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www.wylerag.com; www.leica-geosystems.com; www.hexagonmi.com; www.david-3d.com
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Determination of plate tectonics
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www.mpifr-bonn.de
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Radio telescopes
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www.mpifr-bonn.de
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Very Long Baseline Interferometry (VLBI)
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www.mpifr-bonn.de

𝜏 = 𝑡2 − 𝑡1 = −
1

𝑐
∙ 𝒃 ∙ 𝒌

𝜎𝑏 ≤ 1𝑚𝑚



Assumption: 

shape = rotational
paraboloid

Searched for: 

focal length +

local deformations

… that depend on 

elevation angle
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Radio telescope (Effelsberg)
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weight: 3‘200 tons 
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Onsala & Effelsberg
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Onsala & Effelsberg
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Diameter of  20m

Enclosed by a radome

Surface smooth 

Diameter of  100m

Subject to wind and weather

Surface more rough



• Overhead station: good incidence angles, no obstruction

• Scanning at 7 elevation angles from 90 deg to 7.5 deg

• Leica ScanStation P20
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Data collection
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• Overhead station: good incidence angles, no obstruction

• Scanning at 7 elevation angles from 90 deg to 7.5 deg

• Leica ScanStation P20
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Data collection
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Point clouds
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Effelsberg, 100m

Onsala, 20m



Christoph Holst, Radio Telescope Inspection by Terrestrial Laser Scanner Folie 12

Noise of laser scan (Onsala)
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-5mm                   0mm                  5mm

σ < 1.5 mm 

@ r = 7…15 m



1. Scanning of main reflector at several elevation angles 

2. Parameterization as rotational paraboloid

3. Least-squares estimation of the parameters by minimizing  𝒗𝑇𝚺−1𝒗

4. Analysis of results

– Global deformation: variations of focal length 𝑓 at different elevations

– Local deformation: residuals from approximation

Christoph Holst, Radio Telescope Inspection by Terrestrial Laser Scanner Folie 13

Deformation analysis

𝑋𝑖
2 + 𝑌𝑖

2

4𝒇
− 𝑍𝑖 = 0

𝐗𝒊 = 𝐑𝒚 φy ⋅ 𝐑𝒙 φx ⋅ 𝐱𝒊 + 𝐗𝒗
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Focal length (Effelsberg) 
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Local deformation
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Effelsberg Onsala
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Scanning in two faces
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Face 1 = 

FRONT SIDE

Face 2 = 

BACK SIDE

1st CYCLE (0° - 180°)

2nd CYCLE (180° - 360°)
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Local deformation (Onsala)
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Cycle 1 Cycle 2



Large systematic errors

Sign changes between face 1 and face 2

Inspection not meaningful
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Results so far
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Construction of a laser scanner
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Gordon 

(2012)

Secondary rotation axis

Primary rotation axis

Mirror
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Construction of a laser scanner
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Horizontal 
axis

Rotational
mirror

Collimation
axis

Vertical 
axis

90°
Laser 

source

Vertical
profile

SIDE VIEW

Horizontal 
rotation of 

the 
instrument
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Possible misalignments: Mirror tilt
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Collimation axis

Horizontal 
axis

Rotational 
mirror

Vertical
axis

SIDE VIEW

x6
Error in horizontal angle in face 1:

∆𝜑𝑗
𝑖= +

2𝑥6

𝑠𝑖𝑛(𝜃𝑗
𝑖)

Error in horizontal angle in face 2:

∆𝜑𝑗
𝑖= −

2𝑥6

𝑠𝑖𝑛(𝜃𝑗
𝑖)

… with 𝜃 = vertical angle
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Further possible misalignments
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Eccentricity of laser

Alignment of laser Alignment of axes

Eccentricity of mirror



1. Scanning of main reflector at several elevation angles

2. Parameterization as rotational paraboloid

3. Least-squares estimation of the parameters by minimizing  𝒗𝑇𝚺−1𝒗

4. Analysis of results

– Global deformation: variations of focal length 𝑓 at different elevations

– Local deformation: residuals from approximation

𝑋𝑖
2 + 𝑌𝑖

2

4𝒇
− 𝑍𝑖 = 0

𝐗𝒊 = 𝐑𝒚 φy ⋅ 𝐑𝒙 φx ⋅ 𝐱𝒊 + 𝐗𝒗
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Extended deformation analysis 
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<= all in two faces

…. in-situ calibration using scans in two faces

∆𝑟𝑗
𝑖= 𝑥2 sin 𝜃𝑗

𝑖 + 𝑥10

∆𝜑𝑗
𝑖=

𝑥1𝑧

𝑟𝑗
𝑖tan(𝜃𝑗

𝑖)
+

𝑥3

𝑟𝑗
𝑖 sin(𝜃𝑗

𝑖)
+

𝑥5𝑧−7

tan(𝜃𝑗
𝑖)
+

2𝑥6

𝑠𝑖𝑛(𝜃𝑗
𝑖)
+
𝑥1𝑛

𝑟𝑗
𝑖

∆𝜃𝑗
𝑖=

𝑥1𝑛+2cos(𝜃𝑗
𝑖 )

𝑟𝑗
𝑖

+ 𝑥4 + 𝑥5𝑛 cos 𝜃𝑗
𝑖 −

𝑥1𝑧 𝑠𝑖𝑛 𝜃𝑗
𝑖

𝑟𝑗
𝑖

− 𝑥5𝑧 𝑠𝑖𝑛 𝜃𝑗
𝑖
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Focal length (Effelsberg)
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Before

After 
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Local deformations (Effelsberg)
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Before After



Effelsberg (100 m)

Onsala (20 m)
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Final focal length decreases
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Final local deformations
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Effelsberg Onsala



• Focal length variations of up to 23 mm

• High-accuracy inspection of large object feasible with terrestrial laser 

scanner, but

–Systematic errors larger than random ones

–Misalignment of laser scanner has to be taken into account

• Scanning in two faces + in-situ calibration of scanner improves inspection

… Knowledge about sensor needed

• Transferable to other laser scanners and other objects
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Conclusion
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Still work to do…
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Thanks for your attention!


