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Mame 20 rokov skusenosti s multikamerovymi a
multisenzorovymi mapovacimi systémami
, Vexcel Imaging, Applanix, Hyspex

V tejto prednaske sa zameriame na 2 oblasti: laserové data a softvér na ich analyzu:

2. Laserové skenovanie — — sme autoriz. distributori 'l‘\
najvyssia kvalita laserovych skenerov, 40 rokov vyvoja

- Presné terestrické laserové 3D skenery - TLS

- UAV laserové skenovacie systémy - ULS Riegl

- Letecké mapovacie systémy - ALS Riegl

5. Spracovatel'sky softvér na postprocessing, analyzy a management dat

AvK 2023, Bratislava Ing. Marko Pasko, E%PE@T
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2. Laserové skenovanie —

Riegl vyraba Siroké spektrum laserovych mapovacich systémov ULS, ALS, MLS a kazdy z nich zaznamendva data
v opakuijticich sa obrazcoch konkrétneho tvaru, v zavislosti od pouzitého technického riesenia nasmerovania
emitovaného laserového lGca do oblasti mapovania: T RIEGLVQ1S601 RIEGL VQ.880.GI e i 5 symmetric lines (NFB)
- v tvare paralelnych linii kolmych na smer letu, ; - [ I
- v tvare krizujucich sa linii pod urc¢itym uhlom,
- v tvare Spiral

- v tvare lomenej Ciary

- v tvare 3 resp. 5 skoro paralelnych kriviek

Riegl ALS: letecké s

kenovacie systemy

3 : 98kg
y 40° FOV.
L (elliptic scan
. pattem)
e 200 kHz
:‘%A:r_‘ 43kg eff, puise rate.
— e = 75° FOV water penefration
s 2 MHz 2 Secchi depins
2.7kg eff, puise rate
75° FOV
ft. z "IM‘I i
26k eft. pulse rate n
100° FOV for 60° FOV
Py 2 MHz tuly fopo-bathymetric regular
2.3kg eff.puserale  jneamed LIDAR scan pattemn
o i U » IMUIGNSS applications e
ul systemn
K - off pfdiote  Infegrorted 3 forward/backward up10293 Mz
) 3540 IMUIGNSS versatile O Tk look meas. rae
’ 360° FOV keon efficient - 5 up 10 2.66 MHz VQ-1260:
1.2/ 1.5 MHz NEB (o] high-speed ‘high resolufion 60° FOV meas. rate upfo 1.47 MHz
; eff. pulse fale el UAVS, coastine o -207-10°/0% operating ImacEclo
e Backward) helcoptersor | Shallow wer g 10°/20° NFB aifude ACL operating
100/ 200 kHz Scanning for small manned £nepng 60° FOV up fo 2 MHz up o 12,800 alfitude AGL
el an opfimal up f0 1.33 MHz meocs. rate up to 14,450 ft"
m meas. rate operating
e operating alfitude AGL
m' forgels aftitude AGL up fo 7,550
10 1.25 Mz up to 12,800 ft"
mepeluay | M lUAE ) i zon VUX-1607 | NEW VUX-180% VUX-240% Va 840-GL meas. ate
minVUX-3UAV VUX-1LR? operating NFB (Nadir/
i Ri 75° FOV. for Forward/Back- dual channe! turnkey system
(Zdroj: Riegl LMS GmbH. a Expert_for_3D_Landscape, spol. s r.0.) el oA A SEER ek Hefloih
meas, rate 0 system for an oplirm:z%or for high amngfe, large scale
A : 4 H configurations coverage large scal mapping
. operating
Do6vody zamerania sa na data Riegl: igpemg, Sompietand mepping
up to 3950 ft

- dominancia vo svete aj v SR — vsetci dodavatelia dat laserového
skenovania pre ZBGIS maju laserové ALS skenery Riegl

