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The RIEGL headquarters in Horn, Austria,
provides — all in all in a number of
buildings — more than 74,000 square feet
of working space for research,
development, production, testing as well
as for marketing, sales, training, and
administration.

In addition, 350,000 square feet of open
space are available and used for product
testing.

Die RIEGL Zentrale in Horn bietet — verteilt
auf verschiedene Gebdude — mehr als
6.850 m? Arbeitsfliche fiir Forschung,
Entwicklung, Produktion und Tests sowie
fiir Marketing, Vertrieb, Schulung und
Verwaltung.

Weitere 32.500 m? Freifliiche stehen fiir
zusdtzliche Tests zur Verfligung.

www.riegl.com
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UAV-based Laser Scanning |

Laser Scanning
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RIEGL UAV-based Laser Scanning — Product Overview
8
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2.6 kg 75° FOV
100° FOV 2 MHz :
eff. pulse rate operating
flight alfitude

EA
: 2.3kg 2 MHz
e 100° FOV eff. pulse rate up[f407gz\’£ m
2.3 kg 2 MHz ) ) ,
o eff. pulse rate fully infegrated fully infegrated @60%
N 100 ToY 2 IMU/GNSS IMUIGNSS farget reflectivity
A 35K eff. pulse rate systermn sysfem
’ 360° F(g)v scan speed scan speed up
up to 200 lines/sec NFB NFB fo 800 lines/sec, e
3;66 I}%V e]ffzélllgehcgize oroa o (Ngdir /}:WGO‘W d]"’d/ (Ngdifmf d/  resulting in an kil
o . r \ ackwar ac optimal line and igh-
100 /200 kHz P and lightweight; Scanning Scanning p(‘))inf srahipnds hlggl fpeerg’gl,g\r/s
pofv;re Lo suited for for an optimal for an optimal perfectly suited sma(l)lorgan e
complex areas coverage of coverage of for use on high- qeroplanes
complex and complex and speed UAVs
vertical targets

eff. pulse rate
applications .
ond ﬂ@able
in wide area il artan

2
extremely
lightweight UAV surveying
miniVUX-1UAYV, /-3UAV VUX-1UAV? /-LR?? NEW VUX-100% VUX-1202% VUX-1602%%/ VUX-180% VUX-240%
for applications using fixed-wing UAVs for applications using higher-flying large UAVs or helicopters
e.g. mapping with the need of detailed high-resolution data

for applications using low-flying small or mid-sized multi-rotor UAVs
itori e.g. coridor mapping, city modeling

e.g. mining, topography, forestry, landslide and avalanche monitoring



unterschiedliche Systemkonfigurationen auf derselben standardisierten Montageplatte

verschiedene Kameraoptionen verfligbar:
RGB - Sony 6100, a7R lll, a7R iV
RGB - Sony ILX-LR1 in Industriequalitat
Multispektralkamera (basierend auf Sony ax)
Warmebildkamera (Flir Tau 2)

bis zu 3 Kameras

nadir, verschiedene schrage Winkel
Gewichts- und Balance-Optionen
shock-gedampfte Platte (optional)

Stromversorgung und Ansteuerung via Scanner




UAV Integration Examples|




VTOL Integration Examples
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R RIEGL

RiLOC-E / RiLOC-F
Location and Orientation Component




for mi?i\/UX series laser scanners
' B RIEGL
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Entry level system

User friendly
Versatile

Safe

Fast
Efficient
Accurate
Attractive price level
no third party components



lion in S0 @ RIE“

- Status quo
IMU
'
Initial Trajectory |—— Georeferencing |— Point Cloud
* |
GNSS Komponenten von Drittanbietern

Hochwertige IMU

Adjusted

Software von Drittanbietern point cloud

kostspielig
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Theoretische Grundlagen

Integrated Trajectory Estimation for 3D Kinematic Mapping with GNSS,
INS and Imaging Sensors: A Framework and Review

Florian Péppl®. Norbert Pfeifer®, Hans Neuner®

“Department of Geodesy and Geoinformation. TU Wien, Wiedner Hauptstrafie 8/E120, 1040 Wien, Austria
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ISPRS Journal of Photogrammetry and Remote Sensing

