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Introduction

New features, improved accuracy

Different methods

Different standards

Development of testing procedures
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Leica ScanStation 1 Leica ScanStation 2

Riegl LMS420i

Faro LS880 Zoller + Fréhlich Trimble GX
Imager 5006
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Technical specificatio

Scanner / Trimble Leica Leica Riegl
feature GX ScanStation 1 ScanStation 2 LMS420i
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resolution
[°] 0,0017 0,0017 0,0017

3D single point accuracy 12mm/100m 6mm/50m 10mm/50m

integrated integrated integrated extern / option

Inclination sensor Compensator Compensator Compensator op! El
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Scanner / i Z+F
feature HDS 6000 IMAGER 5006
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resolution
[°] 0,009 0,0018
3D single point accuracy _ 6mm/25m

Camera extern / option extern / option extern / option
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3D test field

Investigation into 3D accuracy (VDI/VDE 2634 Part II, Ill)

Test field: 43 reference points,
3D precision < 1mm

Large volume: 30x20x12m?3
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3D test field

Test bodies: spheres,
diameter 145mm / 199mm

Scanning of spheres from
5 stations

Computation of 3D distances
between reference points
in all combinations

M8
Thread Hole

Up to 780 distances (S
with different directions
in space
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3D test field

Comparison: Scanner distances vs. reference

.1 b . ;|
16.6363 16.6304
8.9669 8.9530
21.8998
23.5719

9.4487 5
16.8890 16.8903
8.9483 8.9511

STATISTIK

StreckeMin = 1,5643; StreckeMax = 33,1000
dMin = —0.0160: dHax = 0.0313

dHit 0.0056.: dHitAbs = 0.0070

nHeg = 153: nPos = 627. nGes = 780

LEGEHDE
d

dHax

dHin

dHit
dHitibs
nGes

nNeg

nPos
StreckeGen
StreckeRef

StreckeRef — StreckeGem:

Hazimaler Wert wvon d:

Hinimaler Wert von d:

Summe ( d ) - nGes:

Summe ( | d | } ~ nGes;

Anzahl d gesamt:

Anzahl d nega H

Anzahl d positiven incl. 0;

Berechnete Strecke im gemessenen System
Berechnete Strecke im ReferenzSystem:

JGeoPro., ¥ersion: 7_.3.25x. HafenCity Universitit Hamburg. Department Geomatik

Hamburg

3D test field

Results from test campaign March 2007

Scanner syst. shift [mm]

Leica ScanStation 1
Z+F IMAGER 5006
Trimble GX

Faro LS 880 HE

—&— Faro LS880
Leica Scanstation 1

—®— Trimble GX
Z+F IMAGER 5006
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Difference [mm]




H HafenCity University
Hamburg

3D test field

Results from test campaign October & December 2007

test # 3D # Al mi / span min/max | syst. shift
Scanner campaign points distances

Leica ScanStation 1 Oct. 2007
1

N

Leica ScanStation 2 n

Leica HDS6000
(o] = |
[ o | ot |

Z+F IMAGER 5006 Oct. 2007
Riegl LMS420i Dec. 2007
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3D test field
Results from test campaign October & December 2007

Z+F IMAGER 5006 80

—m—Leica HDS6000 —‘
Leica ScanStation 1 ]
Leica ScanStation 2

—4&— Riegl LMS Z420i

Difference [mm]
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Distance measurement HCU | &g

Comparison of scanned vs. reference distances (EDM)
Scanner targets: spheres / planar targets

Scanned distances: average of 3 scans

Field conditions!

5Results from test campaign March 2007 ——Faro LS880 / Sphere 145mm

46 Leica ScanStation 1/HDS Target
—&— Trimble GX / Flat Target

2,0 Z+F 5006 / Sphere 145mm

0,0

Difference [mm]

-2,0

4,0

Position [m]
-6,0

" Difference of scanned vs. reference distance
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Distance measurement HCU | &g

Leica ScanStation 2: comparison to reference
-o- HCU-Kugel HDS-Target HDS B/W-Target

Residual [mm]
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Reference distances baseline Hamburg-Ohlsdorf:




Distance measurement
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Results from test campaign October 2007
Riegl LMS 420i
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fference [mm]

Distance [m]
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Inclination sensor & tumbling error

12 spheres distributed on the circumference of
a horizontal circle (r = 50m)

3 (5) scans / sphere with highest resolution
Monitoring of tripod movements by Leica Nivel20
Condition: all spheres should lie in one plane

Scanners with inclination compensation: z = const.!
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Inclination sensor
oﬂ
3300

Centre

Inclination of tripod from Nivel20 measurements Temperature [°C/10] Inclination [mrad]
33 1
0,31
0,29
0,27
0,25
1 37 73 109 145 181 217 253 289 325 361 397 433 469 505 541 577 613 649 685 721 757 793 829 865 901 937 973 1009 1045 1081

time
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Inclination sensor

Trimble GX Leica ScanStation 1
Leica ScanStation 2 ——Faro LS880
Z+F IMAGER 5006 (March2007) Z+F IMAGER 5006 (Oct2007)

Difference [mm]

Position on circle [ °]
Differences of scanned spheres vs. horizontal XY plane (Z-coordinate)

Differences of scanned spheres vs. average XY plane

N N
 —
Trimble GX
Faro LS880
Leica ScanStation 1
Leica ScanStation 2
Z+F IMAGER 5006 (March2007)
Z+F IMAGER 5006 (Oct2007)

Difference [mm]

Position on circle [ °]
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Influence of the laser beams
angle of incidence on 3D-accuracy

Test body: swivelling planar stone slab

Scanning of the stone slab in 10 angular positions

. -
Resolution: 3mm >

Reference: 4 spheres ——

mounted on stone slab g

Postulation: spacing of
averaging planes through
centre of spheres and point
cloud should be constant!

Influence of the laser beams
angle of incidence on 3D-accuracy

Variation of fitted plane vs. reference plane
—&— Faro LS880 Leica ScanStation 1 —&— Trimble GX
Z+F 5006 Leica ScanStation 2

Spot size of laser beam at 10m
Faro LS880: 2,5mm

Leica ScanStation: 4,0mm
Trimble GX: 0,6mm (autofocus enabled)
Z+F IMAGER 5006: 2,2mm

£
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Variation [mm]

3
Angle of incidence [ °]
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Conclusions and outlook

Results of investigations = * specs of manufacturer
Test field: ,realistic‘ volume

,Circle‘: new approach on investigations on
inclination sensor & tumbling error

Critical aspect: ratio range of scanner to size of target
Standardized tests, test bodies, calibration & formats?
Single point measurement?

Competition between laser scanners and total station?
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Thank you very much
for your attention!
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