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Tire wear degree detection method based on fused texture features
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Abstract: The vehicle safety and stability during the driving process is directly influenced by the tire wear, and the
vehicle safety can be improved by detecting the degree of tire wear to find and process the abnormal state of the tire
timely. The tire wear degree can be detected with the sensor installed in the tire or the tire image directly. However,
the sensor installed method has high cost and cumbersome installation process, and the image-based detection method
requires more samples and the detection accuracy is not high. Therefore, a tire wear detection method based on fused
texture features is proposed in this paper. The training set was constructed with 25 tire images of 5 different wear
degrees, and each image was uniformly cropped into 12 sub-images, and the gray level co-occurrence matrix and local
binary patterns features were extracted by median filtering, and the fusion features were obtained by principal
component analysis and stitching fusion method. Then, the classifier was trained by sparrow search algorithm and the
random forest method with the fusion features. Finally, the algorithm was tested with 225 acquired images of different
degrees of tire wear. The results show that the average detection accuracy reaches 97.33% , which is significantly
higher than that of a single feature and other classification methods, so, the proposed method can be used to detect the
tire wear quickly and accurately.
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NN
| i

b o o —

VR R T R AR S B A A SRR SR EUEIR Y LBP J5 &6
SUHRRAE - DT 1 5806 5 iR 2 T B8 LR AE A IR BE ) . I
Ji . N T B A GLCM I LBP 2 BUAY 7 4 45 1F 51 s 2>
B RE R PCA HEAT M2 b 38 , 51 Fill & 79 28 R 1F L) 42
R AR R .
3.1 CLCM $1E

GLCM 23 F gt 5 2 0K 8 8 19 Ge 1o b 1 T4l ik
PG Y S0 BRRRAE , BB A% 1 348 A <08 18] B L 7 1) R 2% £k R
LR R A BT XA R SRR E 5

W 4 B, R T 3RAT 56 i 22 T 0 S0 ARAE . KR JE
EHNa MFEGESARE TS ATM R o HBER .
KIE R b R E BRI B P, ,(a.0), BIREER
A5 BRI J 80 F1 88, M A 14E 0°J7 I - | 1Al B
1B BB S P, (80,88) = 2,
£

e
Kl -

2

-

)

U

(a) BB X1
(a) Clipping area 1

K4 GLCMitHREHA
Fig. 4 Schematic diagram of GLCM calculation

(b) A1 A& s K BEAH

(b) Gray values for each point

XF T KRG R R T B 3 SR AE RS 1~ 10 B IR
JEE AR R 0 B X LG R TR BT RTAH OGP X 4 D RRAE
18, H AR AE o MIBUE Y 0°.45°,90°,135° (4 4 >4 & 7
fo] b 1) 38 (RN 24 5 AR AR o AR B — A I D 80 IRRAIE 1]
b 4 AFEE M E LT

BeH (Energy) J2 il i A5 K BE 43 A ¥ &) 72 i Fn 50 21
LA — A EE R A

Energy = EPi_L,(a »0) (2)

55 HL FE (Contrast) S W T P65 F % MG 152 A0 5080 66 1 40
Wik, HAN .
Contrast = Z(a —b)'P,.(asb) 3
[A] 52 P ( Homogeneity) J& i 5 20 B = 355 15 41 72 BF 1Y
B A EMR P R — o . HA U .
e 157



5 AT & v F o

T # K

P,.(a.b)
Homogeneity = E gd 450 .

1+ (a—0b)°
HHIEHM: (Correlation) 2 X FMGUIK B 4 1M % 1 1 J3E 4, o
T UG BE AR T /KT s L ) AR (LR B, LA
(a—p)b—pu)P, (a.b)
a.b 0.0
K s gy SRR RGN o ITEEMATEEFRR ZE b
FFTERISN M S 0, o, 53 TN RIRB TGN a FTTE AT IR 1R
ZHURRAEN b TR FI bR 2 .
3.2 LBP4$1F
LBP J&— i 1 38 8 Jm) 38 S0 B0 R R AR . A&l 5
FiR . FE 3X 3 M X IR, A I P R R IKEE g
8 H JE SR 8 MEEW KM ¢ (<8 45l 5 g, #
T FH BB RIKEERT g, WZAR R S 00L& B
FRig 2l 1, & W2 0, FE AT 5 M 4 5 )5 4 33X A B0V S X 3
MR R R LBP H, =Rk R .