Integrated trajectory estimation for 3D kinematic mapping with GNSS, INS s
and imaging sensors: A framework and review

Florian Péppl*, Hans Neuner, Gottfried Mandlburger, Norbert Pfeifer

Depaarmment of Gesdegy and Cowinfisrmnion, TU Wien, Wisdoer Hugesrfe 85130, 1040 Wen Awsiis
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INS and Imaging Sensors: A Framework and Review
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calculating initial trajectory
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calculating initial trajectory

initial georeferencing of lidar data
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Integrated Trajectory Estimation for 3D Kinematic Mapping with GNSS,
INS and Imaging Sensors: A Framework and Review
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“Department of Geodesy and Geoinformation. TU Wien, Wiedner Hauptstrafie 8/E120. 1040 Wien, Austria
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Integrated Trajectory Estimation for 3D Kinematic Mapping with GNSS,

INS and Imaging Sensors: A Framework and Review
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calculating initial trajectory

initial georeferencing of lidar data

re-calculating trajectory from IMU
raw data, GNSS positions, and
lidar/image observations

final georeferencing of lidar data



Integrated Trajectory Estimation for 3D Kinematic Mapping with GNSS,
INS and Imaging Sensors: A Framework and Review
{w) O
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“Department of Geodesy and Geoinformation. TU Wien, Wiedner Hauptstrafie 8/E120. 1040 Wien, Austria

Camera GNSS IMU LiDAR
Feature matching | Initial tra jec-tory> 1 Georeferencing
=== -
Dense Multi-sensor Georeferencing
re ,

image matching

trajectory E'H‘L'lIll’:LthIl

WWW.riegl.com  copign rizat Laser veasureme

A

\Glound control

Final point ¢ loud

nt Systems Gmb

8 — Al rights reserved

(N
'JA—'

calculating initial trajectory
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re-calculating trajectory from IMU
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final georeferencing of lidar data
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Specifications RIEGL's entry-level IMU/GNSS
MEMS-based IMU + GNSS system solution for miniVUX series

multiband GNSS: L1/L2 laser scanners

(GPS, GLONASS, Galileo, BeiDou)

IMU sampling rate: > 800 Hz

IMU angular rate range: + 500 °/s
Performance, position: 0.02 — 0.05 m
total system weight: 1.75 kg / 3.86 lbs

Highlights )
v" fully integrated system 3
v" no 3" party hardware needed

- perfect entry-level system
v no 3" party software required P y y

—> for small multirotor UAVs



NEW

Specifications
high-precision MEMS-based IMU

multi-constellations (aps, cLonass, Galileo, BeiDou)
& up to triple-frequency

IMU sampling rate: > 700 Hz

IMU angular rate range: + 300 °/s
performance, position: 0.02 = 0.03 m
RiLOC-F weight: 0.36 kg / 0.8 Ibs

RIEGL’s IMU/GNSS solution for

VUX-series laser scanners

Highlights
v fully integrated IMU/GNNS system system total weight (directly attached):
v" no 3" party hardware needed .«  VUX-100%: 2.51 kg

v no 3" party software required ¢ VUX-12023: 2.66 kg



Integration on various UAVs

Integration kit for DJI M300 & M350 RTK

IK300/350 components:

mounting plate + shock absorbers
GNSS antenna (Callian UAV antenna) + cables + antenna mount
electrically fully integrated (with OSDK module)

Supported systems:

miniVUX-1/-3UAV + RiLOC (1.75 kg / 3.86 Ibs)
miniVUX-1/-3UAV + APX-15 UAV (2.2 kg / 4.85 Ibs)
camera weight additional and fully supported

Key features:

fast, easy and user-friendly integration

instruction manual included

fully automatic operation running RIACQUIRE-Embedded
no user action required during operation = RXP Cutter

WWW. rlegl.com Copyright RIEGL Laser Measurement Systems GmbH © 2018 — Al rights reserved,



RISD vorbereitet fiir DJI M350 RTK, Acecore Noa, - Zoe UAV Plattformen
SINGLE Basisstation + RTK (kurze Basislinie < 10 km) oder VRS
iberschneidende Flugstreifen mit mindestens 25% Uberlappung

Hohendanderungen und/oder kiinstliche Objekte mit ebenen Merkmalen

i Static N | Static
Initialzing \/’\Jig?ment/ - Mission/Survey O\}ig{\menu
£ al al

@ 1-2min. @ 2 min.