_ dosahujlil najvy§§iu kvalitu d&t (Zdroj: Riegl LMS GmbH. a Expert_for_3D_Landscape, spol. s r.0.)
- vela inych vyrobcov voli Riegl aj na integraciu (Vexcel, Trimble, a.i.)
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2. Laseroveé skenovanie —

(Pokracovanie) DalSie priklady Riegl $pecializovanych laserovych mapovacich systémov MLS
s pre ne typickym zaznamom dat v opakujucich sa obrazcoch konkrétneho tvaru :

- v tvare paralelnych linii kolmych na smer pohybu meracieho vozidla (tu neuvedené)

- v tvare paralelnych linii pod uréitym uhlom voci smeru pohybu meracieho vozidla,

- v tvare krizujucich sa linii pod urcitym uhlom voci smeru pohybu meracieho vozidla

Okrem tvaru maju data aj prislusnu hustotu bodov na m? a dosah, ktoré su ovplyvnené
- aktudlnou rychlostou pohybu meracieho vozidla,
- zvolenym nastavenim parametrov skenovania (LPRR, ...)

Riegl MLS: mobilné skenovacie systémy a priklady ich zaznamu dat

ol 11 cm line spacing - 11 cm line spacing > 27 cm line spacing
% ; - ; o ‘
‘& 8 mm point spacing 2 ° 8 mm point spacing v 15 mm point spacing
- Qa - acc, prec: 5/3mm \ (. acc, prec: 5/3mm ) acc, prec: 15/10 mm
. M é:

).« iedges may be
i+ sdue to coarse
line and point spacing

.« sedges may be
missed in asingle run
due to parallel scan
line orientation wrt.
object

pracizz gyjaes 2l
e)uz dzrgedygina
single run
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2. Laseroveé skenovanie

Najnovsi priklad vyznamu dat laserového skenovania pre mapovanie je integracia
leteckého laserového skenera s digitalnou fotogrametrickou kamerou (premiéra
bola na Intergeo 10.10.2023):

Vyrobca Vexcel Imaging UltraCam zadefinoval 3 SVEXCEL
letecké mapovacie systémy nanovo > HEeES
- spolu s vyrobcom vytvoril integrovany mapovaci systém, v ktorom

optimalne spojil vyhody digitalnej fotogrametrie a laserého skenovania
- Vexcel Imaging UltraCam a VQ-680(0OEM) = ULTRACAM DRAGON 4.1

>

ULTRACAM

®

VEXCEL

AVK 2023, Bratislava Ing. Marko Pasko, E%PE@T
For#JM\LANDSCAPE
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5. Spracovatel'sky softvér na postprocessing

Data z laseroveho skenovania vo forme georeferencovanych mraéien
bodov (GMB) sa stali beznou suCastou ponuky zdrojov geodat, najma ak
chceme zistit, detailne zadokumentovat’ alebo overit’ priestorové vztahy.

(G)MB si mézeme stiahnut’ a vyuzit’ ako podklad, ktory vieme dat do
suvisu s ostatnymi dostupnymi alebo meranymi datami.

V Case stiahnutia, pripojenia, resp. pred dalsim spracovanim mame o nich
len zakladné informacie a treba ofakavat, ze mézu obsahovat aj nechceneé
javy a prvky ndhodne zaznamenane pocas laserového skenovania.

Mnohé sw-nastroje vSak umoziuju len zakladne ukony importu
a zobrazenia mracCien bodov, bez moznosti ich d'alSieho detailnejSieho
selektovania, filtrovania a analyzy.

