-
1]
oo ‘
4 1 .

*-e- |GG UNIVERSITAT

Radio Telescope Inspection by
Terrestrial Laser Scanner

\ 3D METROLOGY
3DM 4 CONFERENCE

10./11. October 2017, Aachen, Germany

Dr.-Ing. Christoph Holst
University of Bonn, Germany



io g University of Bonn

UNIVERSITAT

* Institute of Geodesy and Geoinformation

« B.Sc. / M.Sc. Geodesy and
Geoinformation (German)

* M.Sc. Geodetic Engineering (English)

» Geodetic metrology
 Industrial metrology

« Data processing & accuracy analyses g N

» ... and also: global geodesy

www.wylerag.com; www.leica-geosystems.com; www.hexagonmi.com; www.david-3d.com

AbsoluteTracker

Christoph Holst, Radio Telescope Inspection by Terrestrial Laser Scanner

11.10.2017

Folie 2



0-@-
b Determination of plate tectonics _.
®- IGG UNIVERSITAT
180° -120° -60° 0° 60° 120° 180°
SEEST T T S =T
= == | f— —— - e
= : S I _
= S PO < o
60-} -n_‘h""::; L‘L._‘ = L _L(-\R 5 t\ c s | 603
% I AL LA zﬂ”;’?‘ EURASTA 1 (/ 7
T K ,—‘L:'?_ & & ' Z /-""}
’ & TR
r’J " N
o f . .
R ﬂl = \__,, (
PACIFIC cocC " ,_,g' ""--.
0 = s p—to
\ AFRICA \ S/
SOUTH AMERICA is '
V4 NAZCA Y / i U AN g
| f
ry f / \_ & s, (]
-~ > ¢ Y : AUSTRALIA )
= \ / alaty
L T
- 3 cm/a DGFI T S 505 __:-'-" f/ .
-60' | ——— 3 cmla GIUB ;ﬁ%ﬂ;\ = o 0
| = 3cml/aGSFC = PP SV e -
| =—— 3cml/aSHA — 4 e
Co— — T— — T— — — — — — — — — — — — — —
180° -120° -60° 0° 60° 120° 180°
www.mpifr-bonn.de
Christoph Holst, Radio Telescope Inspection by Terrestrial Laser Scanner 11.10.2017 Folie 3
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igg Very Long Baseline Interferometry (VLBI) __ [
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Radio telescope (Effelsbherg) e
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Assumption:

shape = rotational
paraboloid

Searched for:
focal length +
local deformations
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-0 Onsala & Effelsberg
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::':f Onsala & Effelsberg
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ioe 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
e Leica ScanStation P20
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ISa Point clouds
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iog Noise of laser scan (Onsala)
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3 Deformation analysis

1. Scanning of main reflector at several elevation angles
2. Parameterization as rotational paraboloid

X:+ Y72

4f
X; = Ry((Py) Ry(@y) - x; + X,

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

—Zl:O

4. Analysis of results

— Global deformation: variations of focal length f at different elevations
— Local deformation: residuals from approximation
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-9 Scanning in two faces
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Face 1 =
FRONT SIDE 1st CYCLE (0° - 180°)
Face 2 =
BACK SIDE 2"d CYCLE (180° - 360°)
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$-o Results so far

Large systematic errors

Sign changes between face 1 and face 2

Inspection not meaningful
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igg Construction of a laser scanner __
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Igg Possible misalignments: Mirror tilt e
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I8y Further possible misalignments _.
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o Extended deformation analysis _(

1. Scanning of main reflector at several elevation angles <=all in two faces
2. Parameterization as rotational paraboloid

X?+ Y72
— Z: — 0
/ Arf= Xy sin(Hji) + X190 \
. X cos(8}) -« xq1, sin(6} :
AG; = S ; © + x4 + X5 cos(@}) = l.( ]) — Xc, Sin(Hj‘)
3. Tj Tj
: X X X5, 2x X
A"Dll'zilzi+i-3i+5Z7i+-6i+1?
. ritan(6;) 17 sin(6;) tan(6;) sin(6;) 1

.... In-Situ calibration using scans in two faces /
— Local daetormation: resiauals Trom approximation

Christoph Holst, Radio Telescope Inspection by Terrestrial Laser Scanner 11.10.2017 Folie 23



T Focal length (Effelsberg) L

UNIVERSITAT

29.995— { ‘ : , | | ?

29.990 T T

£ 29.9851

Focal length

After === 7N

29.970F

29 965 | ! | i i | '
90 80 70 60 50 40 30 20 10
Elevation angle [deg]

Christoph Holst, Radio Telescope Inspection by Terrestrial Laser Scanner 11.10.2017 Folie 24



UNIVERSITAT

[mm] (75 deg)

Local deformations (Effelsberg)

Residuals

iduals

Res

Folie 25

11.10.2017

Christoph Holst, Radio Telescope Inspection by Terrestrial Laser Scanner



v

it Final focal length decreases |
I il [C1C UNIVERSITAT
0
-5
E 1o
()
7p)
®©
()
g -15
O
20+ Effelsberg (100 m)
Onsala (20 m)
_25 | | I |
100 80 60 40 20
Elevation [°]
Christoph Holst, Radio Telescope Inspection by Terrestrial Laser Scanner 11.10.2017 Folie 26



o

/
-0
|
-.l.___

-@-

/
@-
|

[]

IGG

Final local deformations

UNIVERSITAT LI

Effel Sber% Mean Residuals of

40

30

20

10

Panels [mm] (75 deg)

_4_%

Residuals [mm] (75°)

Onsala
5

7

U i
A AN A

A
Fi8
R i

G
b % Fedl
e s

sty
el

10

Christoph Holst, Radio Telescope Inspection by Terrestrial Laser Scanner

11.10.2017

Folie 27



$-e- Conclusion ﬂ
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» 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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oo Still work to do...
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Thanks for your attention!

Dr.-Ing. Christoph Holst

University of Bonn, Germany
Mail: c.holst@igg.uni-bonn.de
Phone: +49 / 228 / 73-3570

« Holst, C. et al. (2014): Aiming at self-calibration of terrestrial laser scanners using only one
single object and one single scan, J. Appl. Geodesy, 8 (4), S. 295-310

« Holst, C. et al. (2015): Improved area-based deformation analysis of a radio telescope's
main reflector based on terrestrial laser scanning, J. Appl. Geodesy, 9 (1), S. 1-14

« Holst, C. et al. (2017): Terrestrial laser scanner two-face measurements for analyzing the
elevation-dependent deformation of the Onsala Space Observatory 20-m radio telescope's
main reflector in a bundle adjustment, Sensors, 17 (8), 1833
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