N—1

Correlation = Z 5

LBPyx(z.oy) = > s(g, —ge) + 2 6)
1, =0

s(x) = 7
0, x<<O

e oy ) AHFLBR AL DR Z NG . E 2
R 18] DXCSFR A rhoOR R S R AB 3, N A AR B R T A
B g MARBER | DMEER SRR IEE . 8oy ) B B A
33 IXHHLY LBP Rk k47 9008, 75 3] 1 B A48 i &
(1 LBP FFk [ 3

LBP

—

A 5

Fig.5 Schematic diagram of LBP calculation

LBP i 5# B H

3.3 PCAM#ERRE

PCA W] LLRRAR SR (9 2 )3, O R AT RE Ok 7 D i 25000 1)
KHEFRAE . PCA A% O U N 22 2 8000 e 0 31 — A
AAR R G T T AR AR TR SRR T e IR 2 9 ek ) 6 ) HE
G, FEIXAS BT AL AR R G B — A AR ARl b Y O 22
KARUGE W X H AT PCA RRAE IR 5 £ B B8 v dme 2
S5 R R AIE AT THBR TUR AR B .

DL HERRIE X = (a0 A, a0, AR BYRRAE
ALRE X WP 2R RN

iiaf iia,‘b,‘

m iy moi—

Con (X) :iXXT: ®

m 1 13,
z;a,b, ZZ/;,.

i=1

+ 158 -

st Ea AR 7 2 SR E (s Eaz e

BB P IT 25, "R FRIE Z R AH G . o T SRR AR 22 (8]
AR G B A RRAE 2 M AR IE 28 Wi 220 0, W4y
3 C8) TN Jy 25 J W 3R A7 R AE 40 A o T A5 31092 0 B 1Y)
HIE 1) B2 RO R AR AE (B A, Go< ) K RRAE 1) B 2 1 Ly
Xt L R AE AR A, K BN E BT HE T R BRI & A 1) o (B <<
WOAVER E Y, AR E T A MM R P B A AR
IEAE A, > X, > > A, WL AT & 485760 0 R B0 5
By 2 BER SOR A -

DA,

g = €))
Y

R85 GLCM $RE 1 LBP R 1EJ5 . % 7 2 5 1iF 1) 4

Sy AR PCA B2k, B B 2 S5 1) 195 28 R A0E 1) B BF 22

B o PHERNE K AR R AT A — R A A R —

AR PR B RE R W T R AR B, Hl i PCA B

AP A R IE M BTN B EA ., EREET

BRI v R B AR S e DR B X S R SRR BT A

99. 50 LA P I RRAEZE B2, P9 28R AIE 18] 82 19 3 B 43 ST R

K6 Fis .
90 70
80 60
70
50
d 60 o
= s
% 50 ?éi 40
B B
R 40 KR 30
2 2
# 39 H
20
20
10
10 L
0 2‘0 40 60 80 0 20 40 60
GLCMAHE 3 243 LBPHHIE 5>
(a) GLCMFE B4y (b) LBPE B4
(a) GLCM principal component (b) LBP principal component

Fig. 6 Principal component contribution rate

PR IE M B 20 PCA B4k J5 B 3% $2 50 L Ph 3%
B A 7 FTR, TEQRE 99. 5% 1 PCA 3 L 4) BT K %
T FE4E SR GLCM FRAE [l £ K B2 6. LBP RFAE i) £ 1 B2
23 PHERG A B RHAE [ A 29,

4 HEHFiEGENR

Gy Im) R B HA R R AL A ST P ) B A L M R
WAL AE S i 18] B AL (support vector machines, SVM) \K-ilt



BRFE A 4 K T k6 S22 45 A8 0 46 16 B AR AR M Or ok 517 W
100 Xy — X
. Q-exp(%) i>n/2
98 +GLCM§EW§ 95 o— LBPREAE i it X, = [
o 99.5% TR - = =99 5%FTRRE X0+ X, =X AT L i< n/2
94 % (1D
£y s ARBTG5 0 JRRAE SBCRE X7 e+ 1 4
@90 @ % ERE R E SRS Xe. NHR2SRERZED
gsg § B ;A FBRITTRFEVIRA 1 30—1 09 1 X d 5.
H H 7 MR R ISR B R A E R AT .
86
70 X T X0 — X0 | fi > o
84 1
g ' ‘ X/A.; 7Xiwm‘,\'1 | -,
82) 65 X“,‘FK (m) f, _fmax
L L ') L L
80o 20 40 60 80 600 20 40 60 (12)
GLCMBHIE ¥ 4 LBPHFEF R4 Kr: X F1X L. 5300 R85 ¢ Yk AR e A o 25 A9 A
(a) GLCME 4% (b) LBPE B4

