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Mobile Mapping

https:/iresearchleap.com/

https://leica-geosystems.camm
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Importance of Trajectory Estimation Precision? Accuracy?
Trajectory Object Acquisition Pomt Cloud
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Trajectory Evaluation — Goal

Trajectory: Position and Orientation over time

Precision and
Accuracy?
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Trajectory Evaluation — Approaches
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Theoretical Approaches Empirical Approaches
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Trajectory Evaluation — Theoretical Approaches

* \ariance-covariance propagation RTK processing
. . signal errors
¢ Monte'Carlo SlmU|at|On v sagtellite errors Z ?
GNSS pp-
| GNSS /MU — Irajector
Cha”enges: | > Integration ] Y
IMU synchronization
i i . observation models
¢ COmbInatIOn Of mU|tIp|e Sensors 1 processing models
biases
. . offsets
* Closed-source filter-algorithms
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Trajectory Evaluation — Empirical approaches

Schlichting et al. 2014

Indirect methods

 Point-cloud based

* Control point / plane extraction

Disadvantage:

* |solated trajectory evaluation difficult
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Trajectory Evaluation — Empirical approaches

Direct methods
* Pose-by-pose comparison

« Reference: other GNSS solutions / total station

Until now:

* No repetition / repetition with constraints

* Analysis limited to positions
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Trajectop

Direct

1.
« Pose
+ Refe
Until noy 2.
* Nore

* Anal

Rail track

‘ Our Approach:

140 m in length

All 6 DOF (x, y, z, roll, pitch, yaw)

Own methodology

Evaluation of repeated trajectories
Precision and Accuracy of aII 6 DOF
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Rail Track at the UnlverS|ty of Bonn
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roll-variation
) pitch-variation
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Trajectory Evaluation — Goal: Precision and Accuracy

\t precision

mean trajectory approximation
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accuracy
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Trajectory Evaluation using repeated rail-bound measurements

* Lap 1
e Lap 2
e Lap 3
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Trajectory Evaluation using repeated rail-bound measurements

* Lap 1
* Lap 2
e Lap 3
* Mean
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Trajectory Evaluation using repeated rail-bound measurements

* Lap 1
e Lap 2
* Lap 3
* Mean

Spatial order
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Proposed Methodology — Overview
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hronological . o mean _ _
V order Ogma/\' (Spa“al sorting trajectory 1. Spatial sorting
\ % »
— o A 2. Approximation
N A A . Approximatio
L _precision L ajectory approximation 3. Quality measures
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ground truth accuracy
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Proposed Methodology — Overview

PN S

/ ~ arc length \

chronological \ mean

\
{s atial sortin
V order /‘ P /g)/

trajectory

1. Spatial sorting
2. Approximation

: : :/]; : :precision mean trajectory approximation 3 Quallty measures

— ——

ground truth

accuracy
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Proposed Methodology — Spatial Sorting

arc length 3
St Lap
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Proposed Methodology — Spatial Sorting

Smoothing using
o ., Moving-Least-Squares

% Approximation
[
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local neighborhood
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Proposed Methodology — Spatial Sorting

breadth-first-search

Sorting using
Minimum-Spanning-Tree
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Proposed Methodology — Spatial Sorting

arc length

Sorting using
Minimum-Spanning-Tree
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Proposed Methodology — Overview
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Proposed Methodology — Approximation

arc length [m] ————™

arc length [m]

Positions ! Rotations
. . . | . .
Cubic Approximation | Interpolation + Averaging
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Proposed Methodology — Overview
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Proposed Methodology — Quality Measures

Positions Rotations

raw observation

[

— . X— X, Differences of previously
. q; qr interpolated rotations
mean trajectory body frame

qr = ;- q; "
» Deviations are relative to the body frame

» Cross-track deviations > Conversion to roll, pitch, yaw
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Proposed Methodology — Overview
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Experiments

» Motorized track vehicle + trailer
* INS from SBG-Systems
» Leica TS60 for kinematic tracking

-> 20+ laps, ~ 30 mins
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Results - Precision

1e3
2] s vertical T .
. N » Deviations of raw trajectory compared
3 1 | .
} to mean trajectory
0 -15 -10 -5 0 5 10 15 » .
g « Manufacturer's specifications met
1e3

 Approximately normally distributed

.. While single laps show strong

systematics
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Results — Root Mean Square Error

cross-track rms

- . 4.00 _
» Root Mean Square Error (RMS) it m——— £

Vs 3.00

computed using sliding window (0.5 m) &

» Spatial deviation analysis rotation rms 015
» Location dependent irregularities — — — ': o 1o
can be revealed . L J B

0.05
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Results — Root Mean Square Error

cross-track rms
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Results — Root Mean Square Error

cross-track rms
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Results — Accuracy
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Results — Accuracy
horizontal cross-track bias
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Summary
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* Focus: Approach to evaluate / X / Tarclength \ .
avigat ( chronological \ { spatial sorting N
gation sensors order / rajectory
. | / /
» Verification of the methodology with k\.\ | S o "

real sensor data e
$ precision : : :
N mean trajectory approximation

» Enables detailed analysis ofthe @ .. -~ "g"- -

trajectory estimation quality
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ground truth accuracy
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Outlook

* Sensor-Synchronization for along-

track-deviations
* Static measurement of the track
— Higher accuracy of reference
— Rotation accuracy analysis

» Algorithm evaluation using the results

of our methodology

arc length

mean

spatial sorting trajectory

N

—— o —

5—_—’

ground truth accuracy
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Position deviations — Alternative approach

2
°
1 /
o\
sorted
reference

single observation

2 nearest neighbors
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Accuracy - Spatial Relationship of sensors

PC

g PCO Ay

ARP

1 Zy
d

GNSS/IMUL Y. / /

37 s QYESIT B Trimble



