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Detection of bolt fastening state of locomotive bogie based on image recognition
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Abstract: To assist maintenance personnel in detecting the fastening status of railway locomotive bogie bolts through visual image
analysis, a railway locomotive bogie bolt fastening status detection method based on image recognition is proposed. Firstly, the YOLOv7
algorithm is used to quickly locate bolts in the image, and the strong robustness and generalization ability of deep learning algorithm are
utilized to accurately obtain bolt target detection results images including bolts and their positioning paint in various scenarios of
maintenance. Secondly, the bolt target detection result image is converted into YCbCr space, combined with the color characteristics of
the bolt positioning paint, the Cr component image is extracted, and an adaptive segmentation algorithm is applied to effectively filter out
background pixels to obtain a binary image containing only the bolt positioning paint. Finally, based on the differences in shape,
position, and angle of bolt positioning paint, Hu moment features were extracted as quantitative representations of bolt positioning paint
status information, and a classification model was established using SVM to obtain the final bolt tightening status detection results. The
experimental results show that this method fully utilizes the characteristics of railway locomotive bogie bolts. While ensuring the accuracy
of bolt target detection and bolt positioning paint segmentation, the accuracy of bolt tightening status in railway locomotive bogie bolts in
all scenarios is 92.42%, the recall rate is 94. 55% , and the average accuracy rate is 93. 28%.
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Fig.2  Model structure for testing bolt

fastening state of locomotive bogie

J2 % MPConv & FUZ M, E-ELAN B2 = 80R &
M2, 51 AR RIRFIE L ) T e > ZRE AR RRAE  FEAS
MR TR AT B0 BE 118 0 aF — 25 48 THRRAE 24 T g
MPConv & FZ7E CBS JZ5:nl_F 14 hm Maxpool JZ Rk
3 Sk B R 5 K B R TE K, SR )5 i 3T Concat FEAE
X 1T A SCER U AR UEAT RS B2 X 4 1 R IE H B
BB Sk 45 1 I A2 23R B R AIE 4 38 I 45 25 4
(PAFPN) , HIE ] _E A K E G B ER S L35
JZ, TS AN ] J2 YR R AIE 1Y) 35 A4l 75 o Prediction A58k
X} PAFPN i tH i) P3 P4 PS5 X 3 N RUBERRE#E4T K4
WEBOHE, e 20t 1< BT B EE 90
A7 P N

WREREM A G 1 BUR R R GG AN SE s H F W
B EMG R INGR T E 640x640 KN 5 AF] YOLOVT B2
FEAIrp 28 g R ) B e A A TR R B 0 A
RN , A IAE 6L & B 15 B A G BE Th , K IAE e 7



- 146 - LSRRI SR A LRI
BABTAAAER , ,INARHR ¢, AT IUAE B4 57 A, AU AE B9 58 Xy =c, X W=W/2 (2)

W;o

FH AR i T AT U — AR B S ¢ A
WERS H, FTE W, BRI (1) BoR, 72 AR (.,
va) HHEINA(2) Bios

H,=h, xH

1
W, =w, xW (h

Y =€y X H-W/2

PRER T BAGFE KT Th (ARG IUAE | 5 760 A 4G 0 A
HEATAR A ] (NMS ) Kb #2545 8 5 (9 K U AE | Fy
AHEASH 3] 100 A P ARG D0 AE BRIV 1 e Az 00 25 2R PR 45, -4
HAE 88 AL A 38 0 43 R AR

Input Backbone

6406403

'@wmﬂ%@w
v

@D Em e s

Maxpool —»

3

: K
Maxpool
@ Maxpool
: }- ——
Maxpool I
L

|

t

o EEENE-

= Upsample

Prediction
[ Covv S REP R
20x20%85
B oo
40x40%85
A
.