(a) GLCM principal component (b) LBP principal component

7 e Rt sk R

Fig. 7 Cumulative contribution rate of principal components

B8 1% (k-nearest neighbor, KNN) \RF %, K [] f HL #% 2%
S SR XoF 4 R 8 RS B K i Ak RE ) 23 7 AR N TR Y B2
SVM 7 2b 3 i A 457 A0E 50305 I 75 2230 UG 36 19 A% o 550,
T 20y R 5 1 L G . KININ X R 75 0 S (0
TR L AE B AS 74 1 T 25 82K . RE 1 24 TR SRR 4R
AT AH T RS A e B T iz Ak e 0y, FE b
YRS R YRR IE I BORBLAF . 5 B3 RE (19 56 B £
WY e INE AR AS S 502 B W 43 ORI AR SC
BEFE SSA X RF 70 2648 Z 8k 47 ik, 1 57 SSA-RF 7
FKr.
4.1 SSA-RF 4y A H

SSA HEAUURR A 75 T £ AR S0 K W B P AT O S B
TG AR R G R AR R AR R R B4 S R B
FEMMAZEME., RAENEREET, AR REEREKX
RN 5 1) A R I SR AR BB R I S 4 v o
BRI 24 35 v R MU [R) P11 B B

BRRERNRE A o FURREE R b — A 33 200 Y
JRAE Ry R B e A AL R A A

X, °exp<— - ) R < ST
Xf’_jjl = a e iter ., (10)

X', +Q-L R =ST
Kb Xo, W HERETES ) AN AE G « AT
RAREL o L0, LIN I BEDLEL iter,.. FEBRIERIREG R
RO 1IN B BENLEL, AR BUEAE; ST #H[0.5, 1 ]I H
B, FOREAME: Q ARMNIES S BHLEG L 2R 0E
11X d SERE, 4 R << ST W, 4% 16 22 4> {H 75
LR REAE X 4, R E W RIEFEB K Y R = ST i 4
EHEML RIS B Z 2.

TNAE WL B AT .

s f S E ARG R A 5 e B S i TSR KN
Ie/NIE AR s B o AP R A T 2 B I AR o T 2 4 A
MREDLEL; K FORBRAEM BB m, B[ —1, 110 ML
B e BRM/NEELBIES RO, 0> [ I S HTRRE 5
WA EHEB T [0 = oo W FEEDRRE S BIRBIER B
TXCHB SRR AL T S 1T S Al JBR ke AR AT A KUK

RF J&—Fh T bagging MG MR N T )ik, B4 G
T 24P KR T 45 2R o 52 AR Y Ay iR, R
SRR ST X i AFEA AT 32 RO 8 3 2K fR . RF
fill B 223X B 1Y 58 43 2R Al L 8 5T 2 A SE AL R i — 15
TSR A RO R T TR A o AR Rz AR R

RF A 2525 I B AN 8 JiT 7, 1R /T 25 0O 25 44 1) 1R 5%
R 8 A AR A5 PR SR AR AR
G R AR A A, PR AR S SR T Rl A R AR B ) 50 45 L
T R AR PSR R 23 S 2 R . Hov, B MR T SR R 2
T 7025 5 BT 809 (classification and regression tree,
CART g . FERR CART M 23 M 37 37 A 5 i AR AS R ¢
4 A8 ORI T TR ORI SR A R LR G, UM
A 2B E R RE BB 5 .

Pl £ RFAIE
Bﬁmﬁ% 1 F‘J‘E*Miﬁw I?Jﬁ*ﬂ.%i%-N
ZR1 R ZRN

|—> %%tﬁ% 4—'

E 8 RF /2

Fig. 8 REF classifier
TR B A Y R B/ VE AR BIUR: RF P 6
SR, T SR N B0 T R 4 1R B R B MR RE RS E L B
SEIIMIH R A R YN GRBst [B] Y S AR /N RE A BCAT LA