AvK 2023, Bratislava Ing. Marko Pasko, EE&PEE@T
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5. Spracovatel'sky softvér na postprocessing

Prvym krokom pri praci s mracnami bodov je ziskanie ¢o najdetailnejSich poznatkov
0 samotnom zdrojovom merani:

- ako vzniklo,

- 0 aky druh laserového skenovania ide (TLS, MLS, ALS, ULS)

- aky je potencialny dosah senzora

- aka bola aktualna rychlost nosiCa (zo zaznamu trajektorie)

- ako boli nastavené parametre skenovania

Tieto popisné informacie sa len tazko ziskavaju nasledne tretimi stranami, mesiace a
roky po ich zverejneni, preto by malo byt beznym Standardom, Ze kazdé takéto
zverejnené data budu mat ako sucast’ popisnych informacii aj technicku spravu pre
odbornikov, obsahujucu detaily o

- pouzitom pristroji - vyrobca a nazov senzora

- nastavenych parametroch skenovania

- trajektorii merania z IMU/GNSS

(po postprocessingu a vyrovnani s laserovymi datami)

- verzia LAS a popis zaznamu (pocet odrazov, pocet klasifikovanych tried)

- krokoch postprocessingu (pouzity sw a nastroje)

- pouzitych saradnicovych systémoch (pri zazname, pri exporte do LAS)
Tieto informacie su velmi délezité pre pochopenie potencialneho prinosu
zaznamenanych dat, pomdzu korigovat nase oCakavania a nasmeruju nas na vhodny
postup ich d’'alSieho spracovania, vyuzitia ¢i vedeckého badania.

AvK 2023, Bratislava Ing. Marko Pasko, EE&PEE@T
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5. Spracovatel'sky softvér na postprocessing

Analyzy by sme mali vykonavat na predspracovanych datach, z ktorych uz budu
odstranené neziaduce javy. Ich detekcia, vizualizacia a selekcia nie su vzdy
jednoduché a vyzaduju premyslené nasadenie kombinacie viacerych nastrojov
sucasne, Ci uz ide o vyber na zaklade nejakej konkrétnej vlastnosti merania, polohy,
vySKy, Casu, vazieb na okolité body.

Vyberom malej skupiny reprezentativhych dat si data otestujeme a zacielimeme
vypoctovy vykon na to podstatné, o urychluje dopracovanie sa k relevantnym
vysledkom.

Preto sa zameriame na niektoré uzito€né sw-nastroje, ktoré na zaklade nasich
osobnych skusenosti zo spracovania dat laserového skenovania, rozSiruju a urychluju
moznosti ich interpretacie, analyzy a skumania.

Riegl RiScanPro - SW na spracovanie TLS

Riegl RiPano - SW na spracovanie TLS

Riegl RiProcess - SW na spracovanie MLS, ALS, ULS
Simactive Correlator 3D UAV - sw vyuzivajuci ALS, ULS, MLS aj TLS
Laserdata LIS Pro 3D - SW na spracovanie ALS, ULS, MLS aj TLS

AvK 2023, Bratislava Ing. Marko Pasko, EE&PEE@T
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5. Spracovatel'sky softvér na postprocessing

RiScanPro - sw na spracovanie TLS
- automatizované parametrizované procesy ufahcuje One Touch Wizard, v ktorom
mdb&zZeme vybrat viacero krokov spracovania naraz, nastavit ich a spustit v davkovom
spracovani
- treba ale poznat ich hodnoty parametrov pred nastavenim — tie si zistime
individualnym preskimavanim zaznamenanych dat laserového skenovania

¢
3 I 4

Project Edit e T Registration Wind Helg

LA Automatizovane postupy = o

"BX 2R Qe [ SR FFE O™ e # L
Projectmanager Objectinspector Readout (PRCS) One-Touch Processing Wizard L} u
& 2022-04-05 cDOT 00r13808 A Task selecti

£ CALIBRATIONS (1 ask selection

# COLLECTIONS Select the tasks to be performed

E SCANS N

= VIEWS Task 1: Convert Scans

23 COORDSYSTEMS Convert raw RXP scan data into to RDB 2 database file format

8 OBIECTS Task 2: Filter Scans

e EESBS;?Q“ON Keep one echo per laser shot. Delete points with a Reflectance below -25.00...