80x80x85

Kl 3 YOLOv7 P44ty
Fig.3  YOLOv7 network structure

1.3 ETHENSEERENKENERREMNESE

IR S (VR 43 E A T AR RS YR B ) S Ak A
FIEE , A3 0 0 S5 B 2 i B 2 i TR I 25 R, R R
BT A0 R 25 1) B S B A B s (T
158 RGB (AR 25 ] Hh &N o AR DGy, HI 5 5%
JEAR B RS K8 TAETR & KT, 72 3037 AR TR
BF BB AN [R] DX T R 4 380 1 P15 e S R B I S 25 e A
K, AFITIRF AL ER A 43 ], T YCbCr 88 25 [ v iy
3 (IS Y, A 4 & Ch Fa @)
i Cr) Z RIAHE ST, Ch @43 M Cr %/ A%
ELRE YR THL, BORERAE YChCr (85 25 [A) R M8 4 12 fif
BTG 0%, N RGB % 28 M #5 #3] YChCr (8
2 LML A = (3) B

Y

)

Ch
0.299 0.114 (R, (0
{ 0.5 -0.4187 - 0.081 3] c) + (128) (3)
-0.1687 -0.3313 -0.5 |\B/ 1128

LAB 4 (a) Birm (9 8868 F AR K I 25 SR 80 91, o
Feft %= YChCr (R 23 IR IS ST B S, W 4(b) ~
() F . H TR 0 8 COR RS AE W 2, 0T LAFE Cr 23
] R S R R A O T Y K
25t

TE] 4 (a) bR C— 2 B4 o0 IR AR SE O R T
TR 3 AN BRI, W S B, £8
R ER Cr 3B B AR T 2, S8 5 (6 % BT 7E IX.

0. 587




12 3

BT BUGARUR A BR I L A=A i 2R A 35 AR G - 147 -

(b) Y&
(b) Y component

=

(a) A

(a) Origin image

(c) Cbr it

(c) Cb component

(d) Cror it
(d) Cr component

B4 YChCr (R Z [ 4553 fit 4]
Fig.4 Component image of YCbCr color space

3. (8 ~ 36 pixels ., 58 ~ 83 pixels) BY K & {E 75 Bl 7E 155~
200, 175 55 FTAE DX 3800 0 BE (B B AE 150 B R 72 30, 1R
e S AV DX R 1 3 3 T 5 DX A R A,
B Cr 3t b AR RE 0L 8 15 75 5% 22 M) A K 3 22 {8 AT LA
VE R I SEAR A RE L H A 20 1A B A T AR

250+
—Y
——Cb

—x—Cr

200+

20 40 60 80 100 120 140 160 180
BERAIR

5 YChCr (8% ) 4% 73 W JE () ThT 2k 4]

Fig.5 Gray scale section line image of each

component of YCbCr color space

Otsu 7511 J& 3 T K 2 ) Jy 25 3R B4 Jay 3 1 1) —
ol 15 285 0 ({401 v 3 4 1 E AR RO B 22 W I
BT o AR A TS B9 AR 2 (O3 15 1 5 K E {1 22 e T
P AR Jr 25K DRI, Ry M A U A o o7 3%
HARIX 8, A SO0 Cr 438 W H Otsu 50325, IR X5 3381 5
FY B AR RGN T H A 0 I 25 B 75 A, DAk R 20
ZEIL | B 2 IS UG AT B4 5 B R Y L (E
I

Otsu 12 Y JELBRZ A P (B R P8 o3 iSRS 5t
oy THERT SR 5 22 RIS AR I, Bk
SEER A

XFF—MEER 1 IKEER Ny i A5 S B P,
H

P, =s/S (4)
Kb s, WIRBEGN i ’ER AL e [0,L-1],L K

EUG IR BE 98, S B AR R s B4k

B G 1 AR 2R AR BRI A I E k43 A AT X
o, fMERXR o, , BF o, BFKER[0,k] BBRER
M, o, BEIRESR (k+1,L-1] BFGE 5, WhTSE X
PRI 5 DI AR R A o R L e 43501

