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Abstract

To address the lack of objective criteria for selecting scanning distance and coverage range in three-
dimensional laser scanning under specified accuracy requirements, a parameter selection method
based on calibration experiments and data analysis is proposed. A matrix of standard plates is used
as the calibration object, with target spheres and plates arranged in an indoor environment. Point
clouds are acquired using a Leica RTC360 at typical distances from 1 to 4 m under approximately
normal incidence. A two-stage averaging strategy, combining repeated measurements at the same
point with averaging of dimensional errors along the four edges of each standard plate, is employed
to obtain point-wise accuracy indices and derive accuracy distribution maps at different distances.
Single-station parameters are then summarized into two indices, namely scanning distance and ef-
fective coverage range, and a correspondence is established between target accuracy and recom-
mended parameter combinations for three accuracy levels of <2 mm, 2~3 mm and 23 mm. An end-
face feature measurement test on a simulated assembly component is further conducted, showing
that at the recommended 1 m distance, the average errors of the end-face width (three height levels)
and nine tape-mark lengths are all within 2 mm. Case study results demonstrate that the method
reveals the variation of accuracy with distance and field-of-view position, transforms parameter
selection from empirical judgement into a queryable rule set, and is applicable to engineering sce-
narios such as prefabricated concrete components and steel structures with specified dimensional
accuracy requirements.
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Figure 1. Technical workflow of the proposed method
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Figure 2. Layout of the standard plate array
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Figure 3. The scanner sequentially targets the blue plates for scanning
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Figure 4. Standard plates along the “*” direction selected for dimensional accuracy analysis
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Figure 5. Example of dimensional analysis of standard-plate edge point clouds
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Figure 6. Point-wise accuracy distribution maps at typical scanning distances of 1~4 m
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Figure 7. Selectable regions for high accuracy (red box) and medium accuracy (blue box)
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Figure 8. Simulated assembly component
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Figure 9. Schematic of end-face feature dimension measurements
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Table 1. Comparison of end-face width measurements at three height levels (unit: mm)

# 13N BEMENREFEER T (AL mm)

X I SEpRRT S AR B TERT YR ZEE
s 1001.00 999.86 ~1.14
i 1000.80 999.30 ~1.50
F 1000.80 999.49 -1.31

Table 2. Comparison of black tape-mark length measurements (unit: mm)

2. BEMRMRTXEE(EA: mm)

PRI 5 SEPRRA) 5 UR = TFEIRSE FEIRZEAE
1 51.20 52.10 0.90
2 52.80 51.91 —0.89
3 48.00 46.93 -1.07
4 52.50 53.47 0.97
5 47.00 48.40 1.40
6 48.00 46.43 -1.57
7 44.90 43.75 -1.15
8 44.40 43.47 0.93
9 44.50 45.16 0.66
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