RiPROCESS RiLOC-E/-F — post-processing workflow

* nahtlose Integration in den Post-Processing-Workflow

* Automatisierung uber RiPROCESS — Data Processing Wizard

Data Processing Wizard
=== 3
Task selection
Select the tasks to be performed

Double click to activate or deactivate a task:

G

i
i
%
0
i
O
O
O

Tofd

& RLOC ¢ Other

RiLOC-E / -F

RIUNITE

Task 1: Trajectory data processing
Calculating trajectary files

Y

|

Task 2: Target extraction

Ferform full waweform analysistarget impoart

Task 3: Global registration
Global registration of scandata

Task 4: View preparation
Prepare data forvisualization in 30[+2D] view

V -

S

T —
Task 6: RIPRECISION RiLOC 8 /
Optimizing trajectony and LIDAR data quality RI LOC-E -F S

Activate desired task(s] and click 3"

T

Load Settings.

Cancel

Task 1 - Settings

RiPRECISION RiLOC

V IES R Settings :2

Trajectory data proces:
Seinge |
INI A
RLOC data I‘ 240905_062413 20240905 06:24:13+540 - 06:37:084611

2024-03-05 06:23 38 (GPS: 2330 368618 383, DO 245) to 06:36:33 @ 47.74122546°N. 15 480020427

System description: 52229197
Baze ttation data:

Scenario
|ULS mintvLi2 RILOC-E

=]

0\ \R53 Aiopte_raw 2004030605595 _RINEX_3_03\RS3 Ailopte_ran_ 2020000559
0:\..\RS 3 ACapte_taw_20240905055951_RINEX_3_UA\RS3AiCopte_rau M 08050595

Planes per minute:

£00 [~ Recreate plane patches

Optirnization effart:

PRF_20242430000_010._¢

=L TASKS
20 1 task 1x@)
- E-G3) RUUNITE 240905_082356_VUX-100-25 (ASAP)

[¥ Update point clouds when sucessfully finished

1546450428
[c-000
USER SETTINGS E RlL
Plafomkind  [mairotor done =l
Optinization sffcst  [fagh_sceueacy < H
Anterina Lever Am: [ Trmble AV18 E:
@ Fied C Veise @i i
Posion coislence nBOD i3 |
¥ Updale provects Region of Interest and POP mai sher calcubaion
& (o ]| coew |

< Cancel

| ok |

B RIEGL
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lokale Rennstrecke

* viele horizontale Flachen, wenige G

* Betriebshohe: 75 m AGL

* Maanderformiges Flugmuster

* kontinuierliche Datenaufzeichnung
(auch in Kurven)
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R RIEGL

Kinematic App




Kinematic App

...fur die kinematische Datenerfassung von verschiedenen beweglichen Plattformen

. -~ ;
photos are showing experimental testing platforms

(B RIEGL
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Kinematic App

...fur die kinematische Datenerfassung von verschiedenen beweglichen Plattformen

RIEGL VZi GNSS RTK Receiver

L1+L2 receiver, real-time

base station correction data
>

I hien -

low €

RIEGL VZ-2000i / VZ-600i
long range (up to 2.5 km)
high speed (up to 500k meas/sec)

hlgh

low €

Internal IMU

Internal data processing
and storage

RIEGL Add-On Battery
3x Li-lon batteries

B RIEGL

© 2023 RIEGL Laser Measurement Systems GmbH — All rights reserved.