w, = zk:P. (5)
2 P=1-o, (6)
EElkETUfrﬁtHEﬁ & DI FEE B (EL N8 S5 DX Bl 88
IE 5 -
Yir,
o= (7)
a)l
.Lil iP,
w, = i=k+1 (8)
@,
JRI0) T 22035000
Z (l _Iu‘e)zpi
o, = =0 0 (9)
a)t
S Gi-p)P
o, = (10)
wl
THEIREYIE N
m= EI‘ZP =wu, +ou, (11)
%’SIHT 'ﬁﬁ%j\]
o’ =00+ 0,0 (12)
1 Otsu TR B AR AEBI(E T 4
T=argmaxc>,0 <k <L -1 (13)

K. argmaxo® FRBMLE T 22 o BURKMERY, k1EN
AT E

Otsu I I T EUGA B ()RR 1 S I, &%
JEF MG A A ) X 8k 0 5 B Rt Lo AR R, DR, AR Ab
HEHA SE ORI B A7 76 M s (1) EHRIT, Otsu IR BERSHE H
b 51 UL AT e o IF ﬁﬁ?ﬁlﬂﬁﬁﬂﬁéﬂ MR ) T3, AT
7 A IR E AT ARG ) 2 45

Tﬂ%&iﬁl\ﬁﬁ’fﬁiﬁ%ﬂiE’J*ﬁﬂ%‘%ﬂ?ﬁ)ﬁHﬂ“,%i‘%
HH ) SRR I S5 ) A T BE S WAL 42 7 AR Y, X e
PAIL G 2 WL A 5 10 481 A 5% A7 B [ 2 B 1) o R
FBISESEI0 T AEHL S5 A 08 22 (8] P9 1R BR AL AR, 32 BIAT
FE A B2, ABAFAE 3 AEAS [ A7 BRI 25 145 S o 1
B, B TORIRRIBA R 022 5 A S8R v Bt T B 5 1
T —HR R T BT TG IR R B AR AR I 45 SR R 5 A
TEIR 22 5

DIATRI 50T By 8 B A il 45 51 S8R 141, 43 51



- 148 - LSRR R e o

o FH [ 2 [0 18 43 30 580 VAR SC T 2 1 38 B A B 53092 | 4y
iﬂﬁu}:xﬁz%ﬁnl’ﬂ 6 FJ?/TO

(@ & (o) BEI45 (o) BIE150 (d) AXHE
(a) Original  (b) threshold  (c) threshold (d) Ours
image 145 150 method

Ko ke MBS HIRER

Fig. 6 Schematic diagram of bolt positioning paint segmentation

HE 6 B L, 78 145 F1 150 [ 8 BE T #47 K184

L TR AN TR] B4 370 57 RGOS LEE (o B — B G AR
D43 V7 3 2 A Al WA S 3 % Y 2 T 45 RN 8 R

AR SCRT 5 VR AR I A E AR A D e b 2 BE AR R
T2 BLH X Cr (138 i LR A 7 IR AR 7 L 8 ) —(H
AR, A R 5 T B B0 10 1 A&
P, 1EA 5 TR BN KA i 0 BR824
B LR ZS B R IR A T TR A A,

