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Agenda
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1. Need for coordinate transformations
2. Realization of sensor coordinate systems
3. Local transformations between sensors (Registration)

4. Transformation in global coordinate system
(Geo-referencing)
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Her Majesty: TOTAL STATION v
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A Simple task - small object

A comparing two epochs (before after)

\

A Relative to sensor coordinate system
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Her Majesty: TOTAL STATION
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A Large complex object - more stations
A Single coordinate system necessary

A Local transformation between sensors (registration)
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Main example: Building 3D model
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i Step1: TLS Registration L
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;"Ifigg Step1: TLS Registration v
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- Merging to one single point cloud <=>
Coordinate transformations
- Registration to local coordinate system x,y,z
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i Step1: TLS Registration
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Point cloud 3D model

-4 Mathematical
approximation

v A Arbitrary local coordinate system
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Step 2: Positioning on earth
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- Transformation
to global, earth
centered
coordinate
system

° E.g., X'Y'Z|TRF or
X'Y'ZWC|584

- Geo-referencing
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+ Need for coordinate transformations e
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- Coordinate system of acquisition often not the one of
Interest

1. Several different local coordinate systems => Merging in
one of them => Registration

2. Sensor gives local coordinates but geocentric coordinates
are needed => Transformation in global coordinate
system => Geo-referencing

3. Sensor gives 3D geocentric coordinate system but official
coordinates (2D+1D) are of interest => Projection
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Agenda
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1. Need for coordinate transformations
2. Realization of sensor coordinate systems
3. Local transformations between sensors (Registration)

4. Transformation in global coordinate system
(Geo-referencing)
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oe GNSS Receivers vV
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leica-geosystems.com
Google

- observables: x,y,z
- Coordinate system: geocentric, ITRF2014 / WGS84
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o8 Camera e
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thenounproject.com

- Photogrammetry - geometry from images
- Structure-from-Motion (5fM) - point clouds
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+y Source: Atkinson K.B: aClose
range photogrammetry and
x, image point machine vision. In Reinhold

| 1996 New York, NY:Reinhold
( )

| Lap Yo —C

principal point | _ - XF-" +y .
= | image coordinate

| system

N\ >
projection plane X5
7 perspective centre
(X0 Yo, Zp)
object point

X
A (K Vs )

object coordinate system
- observables: x,y
- Coordinate system: local, image coordinate system
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" Camera vV
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Source: Forstner, Wolfgang, and
Bernhard P Wrobel.
Photogrammetric computer
vision. Springer International
Publishing Switzerland, 2016.

- observations

> - sensor coordinate
/ systems
O T

t - Coordinate
transformation

| necessary for 3D
(Bundle adjustment) reconstruction
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T Total station [
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Observables: - KX}
A EDM (laser) - Q

Vertical
encoder;: —

prexiso.com

A Angular encoders - —»

Horizontal encoder: ®
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Total station

v
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Horizontal
axis

- Coordinate system: local, intersection of vertical, horizontal and

collimation axis

Collimation
axis
+X
§

WS 20/21 22

MGE-01, Coordinate Transformations applied to Geodetic Sensors, Holst/Medic



vV

i Total station ._
i UNIVERSITAT
+z
A
[/ \‘\
T1/06, \
9 | f A s oA
e b [ N _9 -
o ok T QUE FIE
| / r ’ Vs rs A ~ an Z
BN W | QOEKAILQ
N ol I QAIT-O .
\ /’ +y

'''''

. Spherical / polar to Cartesian coordinates —he h'QO x, vy, z

WS 20/21
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T 3D Terrestrial Laser Scanner vV
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Vertical axis

Horizontal
axis

Collimation
axis

Rotating
Mirror

leica-geosystems.com
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iog 3D Terrestrial Laser Scanner

Igg UNIVERSITAT
SIDE VIEW _
A Vertical
Collimation” | ™., profile
axis N\_ 4
{ A .
] | ' Rotational
aser : 90° \mirror
source |
- — G : Horizontal
1 axis
\\
3
\\ |
- -\l\: -l --;’unn Horizontal
:\ ~.  rotation of
VertlcalI S the
T instrument

. observables: - HQO oiuin
- Coordinate system: local, intersection of vertical, horizontal and
collimation axis

MGE-01, Coordinate Transformations applied to Geodetic Sensors, Holst/Medic WS 20/21 25



