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Abstract: Light stripe center extraction algorithm based on an improved U-shaped network
(UNet) was proposed to resolve the contradiction among uneven strong reflections on workpiece
surfaces, background noise interference, and the demand for high-precision measurement in
complex environments. Firstly, grouped depthwise separable convolution modules and dense
residual convolution modules were introduced into the encoder and decoder of the UNet model,
respectively. A U-shaped segmentation model based on multiple convolutions, feature fusion,
and attention mechanisms was established to reduce interference caused by abnormal exposure in
stripe images and improve the overall accuracy of stripe segmentation. Experiments on the test
set show that for the stripe segmentation task, the Dice coefficient, mean intersection over union,
and precision reach 0. 901 8, 0. 8354, and 0. 913 5, respectively, which are improved by 6. 43%,
9.13%, and 15. 51% compared with the original UNet model. Finally, based on the segmentation
results, Steger algorithm based on the Hessian matrix is applied to accurately extract the
centerline of the light stripe. Experimental results verify the effectiveness of combining the
improved UNet model with Steger algorithm, which demonstrates excellent accuracy even under
abnormal exposure conditions in light stripe images.
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(a)—Hi AEE; (b)—TF 5 EAH; (¢)—Otsu; (d)—FCN; (e)—LL-Net; (f)—UNet;
(g)—UNet+group-DES; (h)—UNet+dense-RES; (i)—ASCHE % .

UL IR, T el B H i g P g S 8L K Otsu v
G BAE , A ORI T 0 3 5 R AR A
JE R Z T (il A SCHE H Y GDUNet #2784 #E47
JEARBUIE] AT LAE I B 22 S RO BT A A%
X S [ T

R3 AEEEZFYHORRNEZNHFTRE
Table 3 Mean square error of different light stripe
centerline extraction algorithms

Kfg Eg Eig ER Eig 7Y

1 2 3 4 5 i

Otsu-Steger ~ 67. 48 51. 02 68. 04 61. 50 57. 46 61. 10

FCN-Steger  36.5331.9529.02 8.61 13. 66 23.95

UNet-Steger  17.3319.4221.34 2.90 3.71 12.96

GDUNet-Steger 10.38 7.74 9.38 2.51 2.24 6.45

A7

e 52 oy ch SRR

Fig. 5 Exltgrlaitioic ::fl: Zfﬁsﬁtﬁzt:pf centerline :g L 8;2;_8;:5;; lg%%;qs:f_gse;ger
(a)—Otsu—Steger; (b)—75 5 EL{H-Steger; 70 + A A
(¢)—GDUNet-Steger. *ﬂé 601 ) M
5 R B, A SCHE 1 GDUNet—Steger 5 7% @ Zg i

W T SR AR | (T Steger SEMMIE B0}

B 455, I H B 3 LT Otsu-Steger 5. 7% . Otsu— ig

Steger SR A XTI AR O AL AL K R I B B T T Uat s T

BRI S FEERT 2 DL R IS SR ) 22 75 = B

M 75 P %6 [m) B . 76 Otsu—Steger B.9% 11, N5 F) 6 MiXEGRMBHIRELER

F AR, T BT AR FNT I ROC A A 45 T kb Fig. 6 Mean square error results of test images



% 2 4

KBRS R T A UNet B R 69 R &P SR IRT5 ik 17

2234 W T AR S AY GDUNet-Steger,
FCN-Steger, UNet—Steger Fl % 4t f)) Otsu—Steger
B R E A AR SR IR E
UNet-Steger B3 [ T 50.23%. SEHE , A SC
R EEE T BIE Y UNet 25 44 A1 Steger 515 19 I
BEYoE RS FEWER B A SRS PO I TR
WD TR R BT T A R AR R L A,
55t 1) Otsu—Steger 57541 Fb , AN SCH VL L HUS:
T ARG SR B B N RE S 1 0T I
7 BEGAE I G DL, AN R 23R Tl A
EIIRUNT A YAEL TR U NTRt: ) o2 G RTINS BB U
e IEE b [N 4 e I (EL I RO 5 R 1R 25

3 4 T

BEXTE 22 A58 T O SR B MG TR S i e
5 Sl RS TP BOE S B0 O R IRIHE Y [R) 3
T —METZE G FHERG R AL
il F) i B 78 UNet #5784, Bl GDUNeet. 12 45 71 75 43
FIH T VR BE 2% 2T AR R AE 24 2] Ty AR 3, A 30
SE A TR MEG R S LA S R X A%
B3R R B FE R A LG A Steger S XT 43
Ji B 2% B R AR B 1) O R SR B, AR T
fenki 2 ) ROy AL SR A R R B A SRR A
Z8057 B 55 AR AL R B O 358 0T LU RIS
43P 0.901 8,0.835 4,0.913 5, H Ak v 452 1
UNet #£ 7} T 6.43%,9.13%, 15.51%, [a] B} 25 J7 %
FEN 64518 FK X RMAASCIG IR E 2= 2] 51555
AW BRI AR B 2 B N U B iy 45
B AR T R AR B D BT

SE 3k

[1] YangL, FanJF, Huo BY, et al. Image denoising of seam
images with deep learning for laser vision seam tracking
[T]. IEEE Sensors Journal, 2022, 22(6) : 6098—6107.