I, S 52 AiE YChCr 23 [ {58 F P, 5 Hofl (0% =5

[a] 40 HSV 25 [a] \LAB 55 [0] DL K IR J& 23 (0] R A7 5% F SE 56,
5 YCbCr 25 [ 25400, HSV F1 LAB 25 (]38 4 43 35 25 i

WREIIHDEIR A2 AL T4, PRk, K 1848 H Al
4’*%?]1%63‘7:J5’5‘%§%§J:£E@%2£|Eﬂ FEEEE HSV 25 [a] (14

S EUR (LAB =5 [H] /) A 73t BIR DL KR FE RR , 41
Jr“FFJ 38 N A R A BRI A 7 B

WL E 7 AL 1 H S BSOS R ) 531
BRI 2% | A BEMERA 23 H IBAR S8 (VS 1T A 431 RUZ 4y
TR 5B 6 hA S B A —3, ik — I, 4
ST A AR 23 (8] HE AT A A A BRI E] 4558 R
LAB 75 [8] 37 34 4 BB 6] Ry 1,04 s, T AR SC 7 3540
0. 15 s, Xs&HH RGB 23 [H] 77 S it 4 2= XYZ =5 6], 538
I A AR XYZ 23 [ 554k LAB 25|t AL
Z N RSO E A YCbCr %5 lﬁli’%ﬁ’\fﬁﬁﬁm)@?r
TR AT R A ECE 2 5 A A Sem b, Rk, A
SCIEHUAE YChCr (A% 25 (] N iEA T 8580 61 R 73341

(@) B (b Hsvllm (c) LABZE[A] (d) ZREEZE[A]
(a) Original (b) HSV (c)LAB (d) Gray
image space space space

P 7RI (R L e

Fig.7 Schematic diagram of different color space segmentation

1.4 EF Hu B4HERY IR E DR E BER S 3 51

Z N TARCHY U2 | WAL R o7 R AV A
FUBAR b HA 2R, (H SR S 80 S8 A 1) v e e
Mﬁﬁﬁﬂfi,ﬁﬁi%@ﬂﬂﬂlﬁl 8 Fi7R .

B8 iR RE (S A 4]

Fig. 8 Distribution diagram of bolt positioning paint

ST XS AL A 1) SRR A AV R R, AR SR
FH Hu FERRIE A AR 084 2 A R —E AL R TR (5 B
T EAE R, Hu MEA e 4O AZEE" M
[ BAH T TR 23 e e 4 BOR - R A8 4 )5, I Hu S
(HA AL X TR O IR 1 A B 7R RS Y e i
FAEEARART, L Hu FEAEAT SR AR ASAR | DT BB A5 11 R et A4
FE LR TR A AT RFEAE RS2, X T AR IE ) 54
FENLER , Hu FERE R ARk HOR RS B . PRIL, il i Hu
ST R A 1) MG AR AR AU 8 FH T 0 s o 7 — Ak EIR
g B LIRS E BRI S 4025,

Ph—8I M x N (M,N 45 51 0 R b B IEG B 58 R )
T/NE e BRG], EHRH f(x,y) Foom, H (p +
q) BYFEE SR .

= Z Z,lx”y”ﬂx,y) (14)



12 3

XEFEGRRENE L (p + ¢) v 8 .

N M

= 2 2 (x=x)"(y =) f(x,y) (15)
fCEP:p,q =0,1,2,3,---, ;:mm/mooa;:mm/moo JeEIR
TR OB L (x,y) REFCOALE, HOHE
NER

- My — My

X =,y =— (16)
K m, HEBREFEBY U, mo Bl mg, A BRI FAS
4%%{@%@0

L o, FLA RS AR, 1T DA A2 (R U
TR PR, Sy [ B 3l A2 T A5G I %o 4 S0 AS 28 2 11
FR L E LT DA SRR n,, M
M _ P tg
_,U«go’ [ 2 ]

FEMEEEAE b H B A A MG Wi T 7
AR SR L B B — ZLRRAE ) & R B B8 T R | 4
AR M,

M, +1 (17)

FE T G % B B AL 2 2 o) 2R AR X TR S A - 149 -
M3:(7730_377|2)2+(3772| _7703)2 (20)
M4:(7730+7712>2+(7721+7703>2 (21)

Mg = (m5 = 30,) (M3 + M) [ (5 + 7712)2 -
3(my, +7703)}2 + (31, = M) (M + Mg3)

[ (3 + 7712)2 - (ny +7703)2] (22)
Mg = (M = M02) [ (5 +7712>2 = (my +7703):|2 +
4, (15 + M) (05 + 75) (23)

M, = (3my = n0) (Mg + 1) [ (039 + )" =
3(my + M) 17+ (3, = M) (1 + M)
[3(7730'}'7712)2_(7721 +7703>2] (24)

