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Research status of defect detection in X-ray images of all-steel radial tires
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Abstract: All-steel radial tires have complex structures and there may be many defects in their production process. Im-
age processing technology can be used to detect the defects of all-steel radial tires in X-ray images. In order to better sort
out the existing algorithms, we have conducted research into the current defect detection algorithms for X-ray images of
all-steel radial tires. First, we studied the current status and development history of defect detection for all-steel radial
tires. We then classified the defects of all-steel radial tires, and made an introduction to the main detection methods for
these defects according to different defect types, and analyzed their advantages and disadvantages . Finally, we pointed
out the challenges in future research and look forward to the development direction of defect detection technology.

Keywords: all-steel radial tires; X-ray images; defect detection; image processing; machine learning; dictionary learn-
ing; Fourier transformation; Gabor transformation
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X-ray image of All-steel radial tire
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Fig.2 Common tire defect images

FEFLRAF TG, I KA i 5 27 5 R
A DT JE 553 ) T 8 I BB, 7 8 BB R S A
R G B 2 ) 4 X g G R R AT 4 25,
{ELIX 2677 VA A 52 iR e B 4G D U0 B8 15 B AR 4
BN . 2R BRI N B A 2 0%, N 22 A7
2 2 BOMHES ) 7 3022 SR, A A Y o i
P, I ELAS RIS 20 1 A IS B2 A4 AN ],
HRRIG B IREEAY IS o i T LB R A 755
THL AR LT B4 5 I ke e A 0 AR 8 1 52 B IO
AR Ty S A A S

FUAT, [ AR B X AR FRGAR H  T- 7 46
RAGSEREMALE 2R Z . BN RER 7R o
fif A TR 2 38 2o X A i PR BB I S BT R A
TSI 5 2R bR 2 1 JEL R A1) Bt 1 DA/ INIBE o f
B R 2 ROBE I A 3805, WAAs Tt
MR 5 LR I 28 2 1 5 i A5 DRI 422 1 )
LTV A1 VM 8 I 5 R R SO AN 500 8,
T HEAT 58 iR e B A 00, B % ) a5l o DX a4 7 1
SEANL; SRR sRE S R T R T
3 RRAY ) % T (ol B AN i, BB A A I 1 6 Ak IX
SR A R BT A AR R EE AR S B
W, AR BAT — B 58 B/ L i I 42 A sh8 G s
MR 2R 48 o A SCAF X N B 248 B 1R iR
XM o R I R ik AT B AN S, A 4 4% 2
B ARSI 4 3 07 12, ol o ST 1 B G e 00
e, 8 T AR FE I A PR



54

FENIR, s 28 TR AR XOGH QA9 B R B2 SR - 795 -

2 sk a0 E R H ik

R 56 1 B Bl g 4R E T &) 43k 3 28 B, 4%
TR 25 RR BB L B SR RN DX SR B o 2 A R
JEAEE A G DX R A A5 2R FE 2540 1 S B i 45
WIS, B NAT A8 S| A R 5 R SRR
T 5 NG X 6 R K BE A B 25 . I B A 1 45
JRPEB G, U0 o A% o BB 5 27 3 2 S X e e
B2, 90 200 Ji e DX 3R A 2 T 24 | A o2 I S R

0 St o A I B 1 e R 3 AR AR R AT 40
Ut e BRI T AL 3, 8 IR bR R
Wh R L, TR R AT RIE X R
X OGS HEAT X R 43 01 5 R 4% X sk 1 2
PO B, AR BRI IR e . X 22 B o B0 O
EUSERINIOD W CUR I} AlI
2.1 ZEHIERFA

B NG Y 25 R0 B R AT AR B R AR
T RS A L NS s R e ey A OB SIS
2 (a). (c). (). (g) FT7R o X He bl b 2 B JE AT 26
() LA 5 B L T Tr) | s £ () B 26 ROH e ok 4
B o AT RENE MR X AT LR 45 M AT R B, TR L
T T R B 2RO B Ok, W R BB AL B A
A" AR B IR B R IE Y | R 5 46
JHCP R AR AT
2.1.1 HERX

JiG A 19 1 42 38 SUAE A AR EHR 4 o 2 B
e, — R DU 2 AR, RN 2 ANHE AR
A3 35 ARl 3(a) B . o5 — R Ol 2 5%
LR IEsC o HE IR AS, F B R — 438 X, an A
3(b) AT/R o FESEBRAG L A5 4R A8 X280k 2 5%
2™,

X/t

(a) AFERACIL (BE)  (b) PR (IEACHEIESS )
B3 wEIXREER

Fig. 3 Cord cross defect images
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Fig. 5 Carcass area cord cross defect images
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