* 159 -



AT

v F o

T # K

IR AL (32 Ak B8 F7 . {HL AT BE 2 BRI UI R B0 i LA
TEYI Sk SSA-RF 43 5 AU}, 75 B X WA~ S Bt 17 1k .
SSA Bk, SRR E R 20, e RER WA 30, 1%
TR 3 I B2 R B, 32 AR R A I B R 2R n B 9 B
Tt SSA ARG I Bk 56 W B i AT AR SR /N AR By
R 160 F1 9,
0.160
0.155
0.150r
0.145
=
2 0.140
e
0.135+
0.130

0.125¢

0'1200 5 10 15 20 25 30

EARIH
B9 3 RE 2

Fig. 9 Fitness curves

4.2 MHXERK LR

SR ATZ 05 . R 5 A 4688 B2 19 225 5K &
AT, 0 3 3 o 5 1 2 Bt A D 1Y) TR 45 6k B R T
AP BRI A R AE R I 2547 1 SSA-RF 4325 25 X il
GRHEHEAT 73 25 W 4 — 5K R 07 7 R R — 4> 43 25 45
W F—akR G 12 e, AT RS
WA M 8 AR 5 O R AT A R A R A AR

TR 5235 38 28 25 7 A [6) 1L #f F0 200 0 1 48 87 BB R
) P AN A, 7 45 3 2 oo i O 3 7 R b 2 A 19 R A AR
b, AR 43 28 45 % TR) — B Y 224> 3% 5T R T 32 it
e S N R 3 = e =

ZEFIPOME N RGE S NI IEEEE 2, H I,
ALV T — PR 35 4R 5 R A7 B A E I BT %, G
ER /T

1

eight = ————— 13
wers 1+ distance (18)

K. weight FMBUHE, distance F 3859 EE AL 5
Bt SRR,

IR B R Z AN E 10 B, Z2 B S # g A E
XSRSy . K R 33 B AR R 43 K 12 sk Y
TR S B9 e DX, 2 €635 43 by oot XK, 2 DX 38R BY
PEAZ I FE B 0, 48 (030 40 SR A 4B X 88, 32 (X 3k 2% BT 1R 1)
P B ICR 1, 0 € DX 35 B R A B (R V2, R A
EE A E R,

TS 2859 T UG 0 B (B S, % G 6E RE Y 43
28 I 25 T M R AR M, S SR SR T A 25 500 I BUE RN
AT Al A B 28 B S I R o 28 45 1L . R
KA

+ 160 -

I

10 A SR = A

Fig. 10 Schematic diagram of weighted voting

W, = max{ ZWl , ZWZ , ZWS s Z}W,I s EWS}
(a4
Hep, W, W, W, W, W, 4r51h 5 4~ 5 F2 B 2 51
BIALEE A, W, by b e OB AN, X R B 28 51 ) Ay e 26
(43 2 45 5

5 XRERSHN

A S8 {8 inter Core (TM)i7-12700H CPU F & #%
Bt 16 G W32 17T WAEAE B & L 2 4038 1 AL 46 16 1E
T R 04T R AR R BG  HER K /ANH N 1 024 X768,
YNGR o HEE 275/80R22. 5, R4 &5 AR ML B 1A 1H
30 cm, XF 5 Bl [R) B 10 BE B0 48 16 40 SR 4R 50 Sk AE 8K
PadE . oo, A 25 B 40 R BE B ALk B 5 5k EHRAE M I 4
B HAY 45 TRAE AR .

MR rp, R RS R H R 4 2 3 AT 88T, TR
MR KN 256 X 256, $2 B BT T B L ) GLCM-
LBP A, 38 22 % W5 28 R AF 43 3 #F 47 PCA BRE IR Rl & J5
330 ah A SO ARIE . U 2R 1) SSA-RE 4325 %8 4 il & 4L
FRREAESEAT D0 545 2 1 PR 0 B8 10 RG I 455 51, I S s o
BB JE 0 F B AR 25 EAT S R A5 30 B 40 0 A I &
225 I3 A B4R ) YR VS R AR ARG I 25 SR AN T 11 TR

45
T B 4 0 0 0 0 40
35
42 B BEAR 5 4 1 0 0 20
® 25
S mpmsm o 0 : 0 0

i 2
FERER 0 0 1 44 0 15
10

SEA B 0 0 0 1 44 5

0

TS BB h B T REER BB
S

P E SR AR VA S

Fig. 11 Confusion matrix of test results



BRFA AR . A T oo BB IEN RS BERAR AR F ik

BT

FH YR 40 4 1T LA L 250 S IR S5 SR R A 6 AT
T 5%, L TR0 5 2 01 45 5 I 2 ) 2 AR 4R L OF 35 v G 3
KB 97. 33 % . FEAIE B T % 05 k% A8 i S R B A 0 )
g,

