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Fig.1 Research scenario
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Segment the region of two red anti-loosening lines
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Optimize the segmented region using an opening operation
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Determine the direction vectors of the two anti-loosening lines
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Calculate the directional angle in a specified direction between the
vectors representing the directions of two anti-loosening lines characterizing
bolt loosening angles, within the angular ranges of 0-180° and 180°-360°
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Fig.2 Method overview
B, BB R LA RN LR IC A X SR I
B R AIE , DR ) ] — T 3 T Lab 203,25 8] (4 2 (8

SRR JE G AT a s FEARG AR H— AR L
g (155351, A ST BR8240 IX 38 %) o 43 305 ek
XoF 4 A5 0 (0 B A 2k MR AT 8 B3, 2N AR iy s
LEUE R RIEE T, KB JCH 5 ; 2805, R FH B A 26
T4 3 5K ) LAl R R AR A A A B P R A T ) K e e
Ji , R D0 52 B sz TE A7) RRESORT— A £ BRI A 3550
GBI N ER T 1) % A B T 1) 1 1) e, AT 0
IEFETE 0°~180° F1 180° ~360° 315 il PN FYFA Bl £ JiF

W AT AT RRIE A QB/T 4860—2015 4T {5
TR, 1 e 50 S A © S 1Y) R 3 1 27 B
Sk 0 I Hh s o T 2 B P 2 R e v R R
e ARIE A B 5 P 4 5% 0 Sk A LA T A B s AR
TESEHE -, 3 SR HE s B A 2R T ) A 1] [ 52 B P28, K
LR R R TR G SR S B AA L T ], LR UE [
B s £ 2% 308 Sa 1) TUAR] 6 3 SR0HG B8 R sl /N Ji 4 2R 2%
o T ) 288 55 RE 200 IO O R AR B850, AR [ P 4 32 3 45
A LT TSRS B o S of 0 25 REFR B[R], PR UE 3
sy EI A s B RE

2 WG EERE

2.1 ETFEESIMNmHREsE
2.1.1 RE=iEHR

FE UG AL B e, EISGE H R FH RGB Al Lab 45 2 (4
AR . HR DL RGB Bt 4 A 45 RGB Bl
23 PR S 53 0 R(Z0 ) (G (&% 60) 1 B ik 5) 3 43
o 3 BUE G R A, B 3 T B B
B IR A B, 5 W R 2 B EHR SR o SR,
B8 B #A 2 43 X R L bR 10 4 FI IR, Lab B (5,25
[E] A% T~ RGB B €425 [A] 2L A B w5 1Y 43 2 4 3 8 A B
WP IR TR 01 B REAT A A MR AL 20, AT
AR AR R S I R =L Lab Bl %S Bl L
() 3t ca PO PR ER XS 7 s 4 . T Lab
FIRGB B 8,25 [ Jo ik H 454, BT AR 22 Wi b, 2
B RGB o 23 [ 55 40 XYZ 1 B (A 25 1], Je b ey
Lab 75 [H] 7128

B RGB B0 2 (A 450 XY Z 3k I B (4 [, e
RN (DR, MEEZS B EPRRETEC 61966-
2-1:2003%,

X R
Y|I=M|G
Z B

(1)

0.2126 0.7152 0.0722
0.0193 0.1192 0.9505

RIS B XVZ 3L PE 0 25 0] e 480 Lab B34 25 18],

04124 0.3567 0.1805
M =



104 HL i [ 53 2025 4
%?ﬁ%ﬁ*%jﬂ a (i ) - A ey (Lz]) - Ay, (5)
v normalized \ L+/ a - a.
L=116f(5-) - 16 S ay o (i)) W R PR 2 25 (i) Y
a =500 f( YX ) - £ Z£ )] OY B 3 @, @, TR IME s 0,001 a1, PR AR
g 2 XHEH— A5 B9 a 53 304 T B BB 438, 15 %)
b= 200[f()7”) —f(Z)J (2) Ji CENE AR B B BEAS I BT RS B AN R R . RS
! 6 ., Bk, =3, 0 5IRCRNE 4075
2> (=)
29
=11 5 4 4
g(?) t+ 279,,\'{&

KX, Y, M Z, 50500 8 = XYZ AR DL R Y
RFHAE, HUE A

X, =96.4221
Y, = 100 (3)
Z,=825221

TEJ5 SE R MR 2 B o TIMEROE A2, m] 2L
I Lab B30 (525 18] 9 70-H 53 B 3 8 1 204 IR AR QR
R R R L AR AR L, DORE @ 23 AR 9 B 5 %8
Zo HE K o rmE 3R hE 3 ATLUE
I R DX AR X F AR X R 2 X

B3 FERREHNGDE

Fig.3 Original image and the « component of the original image
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Fig. 4 Segmentation result of the anti-loosening line image
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Fig. 5 Identification results of two anti-loosening lines
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Tab.1 Camera parameters
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S Aperture f11.6
FEHF Focal length/mm 53
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Tab. 2 Selected parameters
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Tab.3 Measurement results of the full range of bolt loosening angles
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Actual angle/(°) Detection angle/(°) Absolute error/(°) Relative error/%

5 5.02 0.02 0.40
10 10.08 0.08 0.80
30 30.30 0.30 1.00
60 59.84 0.16 0.27
120 120.15 0.15 0.13
150 149.73 0.27 0.18
240 240.10 0.10 0.04
300 299.93 0.07 0.02
350 350.38 0.38 0.11
360 359.84 0.16 0.04

1 I S 4 %R 2

Absolute error of angle measurement/(°)
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IR Bl 11 JE Bolt loosening angle/(°)
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Fig. 7 Absolute error of angle measurement results
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Fig. 8 Adjusting shooting distance to obtain images at near,
medium, and far distances
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Tab.4 Measurement results of bolt loosening angles
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Shooting Actual Detection Relative
distance/cm angle/(*) angle/(°) error/%
5 4.95 1.00
20 10 9.95 0.50
30 30.10 0.33
5 4.99 0.20
35 10 10.09 0.90
30 29.97 0.10
5 5.09 1.80
50 10 9.93 0.70
30 30.02 0.07
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Fig. 9 Absolute error of angle measurement results at different
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Bolt loosening angle detection method based on color segmentation

KANG Jingjie ZHANG Lijun SUN Yuandong YANG Xiaoyu WANG Ruolan ZHAO Tianhao
(Ningbo Branch of China Academy of Ordnance Science, Ningbo 315103, China)

Abstract: To achieve quantitative detection of bolt loosening angles through single frame images, a method based on

color segmentation and connected domain feature processing was designed. Firstly, a method for performing nonlinear

stretching, normalization and optimal threshold segmentation on a component successively in the Lab color space was

designed to segment and represent the red anti-loosening line image of the bolt loosening angle. Secondly, the morphological

operations were performed on the image by using the open operation. Then, the orientation vector of the connected domain in

the anti-loose line image was determined by computing the geometric moments. Finally, the bolt loosening angle was

determined through the four-quadrant arctangent function. The results demonstrate that the precise measurement of the bolt

loosening angle through a single frame image can be achieved by this detection algorithm, with a maximal relative error of

1. 80%), its accuracy meets the needs of engineering practice and has strong engineering application value.

Key words: Bolt loosening; Angle detection; Color segmentation; Connected domain feature; Geometric moment; Vector

calculation
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