876. DOI:
10.2355/tetsutohagane1955.90.11_870.

[13] LI S, YAN Z, LI P, et al. Metal surface defect
detection based on Latitude-Longitude light
sources[J]. Measurement, 2024, 228: 114315. DOI:
10.1016/j.measurement.2024.114315.

[14] HE K, SUN J, TANG X. Guided image filtering[J].
IEEE Transactions on Pattern Analysis and
Machine Intelligence, 2013, 35(6): 1397-1409.
DOI: 10.1109/TPAMI.2012.213.

[15] LT S, KANG X, HU J. Image fusion with guided
filtering[J]. IEEE Transactions on
Processing, 2013, 22(7):
10.1109/TTP.2013.2244222.

[16] LIU W, YAN Y. Automated surface defect
detection for cold-rolled steel strip based on

method[J].

International Journal of Industrial and Systems

Engineering, 2014, 17(2): 224-239. DOI:

10.1504/1JISE.2014.061995.

Image
2864-2875. DOI:

wavelet  anisotropic  diffusion

www.bsjn.com/astr/zh_Hans



R T SR B AN S R 5 R (R RO - 201 -

[17] LIU M, LIU Y, HU H, et al. Genetic algorithm
and mathematical morphology based binarization
method for strip steel defect image with
non-uniform illumination[J]. Journal of Visual
Communication and Image Representation, 2016,
37:70-77. DOI: 10.1016/j.jvcir.2015.04.005.

[18] ZHANG K, ZUO W, CHEN Y, et al. Beyond a
Gaussian denoiser: Residual learning of deep CNN
for image denoising[J]. IEEE Transactions on
Image Processing, 2017, 26(7): 3142-3155. DOI:
10.1109/TTP.2017.2662206.

[19] YANG Z, GU R, ZHU L, et al. YOLOvV8s-BISW
a surface defect detection algorithm for stainless
steel pipes[J]. Sensors, 2026, 26(11): 3573. DOI:
10.3390/s26113573.

[20] LU J, YU R, ZHANG H, et al. Highly reflective
metal industrial parts surface detection with
polarization vision and modified YOLOIJ]. Digital
Signal Processing, 2025, 163: 105238. DOI:
10.1016/j.dsp.2025.105238.

[21] TANG B, CHEN L, SUN W, et al. Review of
surface defect detection of steel products based on
machine vision[J]. IET Image Processing, 2023,
17(2): 303-322. DOI: 10.1049/ipr2.12647.

[22] 1), fLE A, F240R, 55, BIARER RO L EE i
/INER S [ {5 08 5 R0 70 # [0]. P E B R ETE 2241,
2020, 25(1): 81-91. DOI: 10.11834/jig.190057.

[23] QIU Y, NIU S, NIU T, et al. Joint-prior-based
uneven illumination image enhancement for

surface defect detection[J]. Symmetry, 2022, 14(7):

1473. DOI: 10.3390/sym14071473.

[24] WANG Z, BOVIK A C, SHEIKH H R, et al.
Image quality assessment: From error visibility to
structural similarity[J]. IEEE Transactions on
Image Processing, 2004, 13(4): 600-612. DOI:
10.1109/TTP.2003.819861.

www.bsjn.com/astr/zh_Hans

[25] XIE X, SHEN Y, ZHANG J, et al. A review of
vision-based defect detection research for highly
reflective metal surfaces[J]. Engineering Science
and Technology, an International Journal, 2026, 81:
102492. DOI: 10.1016/j.jestch.2026.102492.

[26] PAN Y, CHEN J, WU P, et al. Enhanced rail
surface defect segmentation using polarization
imaging and dual-stream feature fusion[J]. Sensors,
2025, 25(11): 3546. DOI: 10.3390/525113546.

[27] NEOGI N, MOHANTA D K, DUTTA P K.
Review of vision-based steel surface inspection
systems[J]. EURASIP Journal on Image and Video
Processing, 2014, 2014(1): 50. DOI:
10.1186/1687-5281-2014-50.

[28] REZA A M. Realization of the contrast limited
adaptive histogram equalization (CLAHE) for
real-time image enhancement[J]. Journal of VLSI
Signal Processing Systems for Signal, Image and
Video Technology, 2004, 38(1): 35-44. DOI:
10.1023/B:VLSI.0000028532.53893.82.

[29] EARIL, @2be, 08, 5. EilA NI R E R
RGN ) A~ 85 50 Y BT AT 5 1 P fig 95 77 1A 0], 1Y
PN FRFAR, 2019, 40(8): 131-139.

[30] ZHAO Y J, YAN Y H, SONG K C. Vision-based
automatic detection of steel surface defects in the
cold rolling process: considering the influence of
industrial liquids and surface textures[J]. The
International Journal of Advanced Manufacturing
Technology, 2017, 90(5-8): 1665-1678. DOI:
10.1007/s00170-016-9489-0.

https://doi.org/10.68070/va3wwx12



- 202 - R T SR B AN S R 5 R (R RO

Advances in Illumination and Image Enhancement Techniques for
Steel Surface Defect Detection

Su Zhendong

school of Jiangsu Normal University, Xuzhou Jiangsu

Abstract: This narrative review summarizes advances in illumination and image enhancement for steel surface
defect detection, focusing on imaging challenges caused by strong reflections, nonuniform illumination,
surface textures, and oil contamination. It reviews the optimization of illumination geometry, polarization
control, coordinated illumination using multiple light sources, and digital enhancement strategies. Their
applicability, limitations, and integration with intelligent detection methods are discussed. Optical image
acquisition and digital processing play complementary roles. Enhancement methods should be matched to
surface conditions and defect characteristics, with their effectiveness evaluated in terms of defect
distinguishability and detection performance. Digital enhancement has limited ability to recover true image
details lost during acquisition. Future research should focus on joint optimization of optical configurations and
algorithms, reliable fusion of multimodal information, and validation of processing efficiency and operational
stability across the entire detection workflow under varying operating conditions.

Keywords: steel surface defects; machine vision; illumination optimization; image enhancement
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