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Abstract: In traditional multi-line laser 3D reconstruction technology, due to the inevitable noise affecting
the multi-line laser lines, the extracted laser center coordinates often contain specific errors. These errors can
lead to the inability to obtain high-precision 3D data when using matching points found based on epipolar
constraints for 3D reconstruction directly. To address this issue, we propose a method based on geometric es-
timation to achieve 3D reconstruction of multi-line lasers. First, by calibrating the quadratic surface equa-
tions of the multi-line laser, combined with the binocular epipolar constraint method, the initial matching
points of the multi-line laser can be calculated. After finding the correct initial matching points, a geometric

distance minimization estimation model can be established using the distance constraint from points to epi-
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polar lines. This geometric distance refers to the distance from the laser center points in the left and right im-

ages to their corresponding epipolar lines. New matching points that better conform to the epipolar con-

straints can be recalculated through this geometric distance minimization optimization estimation. Finally,

these new matching points can be used to complete the 3D reconstruction of the multi-line laser. Compared to

the traditional method based on epipolar constraints, the algorithm proposed in this paper performs better in

matching and accuracy. The accuracy of the final 3D reconstruction can reach about 0.02 mm. This method

can significantly improve the overall accuracy of binocular multi-line laser reconstruction, thereby obtaining

more accurate and reliable 3D data.

Key words: multi-line laser; epipolar constraint; geometric estimation; multiline laser reconstruction
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Fig. 8 Handheld multi-line laser hardware
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Fig. 9 Reflective calibration plate
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Tab.1 Parameters of the handheld multi-line laser ha-

rdware
2RO AEHL
P (nm) 450 Vi s 1280x1024
XS 120 FEHE 12 mm
W IEEL 2 I 120
e iRl 300~400 mm
PFEEES 400 mm
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Fig. 10 Calibration and acquisition of multi-line laser sur-
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Fig. 11 Extraction and classification of multi-line laser
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Tab.2 Parameters of quadric surface by laser lines fit-

ting

flx,y) = apx? +a1y2 +axxy+azx+asy+as

=
5 ay a, a, a, a, as

1 —0.04355-0.17652 —0.16847 —4532.34 —846.79 3523.5824

2 1.104494 558200 4.95249 -323.814 —730.008 2189.0322

3 0.018882 0.10288 0.08628 —9.97831 —23.6556 1133.3425

4 —-0.00124 -0.01061 —0.00690 —3.25750 —8.05648 502.28098

5 —0.00003 —0.00279 0.000062 —2.12223 —5.61680 332.88023

6 0.000487 0.00100 0.003433 —1.36085 —4.00520 251.743 69

7 0.000148 —0.00015 0.002501 —0.966 19 —3.228 64 200.97273
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Fig. 12 Laser point matching and back-projection
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Fig. 13 Comparison of point cloud effect before and after

optimization based on geometric estimation. (a)

Left and right multi-line laser extraction effect and

box selection area; (b) the point cloud effect of box

selection area before optimization; (c) geometric-

ally estimated point cloud effect after optimization;

(d) and (e) overall point cloud reconstruction ef-

fect after geometric estimation optimization

®3 BEBRSBIRERES

Tab.3 The distance from image points to epipolars

R IR B AR R
WILAVCHL LR AP

fefkri ks
[433.768 200.620]  [432.983 200.125] 0.8 0.064
[429.553 226.722]  [428.876 ,226.360]
[477.079,411.815]  [476.825,411.129] 041 0.055
[464.988,426.827]  [464.167,426.114] : :
[434.472,201.047]  [434.018,200.538] 037 0.089
[430.743227.391]  [430.003,226.994] : :
[477.767,412.273]  [477.380,411.992] 0.8 0.051
[465.754,427.245]  [465.104,426.833] : :
[733.345200.354]  [732.914,200.019] 032 0.0643

[687.059,204.529]

[686.653,204.178]

14 PRUERRE LR, (a) SRUEERSH); (b) WAL E
R BRI (o) UL Z 5 1 R s B0k
Fig. 14 Reconstruction result of standard ball.(a) Standard

ball physical object; (b) point cloud effect of ori-
ginal match reconstruction; (c¢) geometrically es-

timated point cloud effect after optimization
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Tab.4 The center distance and error before and after

optimization by the proposed algorithm

e MRALRTARERR OBE B /mm A S AR R OB B /mm

1 60.2455 60.0234
2 60.2570 60.0229
3 60.3084 60.0301
4 60.3123 60.0214
5 60.4015 60.0325

TR 2 0.3029 0.0241

(a)
K15 ey —dEE AR . (a) BOUIA; (b) PLALm

REFCR; (o) LA S ROk

Fig. 15 Comparison of 3D reconstruction results. (a) Test

object; point cloud effects (b) before and (c) after

optimization
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