T 2D Laser Scanner vV
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Rotational
mirror

k] \
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" Horizontal

axic - Mobile mapping
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o8 2D Laser Scanner / 2D LIDAR [
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—(fixed)

- Robotics

(measured with
angular encoder)

augustt198.github.io
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3D LIDAR A
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- Autonomous driving
~~«. ___ (fixed for

each laser)

-
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(measured with angular encoder)

bizjournals.com
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Agenda
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1. Need for coordinate transformations
2. Realization of sensor coordinate systems
3. Local transformations between sensors (Registration)

4. Transformation in global coordinate system
(Geo-referencing)
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oy Local transformations

X =red
= green
z = blue

MGE-01, Coordinate Transformations applied to Geodetic Sensors, Holst/Medic
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’ Similarity transform in 3D
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X, =Xpt nﬂgg)(e}) gaz(gy))%()%) X

R(ey.ey,6;)

- Euler angles:  €,6,,6,

- Scale: m

— X
- Translation: Xo:[xo Yo Zo]

. . H — T
- Coordinates in starting system: Xj —[X y Z]J'

- Coordinates in target system: )(j :[x Y Z]T
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t oo Representation of angles _/

AEuler angles: - h h
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AAlternative: Axis -angle representations: —h» [l 1 1]

0 Tt I Tt I
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AQuaternions (not handled here)
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e Similarity transform in 3D UNNERSIW"
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7 DoF / 7 parameters:

- Scale change (1DoF)

- Rotation (3DoF)
- Translation (3DoF)
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Determination of parameters L
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How to determine these 7 parameters?

- 7 or more observations (coordinates) in each system

7 =analytical solution

>7 = adjustment (MGE-03 Statistics & Adjustment theory)
- 3 well distributed points (otherwise ill posed problem)
- known correspondences !
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Determination of parameters
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A 3 well distributed points
A 7 or more observations (coordinates) in each system
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A 1. Artificial targets (e.g. prism, target, sphere)
A aimed (e.g. total station) or automatically detected (TLS)
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Using measured object

A 2. Well-defined keypoints (e.g. corners)
A aimed (e.g. total station) or automatically detected (TLS)

MGE-01, Coordinate Transformations applied to Geodetic Sensors, Holst/Medic

WS 20/21

39



Using measured object
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A 2. Point clouds
A Most often solved by ICP
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Using measured object L
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A

A Geometrical features (planar patches or edges)
A Varying in all 3 dimensions
A (modified transformation equation)
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iog Determination of parameters 7
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Alternative:

- Directly observing transformation parameters with additional
hardware/sensors

- Most often used for partial solution (some parameters) - reducing DoF

- Reducing number of parameters increases efficiency and accuracy of
result

- (Complete solutions not covered here)
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,’ Reducing DoF: Scale [
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EDM (laser): Time-of-Flight (ToF)

le
I\

Laser Source (%9 d

Transmitter

Photodetector F—= \

Start | Stop

Counter —d

A c: Speed of light in vacuum

((‘) O ) _| A Distance is given in meter =>

aw Scale fixed

A Propagation delay of current
atmosphere needs to be known
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’ Reducing DoF: Rotations - , - A
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- ,- areEuleranglesin x- and y-direction
- If reference system is levelled, - ,- equalinclinations

- Deviations from horizontal plane => measurable by
inclinometer

Horizon ---------/---

Pendulum

Horizon
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A 3D sensors often contain compensator

A Compensator = Inclinometer + unit correcting —»

A Requirement for compensator: course levelling of sensor
=> - - Ttif using only sensors with compensator
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Iog From 7 to 6 or 4 DoF [
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Often at static
data acquisition
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Composition of registrations L
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increases accuracy Ofi, " b

of result
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Composition of registrations L
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‘fjfigg Determination of parameters UNNERSITAT"
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Summary:

- using identical artificial points (targets)

- using measured object (keypoints, point cloud, geometric features)
- using additional hardware

- Combination

4 N
- ” More in the next
H%ﬁ“- chapter:
Georeferencing
leica-geosystems.com leica-geosystems.com velodynelidar.com - K lsica-geosystems.com /
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Can become more complicated L
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www.hokuyo-aut.jp

A Observations in 3D (but A 2D image coordinates
within 1 plane ~2D) (no 3D space)

A no targets, keypoints, planes A collinearity equations

A Lines & point clouds A Scale* issue (all 7 DoF)
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ROFILER 9012M

Zf-laser. com
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