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A Motor actuated 2D laser scanners
A Wide ranging 3D data

A Relative low cost

A Encoder values are required to transf
2D scan points into 3D space

A Proper synchronization required

A Nonzero timestamp offset between encoder and laser scanner

A Assumed to be constant

A Leads to distortion in the resulting point cloud

I
7-Junl7 Timestamp Offset Determination between an Actuated Laser Scanner and its Corresponding Motétage2



i;’ { § Leibniz
. . . . t 0; 21 Universitat
Institute of Systems Engineeririgeal Time Systems Group te 94 I Hannover

view of the utilized SLAM approach [1]
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A Approach by Zhang and Singh, 2014 [1] -2
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A Two separate algorithms ]
A LidarOdometry T
A Motion estimation between consecutive swee| g
correct distortion Feature extraction based on scan points curve

A Sweep: rotation fror90° to 9C° (or inverse)
A Feature extraction using curvature of scan poi
A Feature matching by identifying edges and plz

A Lidar Mapping:
A Construct map and correct for drift over time
A Map is composed of edge points and planar p

A Feature matching by finding correspondences
edges and planes Resulting map of a lecture room
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approach: Prior to data acquisition

A Idea: Execute Lid@dometryvhile standing still
A Calculated movement should be zero

A Wrong timestamp offset leads to erroneously transformed
point clouds

A Algorithm compensates for errors by nonzero motion estimatior

A Approach: Run Lid@dometrynultiple times on small dataset

A Calculate the magnitude of motion d
for different timestamp offsets 0 Vo Of =6

A Find the timestamp offset
that induces the smallest Translation: Rotation:
magnitude of motion 5 \/b 5 o [ \/
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approach: After data acquisition

A Idea: Execute both Lidadometnand Lidar Mapping for a dataset
A Wrong timestamp offset leads to distortion in resulting point clo

ACriteria to evalwuate A4Cl aritys

A Amount of matches (lOJ | |,O= D Accumulated sweeps
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new feature points threshold edge/planar patch Distance between new featu

from map and correspondence from m

planes—'0, i {@= sQ (@A) 1. M@wBT 0 )

A Average error per match
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Results: Prior to data acquisition

Offset [mg Magnitude of motion d

1 24.3 0.0037
2 23.4 0.0314
3 23.9 0.0203
4 24.1 0.0070
5 23.8 0.0220
6 24.6 0.0194

o

e

No. 1 0.02 0.022 oﬁziﬁn ] 0.026  0.028 No. 4 0.02 0.022 Oﬁc;.i?in ] 0026  0.028
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Datasets
covered [m]
Abandoned metistation 159 117
Parking area 208 155
Emptycemetery with lots of vegetatic 287 236
Startsin empty lecture room; finishe 274 184

outside the building under trees

Metro station Cemetery
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Results: After data acquisition

Offset using the total Offset using the

number of matches n average error per
[mg match e mg

Metrostation 23.9 24.2
Parking area 24.0 24.0
Cemetery 23.8 23.8
Lecture room 24.1 24.1
340 000 0.036
3200004 o 0.0349
wn K
@ 300 000 Y 0.032
~ (]
% 280 000 £ 0030
E 260 000+ L 0.0281
; 240 000+ S 00261
€ 220 000 o 00247
2 200 0001 g 0.0224
glao 000 % 0.020+
160 000 - 0.018
140 000 : ; : | . 0.016 1 : : : 1
. 0.018 0.02 0.022 0.024 0.026 0.028 0.03 . 0.018 0.02 0.022 0.024 0.026 0.028 0.03
Parking area Offset in s Parking area Offsetin's
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Results: Influence of timestamp offset

A Top view of metro station dataset
A Pillar in the shape of a hexagon
A Stairs to both sides

A Adjustment of merelyrisleads to a lower perceived clarity

Appropriate timestamp offset of &% Inappropriate timestamp offset of M3

I
7-Jun 17 Timestamp Offset Determination between an Actuated Laser Scanner and its Corresponding Motétaged



{: 1§ Leibniz
. . . . t 0["2 Universitat
Institute of Systems Engineeririgeal Time Systems Group te 94 I Hannover

Conclusion

A Both approaches yield the same result ahg4
A Different datasets were evaluated
A Influence of incorrect timestamp offset was demonstrated

Future Work

A Develop an approach similar to our
first one (prior to data acquisition)
for other sensor combinations

A Use the second approach (after data
acquisition) to determine the
timestamp offset for arbitrary
sensor combinations

Lecture room
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