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Detection of Surface Defects on Billets Using Image Recognition and

Reduction of Hot Scarfing Removal
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Abstract:

JFE Steel has introduced a system that uses image recognition Al to automatically detect the type of defect from

the magnetic particle testing images of billets. The accuracy of the detection was improved by performing re-

evaluation using a decision tree following the detection by the Al. Using this system, the changes in defects on the

surface of billets before and after changing the hot scarfing removal is investigated. As a result, decrease in scab was

observed in some steel grades by reducing the hot scarfing removal. Therefore, there is an optimal removal for each

steel grade that can remove material defects while suppressing scabs. To evaluate this, it is necessary to evaluate the

defects by type, and further utilization of this system is expected.

1. X L&l

iR XK m3EIE, K R e O K
REGDBTFEL TED, F7z, MBGERE cRiminfE» 4 e
22ebdhb, MFTHTEINLDORMERY FAH—7
&> TREL TV S,

Ky R 2N — 73BT EROBZIICEE SN, WA
(v b)) oL s & il L FRRICEE T2 e T
LR ZREL Tw3, Ky F2H—713, REMOLE
¥ PE R RGO KIS 2 AR R T &, SFRIC B
ZHEHEER O e, RIADREH $ THRIF T 22l &
BRGE) A2 DERRE NS, Ty RN — T OIEHIRIITE
Hitoe vy FOWGEEE LTS 2 2 CHIIL TE Y,
HIEZHEOE S GEMMEIROFELST ) R r#Hs
T, HC CICTAHIEDSED LN TV D, Sy FRAA—T713
Ly P REE—RRICAHIT S e IcBR S D, KR
MDA 220 6 T RMZ VAR T 27058 e 285K 3

WIS 2 2 C3BRUAEHEICRECHFL T 5,

2024 1 8 J1 28 H3Z A

Copyright © 2025 JFE Steel Corporation. All Rights Reserved.

ARG OHMIE, Ly FREEOHIKD 72D kA
H— 7IRHIRZHEIE LT 2 2 Th b, IAEIEEZMIELT 3
WZHTe->TE, ®y FRA— 7O TR TRET 25k
KEHABRETEF 0202 AED 20BN H 5, Ll b
R OFHAG 1T, TR G 0 s SRR S 72 2 O e A Ay
FEDPRICHV LN TE Y, OFHLHECHET
LHBEZ BT 2R b & 55, JFE 2 F — v iliBELERT T
I3, WO CIFABTHE TS BV, Licdi->T, #h
JED LD 7Ry F A —T LN LI (Ry FAh—
7 CRREATREZE) ¥ ~TWD L SRy F 2 — 7 LIED
TRETREL 2WMERAITEY, 2h— 7% EHLE
o vy M E ORI 2 REEC LT 5, Rk o & fif
Ry <, EGERERE 2 b O, MRS TG © KT
jEofEs A CHE T v vy FRIEHT S AT 2%
WA LT, ARaTlE, Y27l 2R HVIchky F 2R

51— 7 TREIE ORI DWW TR 5,
2. ELy FREEHEY AT L

RIEMEOBHEHE 21T 12Hiz b, KETIEALAH
fiE (AD & H\W7cEfGaEaR I c A H Lice Al 2 WL 7c 5

ity

JFE $# No. 55 (2025 4E 2 H)



WHERERR 2 TG Lo e Ly B RIERE & & v - 20— 7 IAHE OHIK

WTE, TR R B THEMCEE S 5 2 v TRA
DF =2 L CHHEERDAIRETH 5, Ly MIFET S
LML, FEIFEICCHIRPERL 2L ADBIZCAYT
Hoh, Al THNTZLDVOEVICL IS TE 2, KETI,
H{SENERD S B, 1 DD 5@\ OA 7 =2 F &kt
TE YRR O ALl & 7 VR ERLT % 2 ¢ ¢, Rt
OHE 2 HEME SETABIC OV ORR S, iliEE5EATH
PTG OMMEERE T, 4> 51 > ClighRE%
frokPorry FRABIUEEOWBREZIRE L TEY,
T LICHEIR Y € T OUERRE O T — 2 B L UM
FEH T — %2 L THW,

