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Abstract: Single-layer LIDAR offers advantages such as simple structure, low cost, and low power con-
sumption; however, its sensing capability is limited to planar scanning, rendering it incapable of indepen-
dently achieving three-dimensional 3D reconstruction. Although visual sensors provide rich image informa-
tion, they suffer from limitations in geometric measurement accuracy and robustness against environmental
interference. To address the inability of single-layer LIDAR to directly acquire 3D spatial information and
the low reconstruction accuracy of single-sensor systems, this paper presented a LIDAR - camera fusion-
based 3D reconstruction system. The system employed a lead screw and roller mechanism to drive the sin-
gle-line LIDAR in vertical motion, enabling spatial 3D data acquisition. Simultaneously, the RGB-D cam-

era captured color and texture information to enhance reconstruction quality. The system architecture and
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scanning measurement principles were first established, followed by a detailed analysis of the 3D recon-
struction pipeline. Intrinsic and extrinsic calibration between the LIDAR and the camera was performed to
enable accurate point cloud registration and fusion, significantly improving the precision and completeness
of the reconstruction. A simulated tunnel-like environment was constructed for validation. Using the cali-
brated system, point cloud coordinates were computed frame-by-frame for the reconstruction of 11 target
objects. Experimental results show a registration error of 6.8 mm, with fused point cloud deviations not
exceeding 5.5 mm within a 500 mm measurement range. Furthermore, a large-scale indoor floor recon-

struction experiment demonstrates an overall reconstruction error within 12 mm over a 2 600 mm measure-

ment range.
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Fig.1 Structure of 3D scanning system
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Fig.3 Flowchart of scanning principle
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Fig. 5 Schematic diagram of joint calibration principle of

LIDAR at the lowest point
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Tab.2 Length of point clouds of 11 targets (mm)
¢ 3 LERRGE EOLERALYK fxfRE MK fxEE ek gxhiRz

1 100. 30 95.82 —4.48 95.13 —5.17 96. 32 —3.98
2 100. 48 96. 66 —3.82 95.78 —4.70 98. 25 —2.23
3 100. 02 102.95 2.93 96. 52 —3.50 102.12 2.10
4 101. 08 98. 27 —2.81 104. 39 3.31 97.85 —3.23
5 100. 26 96.93 —3.33 95.34 —4.92 97.38 —4.48
6 100. 02 104. 86 4.84 106. 7 6.68 103. 22 3.20
7 100. 00 105. 34 5.34 106. 57 6.57 104. 18 4.18
8 101. 40 105. 29 3.89 105. 87 4.47 104.01 2.61
9 100. 26 104.13 3.87 104. 68 4.42 103. 07 2.81
10 100. 22 103. 81 3.59 104. 53 4.31 102. 21 1.99
11 101. 00 95.91 —5.09 95.77 —5.32 97.65 —2.35
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Cloud point heights of 11 targets (mm)

F 4 SPRRCGE BOtERBEY e xRz MPUEYE fXRiRZE . RAREYE gxTiReE

1 500. 00 494.16 —5.84 492. 86 —7.14 494. 69 —5.31
2 500. 10 494. 81 —5.29 493.91 —6.49 495.08 —4.62
3 501. 08 504. 35 3.27 505. 85 4.77 503. 21 2.13
4 500. 18 496. 97 —3.21 496. 17 —4.01 499. 10 —1.08
5 500. 44 495. 66 —4.78 494. 66 —5.78 496. 82 —3.62
6 500. 10 506. 35 6.25 507. 05 6.95 505. 57 5.47
7 500. 20 507. 04 6.84 508. 14 7.94 505.75 5.55
8 501. 02 505. 87 4.85 506. 77 5.75 504. 94 3.92
9 500. 06 504. 68 4.62 505. 88 5.82 502. 74 2.68
10 501.02 505. 75 4.73 506. 45 5.43 504. 43 3.41
11 500. 40 494.16 —6.24 493.16 —7.24 495. 03 —5.42
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Fig. 16 Experimental results of indoor floor reconstruction
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