S HEAT X LGS S 4 ) B U IR BRI GLCM RR1iE
LBP $:4F  HOG R SIFT DU ERAE , 23 591 F) FH PO 28 45 4F
KA GLCM 5 LBP ##E# 1T SSA-RF 4328 &5 19 Il 2k Fi
TR, 75 SR [ AR 58 BOR A B R 45 SRk 1w,

R 1 TEFFAEEE L

Table 1 Comparison of the different feature selection

SEPURE GLCM  LBP  HOG SIFT GLCM-LBP
WEWR /% 94.8  92.76 87.48 84.74 97. 33

M ERFLIE L R4 GLCM-LBP $-E 5 1Y e 40 L
B — A 5 AR TR T Ao o A A SR S H AN Y R 4 R AE
5 BB Z5 A R LA i A TR T 0 i R 0 T B ) ) )

FET A SCHY Tl A SRR AE L RE 43 25 2% 70 %6 1 B8 10 72
FEBIAE 5 b SR B T e, U o B R R Gk
97.33% . IEIXTHT BAT4 285 3 & A SVM DL &
KNN 5328 2%, Zad s ik, 203 SSA M fkjg SVM M
KNN 4328 HEn 343 1 K 87. 56 % il 83. 56 % , K T4 3¢
1 SSA-RF J7i6 F B 4r K AMER 2R

6 & it

BT T PG A 0 I 0 R R A T o AR e, i AR A

B 2, V8B SU AR AR B — LR DUORG 32 35 AI 1 (] 880, A% 3
PR T — R TG SCRLRRAE 1 B0 G AR B A U i
T XD A BRMR BEAT B Y RS R T R G TR
B GLCM 5 LBP $#1E, i3 PCA [ 4EHy il & 8031 4y
fiE, SRAL T FRAERE RT3 & T AL/ AN [ RUBE T Y 35 1V g
J1o LT SSA-RF 73 2R gAY, il /b 43 26 45 2o 0045 5K
P AR, o 3 BT 1 AR o 28 45 2R 4 I AR 4% 52 4 i T
T AR L BT RS [ A A7 208 RS b O X 00T
VS A0 R ARG DN 14 L R — 2D B R TR A A 3 2R ME A
HizAotkag, mAAEMIRE Vs Rk 5] 97. 33%,
AH LB — SOHARHIE A SVM 5 KNN 4328 J5 i, fEff 22 1] &
P B UE T AR SCTT R A RO R
5% ik
(1] ARl RE. e AR MFAE I H A E F s

PHAEH (2022)[R]. dbAT. AR EE BR . 2023,

Traffic management bureau of the ministry of public

security. Statistical annual report of road traffic
accidents in the People’s Republic of China(2022)[R].
Beijing: Traffic Management Bureau of the Ministry of
Public Security, 2023.

(2] PeEbhde, a0 B3, . 56 w50 AR £ R OF

(3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

ek RR[I]. JEHAI . 2021, 43(7) . 83-89, 94.
PANG B W, CUI M, YANG K,
development of tire tread wear detection technology[ ] ].
Nondestructive Testing, 2021, 43(7): 83-89, 94.
XA, #haak, miim, & ATERERASN
SEIE B TR AR [T, WF TR, 2024, 46 (4
617-625.

LIU W D, HAN Z ZH, GAO ZH H, et al. Real-time
pavement recognition technology based on intelligent

2024,

et al. Research

tire system [ J]. Automotive Engineering,
46(4): 617-625.

G 20 B A ) g AR b R A TR A R BF ST 4
i 2023[) ], EARFMR, 2023, 36(11): 1-192.
Editorial Department of China Journal of Highway and
Review on China’ s automotive engineering
research progress: 2023 [ ] .
Highway and Transport, 2023, 36(11). 1-192.
NGUYEN V H, ZHENG D, SCHMERWITZ F, et al
An advanced abrasion model for tire wear[J]. Wear,
2018,396: 75-85.

KARKARIA V, CHEN J, SIUTA C, et al. A

machine learning-based tire life prediction framework

Transport.

China Journal of

for increasing life of commercial vehicle tires [ ]].
Journal of Mechanical Design, 2023, 146(2): 020902.
EAW, BEH, @M, & ETHSMENRIG
AEGCHE W B R ()], B Ak 5 &R,
2019, 38(4): 66-70.