...fur die kinematische Datenerfassung von verschiedenen beweglichen Plattformen

Empfehlungen zur Erzielung hochwertiger Endergebnisse:

RTK-Korrekturdaten erforderlich

maximale Geschwindigkeit der Plattform 15km/h (10mph)
Meiden von GNSS schwachen Gebiete

Sicherstellung einer stabilen Position fur den statischen Scan zu
Beginn und am Ende Ihres mobilen Projekts

© 2023 RIEGL Laser Measurement Systems GmbH — All rights reserved



RTK Einstellungen am Scanner

GNSS Settings Kinematic Acc Kinematic Acqul Kinematic Acquisition

New Project Project Project 2024-09-26_kin

EUE L L GNSS Configuration GNSS Configuratic/ GNSS Configuration

VZ-600i RTK with VZ-600i RTK | Wienstrom

Description

GNSS RTK receiver mounted on top of the scanner without
any camera mount, correction data by WIENSTROM.

Force GNSS Time || Force GNSS Time
Vendor Start Kinematic (fixed frame angle) Scan
RIEGL LMS Gmbh Navigd Navigation Frame

Force RTK Fix Force RTK Fix Start Kinematic (rotating frame) Scan

VZ-600i RTK | BEI

VZ-600i RTK | HO

JO

(1) VZ-600i RTK | Lin yo4el
N () vz-600i RTK | OF RIEGL VZ-600i GNSS RTK Receiver Kinen Waiting for {| Kinematic Scan (rc Start Static Scan
A Antenna Position Meas Meas. Program

(") Vz-600i RTK | RIE| (0,0, 0.152) : .

Antenna Rotates with Scanner Theta Start [geg] | Theta Start [deg] Stop
A () VZ-600i RTK | SOU yeq
. . Theta Stop [deg] | Theta Stop [deg]

O VZ-600i RTK | Sin Coordinate System for Display
c © VZ-600i RTK | Wi WGS84 / Geographic Theta Increment [|| Theta Increment [de
! Log Raw Data ) Rotation Speed [dl Rotation Speed [deg
1 Display Scanner Origin > Change Frame Dir. Change Frame Direc

Display Scanner Origin I

15:19:4




...fur die kinematische Datenerfassung von verschiedenen beweglichen Plattformen

410 Mio points
- 12min 15sec

Pt

D
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...fur die kinematische Datenerfassung von verschiedenen beweglichen Plattformen

mi{\nv 40sec

© 2023 RIEGL Laser Measureme

ems GmbH — All rights reserved



...fur die kinematische Datenerfassung von verschiedenen beweglichen Plattformen

TR 5
il

el 1613 Mio points
‘ 29min 12sec §

&
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...fur die kinematische Datenerfassung von verschiedenen beweglichen Plattformen

io points
15e;

' JA—'
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Datenerfassung bei schlechter GNSS-Qualitat
beim Start der Trajektorie ist ein ,,RTK-Fix“ obligatorisch

wahrend der Datenerfassung kann die GNSS-Qualitat voribergehend auf RTK-Float oder sogar
eine einzige Losung fallen

Orange — RTK Float

JA—'
2024 RIEGL All rig r




Further Improvements on VZ-i Series Kinematic App

* die maximale Lange der Aufnahme ist nicht mehr auf 30 Minuten begrenzt

* Datenerfassung auch bei schlechter GNSS-Qualitat

neue verfeinerte Trajektorienberechnungsszenarien + Definition eines eigenen Szenarios
Trajectory refinement .

Select assumed project scenario:

Outdoor Urban 1st Refine

Lightly Stocked Forest
Outdoor Urban 1st Refine

Outdoor Urban Canyon 1st Refine
Outdoor Urban Canyon 2nd Refin
TLS Mining

> 4

Refine

© 2024 RIEGL - Al rights reserved.



die maximale Lange der Aufnahme ist nicht mehr auf 30 Minuten begrenzt

Datenerfassung auch bei schlechter GNSS-Qualitat

neue verfeinerte Trajektorienberechnungsszenarien + Definition eines eigenen Szenarios

Trajectory refinement =
Select assumed project scenario:
Outdoor Urban ~ |
Q Custom Scenario - O X
Name: ) Nl & el = ’ :
PLANE SEARCH PROPERTIES b, =8 i
Max. standard deviation [0.010..0.050]: 0.015 ) 5 =i
i : 10.000 ; :
bt s (o0 o pointcloud from raw trajectory
Maximum angle difference [2.000..20.000]: ~ 10.000 deg
Main plane orientation: Horizontal/Vertical ~