@ TPL (PRCS) Task 3: Register Scan Positions

& TOL (PRCS) Register Scan Positions with Automatic Registration 2

& POP 5 : z

| I -t v Task 4: Fine Adjust Project
D & - 9 . ‘¢ i \ EI -t = Adjust Scan Positions with Multi Station Adjustment 2
o -4 ° Task 5: Calibrate Camera Mounting
Calibrate Camera Mounting by using data from first 3 Scan Positions

Task 6: Colorize Scans from Photos
Colorize Scans from Photos

e Task 7: Mark Single Source Points (] 69% Remainng: 42m

. .

F I I rova n I e ex o rt Mark points that are scanned from one Scan Fosition only with the "Single S... Mark Single Source Points in 97 Point Clouds
’ : -

Task 8: Mark Dynamic Objects

Mark points caused by dynamic objects with the "Dynamic Object Point" Point...

Task 9: Generate Octree based Point Clouds
Generate combined point clouds with the following resolutions: 0.015 m)
e 0.030 m (POINTCY Task 10: Create 3D Views

[37540] Apply Poml Flags from " Smgle Source Point Octree 0.030 m" - Start{ Create 3D view with generated combined point douds
Save requested - project will be saved after all tasks are completed Task 11: Create Ortho Plots
Save requested - project will be saved after all tasks are completed

Message list - Thread list - Info

Create orthoplots as GeoTIFF images from the top

| 1 Task 12: Export as RIPANO v

Status:  Running

OneTouch Wizard v softvéri Rieg| RiScanPro :(Zdroj: Expert_for_3D_Le, spol. s r.0.) e

AvK 2023, Bratislava Ing. Marko Pasko,
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5. Spracovatel'sky softvér na postprocessing

RiScanPro - sw na spracovanie TLS
- individualne skimanie fubovofnych detailov
- podla odrazov luCa
(jediny, prvy, medziodraz, posledny)

- podla vlastnosti Reflectance

Landscape, spol. s r.o.,

t for_3D

- podla fototextury - skutoénych farieb

- podla vysky v kombinacii s reflectance &

zamerané pristrojom Riegl VZ-400i
Postprocessing a autor snimok: Exper
spracované v softvéri RieglRiScanPro

Zdroj datTLS

AvK 2023, Bratislava Ing. Marko Pasko,
24.11.2023 Expert_for_3D_Landscape, spol. sr.o. [F@R LAMIS@APE



5. Spracovatel'sky softvér na postprocessing

Riegl RiScanPro - sw na spracovanie TLS
- individualne skimanie fubovofnych detailov
- podla Reflectance - podfa fototextury - skutoénych farieb

scape, ﬁoﬁs‘o’ ‘ L

Z- 400|

- podla vysky
v kombinacii s
reflectance

AvK 2023, Bratislava o Ing. Marko Pagko, o E%PERT
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5. Spracovatel'sky softvér na postprocessing

RiScanPro - sw na spracovanie TLS

- individualne skimanie lubovolnych detailov
- podla intervalového zafarbenia do danej vysky, ostatné nad Cervené

'| Zdroj dat TLS: Expert_for_3D_Landscape, spol. s r.0., zamerané pristrojom Riegl VZ-400i
.'I .,I'Jl:

U Postprocessing a autor snimok: Expert_for_3D_Landscape, spol. s r.0., spracované v softvéri RiegIRiScanPro

F@RE&LAND@@A@E




Riegl RiScanPro - sw na spracovanie TLS

- individualne skumanie fubovolnych detailov — pomocou kombinacie vySkového filtra Height Filter (napr. na odfiltrovanie
elektrického vedenia) a filtra objektov nad terénom Terrain Filter (napr. na selekciu deformovaného zaznamu pohybujlcej
sa elektricky

RETIR JU | pm— . R SN
NGO d- B0 2HBEKL L -REAS 0
s "'@'%'&”%*"'0'-'84}\’1?5@ ﬂ\x

188.600
188.500 |
188.400

188.300

188.200
188.100 - —]
188.000

187.900

9 1 Pﬁwcessmg aauﬁarﬁlmok Expert for 3D Landscape spol Sr.0. vst)ft eri R| gIRlScanPro

Project coordinate syste v |- 12 v | &

Layer: v [

-
Center: m
Lower: n [&
Increm.: m

Select: Select points| Height: | 0.100| m

o e s

N
=2
=
=
]

%l Method: @ Local Terrain (O Terrain Filter Plugin

Local Terrain

Max. ground indination: deg
Max. point distance to ground: m

Note: Press "T"in the 3D View to immediately run the Terrain Filter with
the last used settings.