Li WM, Wei C N, Chen S B, et al. Narrow weld joint

recognition method based on laser profile sensor|J]. IEEE

Sensors Journal,, 2023, 23(2): 1295-1307.

[ 3] Leal-Junior A, Guo J J, Min R, et al. Photonic smart
bandage for wound healing assessment [J]. Photonics
Research, 2021, 9(3): 272-280.

[4] Min R, Ortega B, Marques C. Fabrication of tunable
chirped mPOF Bragg gratings using a uniform phase mask
[J]. Optics Express, 2018, 26(4): 4411-4420.

[5] dkek, T, TR, 55 LT 2048 (R R ILHC Y 6 4
FUGR O R [T] AR IR 22 CHARBLE R L 2023, 44
(11): 1529-1536.

(Zhang Yao, Xia Yu-feng, Wang Zi-qi, et al. Extraction

[2]

method of light stripe center based on the matching of
adjacent pixels of skeleton [J]. Journal of Northeastern
University (Natural Science) , 2023, 44(11): 1529-1536.)

[6]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

e R, BURIR, ARG HOE = 4RSI AL Pt
FECh LB HREERTT] TR Tl k224, 2014, 31
(1): 74-78.

(Yang Jian-hua, Yang Xue-rong, Cheng Si-yuan, et al.
Review of extracting the centers of linear structured light
stripes for 3D visual measurements [J]. Journal of
Guangdong University of Technology, 2014, 31(1) : 74-
78.)

Zhang TY, Suen C Y. A fast parallel algorithm for thinning
digital patterns[J]. Communications of the ACM, 1984, 27
(3):236-239.

Zhou P, Xu K, Wang D D. Rail profile measurement based
on line-structured light vision [J]. IEEE Access, 2018, 6:
16423-16431.

MR A E . 45 R I i R G4 PO PR I 5T
[J]. HF I AR, 2018,41(21) :8-13.

(Mei Jun-hua, Lai Lei-jie. Research on extraction algorithm
of light strip center in structured light measurement system
[J]. Electronic Measurement Technology, 2018, 41(21) :
8-13.)

Park J, Kim C, Na J, et al. Using structured light for
efficient depth edge detection [J].
Computing, 2008, 26(11): 1449-1465.
B, 2R BN, A5 L BT I AR I 25 H e 2 B0
e Jr 0] N AR S0, 2002(11) : 59-60, 109.
(Hu Bin, Li De-hua, Jin Gang, et al. New method of
obtaining the center of structured light stripe by direction

Image and Vision

template[ J]. Computer Engineering and Applications, 2002
(11): 59-60, 109.)

Steger C. An unbiased detector of curvilinear structures[J].
IEEE Transactions on Pattern Analysis and Machine
Intelligence, 1998, 20(2): 113-125.

F1SS i R S BT R/R 7/ NS 2 £ A RIS 7. )
RO TR, 2023,46(1):167-172.

(Zhang Yu, Huang Dan-ping, Tian Ying, et al. Research
on extraction method of structured light center line of
complex object [J]. Electronic Measurement Technology,
2023, 46 (1): 167-172.)

Ye C A, Li Y H, Wang C, et al. A method of binocular
laser 3D scanning imaging for reflective workpieces [J].
IEEE Sensors Journal, 2023, 23(13): 15188-15198.

Jiang H, Fu W J, Zhang X M, et al. Extraction of laser
stripe centerlines from translucent optical components using
network [J].
Measurement Science and Technology, 2024, 35 (8) :
085404.

K15, 24 FE T RIGHE UNet RZ5 M2 45 H 6 S ot i
BT AT FHL SR TR, 2023,51(9):2092-2097.
(Zhang Yong-ting, Li Feng. Center extraction of line

a multi-scale attention deep neural

structured light strip based on improved UNet network [J].
Computer & Digital Engineering, 2023, 51 (9) : 2092-
2097.)

Guo X Z, Shi ZY, Yu B, et al. 3D measurement of gears
based on a line structured light sensor [J].
Engineering, 2020, 61: 160-169.

Zhang X Y, Zhou X Y, Lin M X, et al. ShuffleNet: an
extremely efficient convolutional neural network for mobile
devices [C1//2018 IEEE/CVF Conference on Computer
Vision and Pattern Recognition. Salt Lake City, 2018:
6848-6856.

Lin Z C, LiSY, Jiang Y Z, et al. Feedback multi-scale
residual dense network for image super-resolution [J].

Precision

Signal Processing: Image Communication, 2022, 107:
116760.