© 2024 RIEGL - All rights reserved



die maximale Lange der Aufnahme ist nicht mehr auf 30 Minuten begrenzt

Datenerfassung auch bei schlechter GNSS-Qualitat

neue verfeinerte Trajektorienberechnungsszenarien + Definition eines eigenen Szenarios

Trajectory refinement = y : T S R
Select assumed project scenario:

Outdoor Urban v |
Q(,u@tnm Scenario = O X Orientation error max. 100
Name:

PLANE SEARCH PROPERTIES

Max. standard deviation [0.010..0.050]: 0.015 X ]
Max. dista 0.500..10.000]: 10.000 . .

ox. distance ! m pointcloud from raw trajectory
Maximum angle difference [2.000..20.000]: | 10.000 deg i
Main plane orientation: Horizontal/Vertical ~

D

© 2024 RIEGL - All rights reserved



die maximale Lange der Aufnahme ist nicht mehr auf 30 Minuten begrenzt

Datenerfassung auch bei schlechter GNSS-Qualitat

neue verfeinerte Trajektorienberechnungsszenarien + Definition eines eigenen Szenarios

Trajectory refinement = ¢ e
Select assumed project scenario:
Outdoor Urban v |

Q Custom Scenario - O X

Name:

PLANE SEARCH PROPERTIES

Max. standard deviation [0.010..0.050]: 0.015

Max. distance [0.500..10.000]: 10.000 m

Maximum angle difference [2.000..20.000]: | 10.000 deg

Main plane orientation: Horizontal/Vertical ~

© 2024 RIEGL - All rights reserved



die maximale Lange der Aufnahme ist nicht mehr auf 30 Minuten begrenzt

Datenerfassung auch bei schlechter GNSS-Qualitat

neue verfeinerte Trajektorienberechnungsszenarien + Definition eines eigenen Szenarios

nachgewiesene objektbasierte Genauigkeit durch gescannte Objekte Gber Voxel-Datensatz

; |IIII|ﬁ

0026

0020

(N
'JA—'
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die maximale Lange der Aufnahme ist nicht mehr auf 30 Minuten begrenzt
Datenerfassung auch bei schlechter GNSS-Qualitat
neue verfeinerte Trajektorienberechnungsszenarien + Definition eines eigenen Szenarios

nachgewiesene Genauigkeit im CRS durch Kontrollpunkte (Genauigkeit 2-3cm)

Statistics Charts Point Attribute Statistics Plane Distances Units: [m] [deg] [dB] [dB] Reflectance v
NUMBER OF POINTS

Total: 14093 Valid: 14093 Rate: 100.00%

PLANE

Min Max Max - Min StdDev Mean
Range: -0.00900 0.00667 0.01567 0.00193 0.00000
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Correspondin ints: 6 Avg. radial deviation [m]: 0.0015
' - = l Avg. theta deviation [m]: 0.0036
Standard deviation [m]: 0.0206 | L deviation [m]: T

~ Name Link RefCount Size X Y z
[Hblasiuskirche blasiuskirche 0 0.00 -569.494 127.188 510724

View: 2nd_refine_max_dist_2m_max_angle_diff_
Coord. Sys.: MGI / Austria GK Central
Sphere fitting parameter

Name: St.Peterskirche [Hdom_nord dom_nord 0 000 -13117 -88911 545302
[Hdom_sued dom_sued 0 000 -116.504 -128350 545230
Diameter: Unknown [Hfranzi kirche i kirche 0 0.00 -250.902 -91.135 548653
el amate [Arathaus rathaus o 0.00 -213.110 133.864 506.903
[HAst_peterskirche st_peterskirche 0 0.00 -232.131 -198.130 538.720

Refl. range: 35.00

Max. deviation: Automatic

Fit sphere

Result: Value Confidence
Diameter: 0.9765 m 0.0042 m
Center: -232131 m 0.0011 m

-198.130 m 0.0011 m
538.722 m 0.0001 m

Std. dev.: 0.0233 m

Used points: 1131

Show diagrams:

Create tiepoint:

Create
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