2.1 REEHIEETIVOIER

210 ETIVERSM

FIER R T H ML, FIKEE (Sliver), #E# N
(Longitudinal crack), #H#l|iL (Star crack), ~7Jit (Scab),
#+42 L (Lateral crack), 7t (Wrinkle) o 6 fEfEHY L
7oo REMNHREOBXK LR 11277, § X TojitfE
ORI C 487 (989 A 72 = 7 +) DM a2 ER 7 — 2
L7 ETNVICIWEEAAL=a2—T vy P T =72
(Convolutional Neural Network: CNN) % ff\>7z, CNN ~—
2D 72 7 /v ) R 11213 Faster RCNNY, SSD? & &
U'YOLO” 258 1), il 0 NE# MRS 750 < JLEL ki
M, R TREEEE OM ¥ F 5> 5 Faster RCNN T
WHHEZ T Th s CHlL, &bEOIEEL TS
% Faster RCNN # 7/v 3 ) 242 L GEELTC,

WHWERL LTcE 7 v Cld, i, #EEn, SFEny
HWIZH-> CHEL T2 7y —2piA S iz, 2l kil
SHOWIERDE TV 2 [ EDH 2720 EZ L5, Al
OYIERBIIE F SHIERAED 75 v 2 Ry 2 2TH Y, it
{522 6 D & 5 R E AL L CHE L TV 2 023
ARUHETH B 700, TWIRPEIEOFERE X L35
Te ORI 2R R D 2 OPRETH S, 22T
Al 21357 2 SIETHOBIH LTI e eafL, o
HOESUE Y U C Al OMHTEEIEIRICE B L7z, Faster
R-CNN (2 & 2 At Cl3 Mo U s e S
%, COMEHEEOE, &S, mi, 7AxZ M (@S

Sliver Longitudinal crack Star crack
— A

Wrinkle

1 BREEETOE Ly FRERERX
Fig.1 Conceptual diagram of cracks in MT

Scab Lateral crack

JFE ¥R No. 55 (2025 4£ 2 ) — 70 —

HOH) 2200 midB2 oL 5 IHHEH I v Ik
o TWwd, AETE, ZORMOELEFIHL TREAR
AT & 2T T VEMERL, ATHIEDORLEE Y LT
RERDHIC L 2 HHELITS e TETVEEOM 2
- 7zo ERDHIOT7 VT Y 2 LIS, 2570TH D iR
DOIYED LIS 7% CART (Classification and Regression
Trees) %7z,
212 ETIVEEDIREE

FR L7cE T VOREE 2 MGES 5 709, RFAEMGE = F i
L7co RAMGEL, 287 —2 2 TREOBOT -2ty b
DEIL, EFERICHERT 27 =%ty F e BEEICHER T
L7 —&%y FOMAGOEEERLLEDLE T IVOMGLEY
115 2 TETF VvOPULIERE CRAID T — £ 15 2 @)
) RFHIS 2 FIETH 2, W ¥ Om{GHE R
s L9987 — 2252007 =&ty MInEIL,
ZTDIBLADRERN T — &, 1 OFMEET -2 T %58
& — > OAEDE TREMGE X7V, MR & 546 L
oo RHMERRICIE, BEE E 7 v O RS R © — Ay
RSN TV 2HEEH (precision) ¥ HITHR (recal) %
Wizt ARG GERME) oS, HERIEERE
L (&) oS 2Rl T, ZARIEORSEZE 3

