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Motivation

How „good“ is

my point cloud ?

https://pixabay.com/

~ 44 million points



Agenda

1. TLS – Quality

2. Completeness analysis

3. Uncertainty modelling

4. Point cloud cleaning

5. Conclusion & Outlook



https://pixabay.com

Quality

Precision AccuracyLevel of detailCompleteness Efficiency

https://www.isixsigma.com/dictionary/accuracy



Completeness analysis

1. Range image calculation

2. Check if point is visible

3. Voxel simulation of scene

4. Check each voxel for visibility



Real case: Completeness analysis

Describtion Setting/Result

Number of Voxels 5 mio (voxel = 5cm)

Resolution Range Image 0.5°

Occluded area 62%

Runtime 45s



TLS: Uncertainty budget

~ 129 sec~ 125 sec



distance precision: intensity based model

• Intensity depends on several factors

• Functional relation: intensity↔ precision of distance measurement 𝑢𝐷

𝑢𝐷 = 𝑎 ⋅ 𝐼𝑏 + 𝑐 [Wujanz 2017]

Intensity [Inc] 𝒖𝑫 [𝒎]



• Variance-covariance propagation (vcp):

• σ𝑋,𝑌,𝑍 = 𝐹σ𝐷,𝐻,𝑉 𝐹
𝑇

• σ𝐷,𝐻,𝑉 =
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3D local precision

~ 4 sec

𝒖𝟑𝑫_𝑳𝒐𝒄𝒂𝒍 [𝒎]



3D global precision

• VCM of transformation parameter σ𝑇𝑟 is known:

– σ𝑇𝑟 =
σ𝑟𝑜𝑡

σ𝑇𝑟𝑎𝑛𝑠𝑙

• σ𝑋𝐺,𝑌𝐺,𝑍𝐺
= 𝐹

σ𝑇𝑟 0
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• 𝑢3𝐷 𝐺𝑙𝑜𝑏𝑎𝑙 = 𝑢𝑋𝐺
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~ 17 sec

𝒖𝟑𝑫𝑮𝒍𝒐𝒃𝒂𝒍
[𝒎]



Uncertainty investigation: Reference point cloud

𝑼𝑷 = 𝟐𝟐𝟓 𝝁𝒎 [𝟏𝝈]

https://scandric.de/https://www.hexagonmi.com/



Uncertainty investigation: Residuals calculation

• 51 Laserscans with Z+F Imager 5016 (Quality high)

• Transformation TLS-CS to LT-CS (mean ത𝜎𝑇 = 0.3𝑚𝑚)

• Residuals calculation with raycasting (open3d)

Reference mesh



Uncertainty investigation: Intensity - Heating

• Smaller intensity:

– Dispersion increases

– Median residuals increases

• 𝑅𝑒𝑠𝑖𝑑𝑢𝑎𝑙𝑠 = 𝑎 ⋅ 𝐼𝑏 + 𝑐 (intensity based model)

• Distance:

– Too short for high intensities (4.4 mio. Inc < -1mm)

– Too long for low intensities (1.2 mio. Inc >+1mm)

Boxplot RegressionToo long

Too short



Uncertainty investigation: Incidence angle

• Spot size highly depends on incidence angle → Influence on distance measurement

• Shallower incidence angle:

– Median residuals increases

– Dispersion increases

Heating 3D printed surface PVC pipe



Uncertainty investigation: Incidence angle

• Geometrical relation between residuals and incidence angle 𝛼:

• 𝑅𝑒𝑠𝑖𝑑𝑢𝑎𝑙 = 𝑎 +
𝑏

sin 𝛼

• Smallest coefficient of determination for plane object (heating)

• IA < 25°→ Residuals > 1mm for each object



Point cloud cleaning

Intensity Incidence angle Local precision Edge points

𝒖𝟑𝑫_𝑳𝒐𝒄𝒂𝒍 [𝒎]



Conclusion

• Quality assessment includes several quality measures

– Completeness→ visible and invisible voxels in 3D space

– Precision → local and global

– Point cloud filtering

• Entire assessment process is completed within a few minutes (~5.38min)

• Outlook:

– Machine Learning

• Classification

• Multiple regression analysis
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Uncertainty investigation: Correlation matrizes

• Intensity and incidence angle highly correlated

• Residuals negative correlated with intensity and incidence angle

• Residuals positive correlated with spot size

Heating 3D printed surface PVC - pipe

21Multi sensor system workshop



Uncertainty investigation: Edge effects and mixed pixel

• Edge:

– Distance systematically measured to short or to long

– Effects depend on edge type

• Mixed pixel

– Errorenous points occuring at object edges

• Edge detection algorithm by Ahmed et al 2017

→ Interest lies in filtering so no distinction necessary

22Multi sensor system workshop





Sensors

Z+F Imager 5016 spezifications

Spot size ~3.5mm @ 1m

Divergence angle 0.3 mrad

Uncertainty angle measurement 0.004° rms

Linearity error 0.43 mm

Uncertainty distance measurement 0.3 mm (rms) @ 10m & 14% black

0.2 mm (rms) @ 10m & 80% white



https://dell.com/