H L3R 7 AR AR 2 AT LAAS B 984 5E AL B Hu
JEARFAE 0] 2

M, =M, M,,M, M, M, M, ,M,] (25)

TEIRFE E AL A HAL BB R ik #: b % T
SVM ' HE R4y 25 [l A S H A IIAT 45 B R AR
PEREFIY P A 732 B AR SCR L S R 1) LA %
St S ST R RE LR B A MR AT S R IR AL S LR 4
L SN R R B 4 B 1) SR B T R A ARG 00 ) e 2 iy

M, =mny + 1y, (18) H FITHE AR T () 4% 25 TR KRR e i AR E AN & 9 i
M, :(7720 _7702)2 +47ﬁ| (19)
B _ .
: B B g
VIER =N YR A IEfREA
Ve BRIy FREHUE
y y
s FENGREAR | i g EfREA
HITKMFS ryv IR TE HEAR
iy %
; e W R BEEmE | e .
RS > AR olediiial b e ﬁmé VS Ko

BlO BRI LA e 1) SR B IR A DN AR i A

Fig.9 Flow chart of inspection procedure for bolt tightening status of railway locomotive bogie
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Table 1 Computer parameters
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PERSE Windows11-x64
CPU 12th Gen Inter( R) Core(TM)i5-12500H
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GPU NVIDIA GeForce RTX 3060 Laptop

Pytorch 1. 12. 1

TR 27 ) HE S T bR UM g CUDA Toolkit 11.3

cuDNN 8.5.0
PRI T 5 R AR Opencv4. 6. 0
c
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Table 2 Evaluation and analysis of target detection model

— bR
Precision/%  Recall/%  mAP/%  Fiiitfal/s
SVM+HOG 86. 81 88.52 87.41 0. 594
YOLOVS 97. 40 98. 05 97.87 0. 068
Faster-RCNN 97.93 98.32 98. 14 0.243
YOLOv7-tiny 96. 43 97.35 97.26 0.053
YOLOv7 98. 05 98. 68 98.93 0. 101
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TR R 57 T ARG A v gl A S0 A5 7R 7 L 8 5 e Y
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W0 45 S48, RERE RT3 21 T 42 % AR, DA T 911 4 5 A 4G
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Table 3 Comparison of segmentation accuracy

between different methods (%)

G b _ OPRRIRCRE)

[EoN S =ik ARk
B 5 93.43 93. 41 95. 07
E A5 94. 42 91. 04 96.24
FEINHE G 87.12 23.74 89.57
ENEYR 96. 32 60. 19 97.23
E NG5t 80. 64 42.77 88.95
A 67690 R {E 92.76 85.31 95.12
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SCHHERY 95. 07% 1 96. 24% 3 S8 PR Ay g R 1 %o Mg s
FIALBREE 1525 | 18R 2 0 B AE N AR e 72 = A 1)
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Table 4 Detection results of different methods in different scene
g B2k NS QYR

SRART REAR R/ % ;%i%/;iﬁE%%/% AR/ % gﬁ%/éiﬂﬂﬁ%/% HHER/ % ;gg/{i njﬂmﬁﬁ%/%
FEhsEe 23148 91.48 90. 81 90. 77 88. 82 86.98 87.46 93.27 95. 14 93. 87
EINES R 10589 90.06 89.23 89.70 85.36 87.22 86. 15 92.36 93.06 92. 69
AN 3 159 85.33 85.71 85. 41 83.74 82.37 83.10 87.72 89. 48 88. 41
EWNFEESR 21357 90.74 90. 06 90. 48 88.95 87.10 88.20 93. 54 95.71 94. 57
ENMES R 9437 86. 39 89. 60 87.54 85.31 87.39 85.94 89. 54 93. 81 91.28

i 67690  90.01 89.93 89. 81 87.58 86. 90 87.07 92. 42 94. 55 93.28
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