WANG X B, LI AlJ, GAO J SH, et al. Study on tire
tread depth measurement method based on machine
vision [ J .
Technology, 2019, 38(4): 66-70.

CHANG W H, JUANG R T, HUANG M H, et al.
Estimation of tire mileage and wear using measurement
datal J]. Electronics, 2021, 10(20). 2531.

SRS, TR, KB, 4. IR AE T B R IR B BRI R
Gecit[J]. A AL, 2022, 44(3): 72-74,78,
ZHANG F R, ZHANG F, ZHANG Y, et al. Design of
intelligent tire wear detection system for automobile[] ].
Electrical Automation, 2022, 44(3). 72-74,78.

B, B, Wke, & LTSN MR R
R 4G I &R g it D). il iE Ik A 3 k. 2020,
42(1): 10-14.

CUI M, YANG H B, XIE SH ZH, et al. Design of

Foreign  Electronic  Measurement

automobile tire wear detection system based on
machine vision[ J]. Manufacturing Automation, 2020,
42(1): 10-14.

ZHU J CH, HAN K X, WANG SH L. Automobile

tire life prediction based on image processing and

+ 161 -



5547 % L L I S
machine learning technology [ J ]. Advances in gZ[J]. IEHRGENH, 2021, 30(6): 88-93.
Mechanical Engineering, 2021, 13(3): 168781402110027. WANG Z. REN AN H, LI SH. Tread wear detection

[12] KIM K J, PARK H, KIM T, et al. Comparison of system for automobile tires[J]. Computer Systems &.
performance of predicting the wear amount of tire Applications, 2021, 30(6) . 88-93.
tread depending on sensing information[ J]. Sensors, (18] Z¥, HEM, W, 5. L FHLUMEE MR
2023, 23(1): 459. FESOH L BE R I 5 0 M (D). P EHLAR TR, 2021,

[13] MEENA K K, ARIEF I, GHOSH A K, et al. 3D- 32(14) . 1646-1652.
printed stretchable hybrid piezoelectric-triboelectric LI H L, DONG Y D, HUANG ZH H, et al
nanogenerator for smart tire; Onboard real-time tread Similarities detection and analysis of tire patterns
wear monitoring system [ J]. Nano Energy, 2023, based on similarity theory [ J]. China Mechanical
115 108707. Engineering, 2021, 32(14): 1646-1652.

[14] Wz, FEER, BTN, S5. BT %0 pooim s BE i 3 T 42 i (197 3SR, R—2. JT G A VR 4 26 B0 P B e A I B
s AR Ry 22 s (T, b E LA AR, 2023, FHERLT]. AR, 2023, 44(8) ¢ 1-20.
34(22) . 2737-2745. ZHANG H D, WU Y Q. Research progress of vehicle
TAO L, TANG Y, QI W J, et al. Classification test assembly defect detection methods based on vision[ J].
of tire tread wear of passenger cars based on in-wheel Chinese Journal of Scientific Instrument, 2023,
acceleration[ J]. China Mechanical Engineering, 2023, 44(8): 1-20.

34(22): 2737-2745. 1EEEN

[15] =z, RtLE, BER, %. BT GLCM-HOG # BRPAZS . W1, EEEAFS T A R SRR AR R .
WOA-ELM MEL R IR B2 BT J]. 8 E-mail: 1339173980@qq. com
FURFEA , 2023, 46(20): 156-163. ] 3 G A3 1 200 - B0 L -4 2k 50 B B 5 7
LIY, WU SH H, YANG X J, et al. Fault dingnosis iy Jy st 8% % i 2 1 5 i 1 o 5 25 2 ob 304 B0 80 B I
method based on GLCM-HOG and WOA-ELM for A,
reciprocating compressor valve [ J ].  Electronic E-mail: zxw@guet. edu. cn
Measurement Technology, 2023, 46(20): 156-163. XU Sd & LA, g T AR T, ST T o A R RS RE N

[16] LIU H B, JIA X H, SU CH H, et al. Tire B AR ARGIR.
appearance defect detection method via combining E-mail: pzliu@hiway. hk
HOG and LBP features [J]. Frontiers in Physics, BRYLST, AR, TREUG, TS HF5E )5 17 2 BE 4 G & 1
2023, 10; 1099261, g

(171 EB., LL5E, ZEW. 4506 16 B 518 B A &R E-mail: kelvinchen@ hiway. hk

162 -