>

% [ @ Sliver O Longitudinal crack S Star crack |

&

=1

= A il x|..|;| n Do a8l call o ol H”ﬂﬂ
Width

>

Q

=

Q

S

o

= REEE.NEEHE BeonoBnoefod
Height

>

Q

=

s

Is3

glhmmmm

S Ji BrBnfng Allanfnans 8 s aflal 2l faniian (lallate 5 s,
Area

>

Q

=

s

Is3

g g

) P P

Aspect ratio

2 BRHEBEHOFHMEEA NI S L

Fig. 2 Histogram of features from detection box

100
9
= 95r
=
3
90+
s
§ 85| -BRecall
oy -@-Precision
80 1 1 1 1
A B C D E

Models in cross validation

X3 REHECHITHETIVEE
Fig.3 Precision and recall in cross validation



EEER T L7c e vy P RIEEFIE © & v b 27— 7 AR O

WRT, BT T VA DL E IR AMGE Y FHAL 725 D
DR —=2THYH, MHOWEE (confidence) »50.6 L I
DHDEFIHRE LTWV2, $XTOSAZ—2IIBWLT,
HEHRC FHEHEIL 0% % Eol->TE ) RIF2MIBHEETH
LRI NTI, &1z, BT ABOAERL /NS FUETERE
DEVETIVTHLE VR D,

22 HEBEEANDEA

WEICrER L7cEF V2 VT, B Ly b oRmERE
HBHET 2 AT A BEA LT, WHHFRGEE TR
L7z Ly FRMESRIRN LT, SeHE T 7 v 2 1R L 7o
ReeEO BT 217> T b, HIEHRIZTF 2 b
7= 2 M ERE IO~y 7ERE LTERT L2 TL
Ly FREOBTIIEH T2, IN6DFT—XIEEy R A
H— 7 EHIR ORI O 472 53, REEOJFIKNZEHE L O
SRR S U 7R RITE I § 5

3. Ry bRA—-TBHIEDFEIE(L

ABETIE, Ky FAAT—T7DORHIED L Ly P OXREME
W52 BB R PR 5 70092 L 7o VAN SRR
DVTIHRNB, SHEFHMIC L, 28Tl Ly R
HES AT 2 & BRNTRER 2 V72,

3.1 KRy b AH—TBRIERREER

3.1 EERNSR

wy bR A — 7 EHIE O ERGER 1E SCM435, SCrd40,
SUP9, CC12C14 (Z V) —> A v b2 a A HREIHD o 4 8
Tl & 0P 5SS L 7oe BB RO 4 HFEICOWT, Ky b
21— 7 IRHIE % 30% K R S LT\, B Ly b
TR 21T 5 7

312 HERER

vy FOXKAEMEICOWT, BiTOky b2 A — 7 KHE
2B 5 WETR AR 2K S 7B R o Hik &
B4R, TXTOMET, Fv b 2A—7LIENCHEE
T2 (hy FAH—T7 T Ly F~OERTE R R ATRE
i) T H 2N, HEEIN, BEEN, VY2 v ofuE
fkE Y MBUKE TR I R ER O NPT, TDIEh
5, SO SRMEIC OV TS, REUKEE 2 TN
FHIKL Thbe Ly PRIEMEICIZHELY5EZ RV VL2
%o 1212L, €Ly bOENRZEO S S 3HifEIC L > TR
35120, MAROEL 2 MEICERT 25513 E 0
EThb,

—J5, CC12C14 12 B W TS TR L TH
H (K4 (@), tREICL S plild4.9X10 ° ¥ @R
THEEDPRED LN, ZOIePs, Fy FRAH—7 DA
HIEMWEZL B2 > T Ly FOREIZ NS 2 0]
BEMEDH 2 e RS i, Zh3, TAHIEDNEZ 5

ko1 5}

= 3. = 3.

z 30 [y scMa3s z 30 (o) sCra40
5 5

220+ 220}

5 5

=10+t 510F ——

2 | - W

£ 00 . £ 00 .
= Current Test =2 Current Test
o o

z 30 o sup = 30 @y cciaci4
kP k9]

§ 20+ ;f 20 f

g g

< — <

310 ¢ — | =10t

5 5

£ 2

500 : £ 00 .
z Current Test z Current Test

[ = Sliver = Longitudianl crack = Star crack - Scab = Lateral crack Wrinkle|

4 BHIBICEBZE LY MiEDHE

Fig.4 Cracks occurred in current and test condition
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Fig.5 Surface profile of billets after hot scarfing
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