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Abstract: A method based on morphology and projection histogram is proposed, which aims at detecting
impurities in the sidewall and shoulder of the tire. Firstly, image preprocessing is used to segment the
sidewall and shoulder, decreasing the negative influence caused by the tread pattern. Secondly, the
binarized images are obtained by using OTSU in the local area, while impurities are extracted from the
background by morphological operation. Then, vertical filtering is performed to remove burrs. Finally,
the impurity is located by vertical and horizontal projections. The position of the impurity is random, and

the projection curves of impurities are consistent with the square wave model, so the impurities are filtered
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according to the above characteristics of impurity. The experiments show that the proposed method can

effectively detect impurities in the sidewall and shoulder outside the tread pattern, and that it can also meet

the system requirement of real-time performance.

Key words: tire impurity; defect detection; projection histogram; morphology; square wave; vertical filter
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Fig. 1 X-ray image of tire
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Fig. 2 Samples of tire defects
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Fig. 3 Flowchart of impurities defect detection on tire
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(c) vertical projection histogram

(d) segmentation reuslt
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Fig. 4 Segmentation of tire image
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Fig. 5 The result of Gamma transformation
U000 P10 L5 T 4 DAy 1 sl A R o e 5 T i 00
PR BT ArT 50k 2L,
2.2 RFRFFBERPEK I
TR AT REH R B R A B AR SO i B R TR

KAk R AT
2.2.1  JRib Rk
KL AR OTSUNS, AR &R 0 K L 115
oA B B PG 43 A i S RN S S 4, BV A5
(k) =08% /8% (D
B e RAEI R BIE £, 20, 0F MMy 22, 0%
RN H
0% =we0 +w, 6% (2)
0k =wo (o —pp)? +w (g —pp)? (3

L

,ulzzip,-/wl (4)

i=k+t1



52 T EAFHRRFFR

% 49 &

L
w = E pi (5)
i=k+1
N,
Pr—Nf 6

Ko pos e 5 pr S0 00T B 5 CEAR AL
wo 5wy AHET S ST RN B, p &£
NMERIIKE R @ SR, N S ERR R S
N KR @ MG REGL NEUR KB, —
H 256.

BRAEAR R R I ML F i S 5 S o
B A 2% T T AR /N L ARME S ] PR A A JR P 4y
Af7 o PR FRATTHR 0 Ry 355 S HE I X TG I i I AR A 7
TAEA. 2 2RI, S 1R/ R 5 X5 I AR
515 SERENS Ry 1 4 T L T L BE A5 3 G R A R
5 B A o e 41 55 1) R
2.2.2 JEARFWIK SRR

WK 6 B . B 6 () hy Jay il Rk (B AL 5 1Y
SEIL 2 S IR A — A Tt (AR 1 R
b BRI 2 B, ME RO

(b) the morphological
dilation result

(a) the binarized image
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Fig. 6 The result of morphological dilate and vertical filter
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(a) horizontal filter
template
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Fig. 7 The filter template of vertical filter
O\ 1) YR T R A A AL RIS R AT S
P 7 BB B 2 4 TS BB 1) —(H 1L
AR, I )5 SE B MABGE E I 2 7B, Hh
[ 8 P AR AN 8 (b) Fis.

N

(a) the result of vertical filtering

(a) vertical filter template

(a) the morphological dilation
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Fig. 8 The result of vertical filtering
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(a) impurity detection result

(b) horizontal projection result

(b) vertical projection result
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Fig. 10 The projection result of horizontal and vertical
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Fig. 11 The tread pattern of tire shoulder
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Tab. 1 The results of impurity defect detection of our method

EDR IDR DTR
Sidewall 0.0 0. 999 0.98
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Fig. 12 The result of impurity defect detection in tire sidewall
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Fig. 13  The result of impurity defect detection in tire shoulder
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