1st: As a prerequisite manually select non ground points induding A
some ground points.

2nd: The algorithm estimates the local ground by considering the
confiqured maximum around indiination.

Restore default E Cancel Help

AvK 2023, Bratislava Ing. Marko Pasko,
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Riegl RiScanPro - sw na spracovanie TLS
- individualne skumanie lubovolnych detailov — zvyraznenie vySkovych rozdielov pomocou opakovania farebnej Skaly

Zdroj dat TLS: Expert_for_3D_Landscape, spol. s r.0., zamerané pl’lStI’Ojom Riegl VZ- 400|
Postprocessing geautor snimok: Expert_for_3D_Landscape, spol.

LANDSCAPE

AvK 2023, Bratislava Ing. Marko Pagko, XPEW
For /4N

24.11.2023 Expert_for 3D_Landscape, spol. s r.o.




Riegl RiScanPro - sw na spracovanie TLS
- individualne skumanie fubovolnych detailov — vySkové rozdiely voci horizontalnej referenénej rovine

T 7 28 DY

TR R R
" e
v Y S

DE “\nh‘l

~

- L pists 1=Js : ‘b&'@q ' P S o
> -ﬂ”.‘.. - 1 \ | ‘;»‘,\ | r megLi% .|i,. -

T Ny \ -]
-

=

-— = SNESS WS W S —
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Riegl RiScanPro - sw na spracovanie TLS
- individualne skumanie fubovolnych detailov — odsadenie od vertikalnej referenénej roviny

— -, 3 e “*‘" k
o o4 . Zdroj dat TLQ@X ert fo‘r Land&?pe spol s r.0., zamerané pristrojom Riegl VZ-200i f
e r’PostprocesSI 3 -; Ex{oe for 3D Landscape spol. sr.0., pomocou.softveru Riegl RlScanPro

2.0000 32.0000 4 0000

s - UUUu 0000 3.0000 2.0000 og0QQ™ 0 .0000" 1.0000
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Riegl RiPano - sw na spracovanie TLS

- umoznuje vytvarat rezy su€asnym zadefinovanim prednej a zadnej se€nej roviny, vertikalnych limitov a color by distance

_.A _ Section 1 Used 3D Laser Scanner:

o
PR A

04_x306_spssza | Section 1

12.120mx6m Date 2022-04-08
-108.552m Plan 0243mx0.12m Resolution 100 px/m
438.000m Scale 1:50 OperatorExpert_for_3D_Landscape

Zdroj dat TLS: Expert_for_3D_Landscape, spol. s r.0., zamerané s Riegl VZ:400i"
Postprocessing a autor snimok: Expert_for_3D_Landscape, spol. s r.o.
spracované v softvéri Riegl RiScanPro a v softvéri Riegl RiPano

24.11.2023 Expert_for_3D_Landscape, spol. sr.o. LANDSCAPE

AvK 2023, Bratislava Ing. Marko Pagko, E%PERT



Simactive Correlator 3D UAV - sw vyuzivajuci ALS, ULS, MLS aj TLS

- Import LAS, vytvorenie DSM, 3D aj 2D vizualizacia — Standardne pre vSetky triedy naraz — viditelné artefakty v 3D aj 2D view

Zdroj dat LLS: UGKK SR

Postprocessing a autor snimok:
Expert_for_3D_Landscape, spol. s r.o.
spracované v softvéri Simactive Correlator3D UAV

- Vysledok sa vyrazne vylepsi,
ak importujeme len triedu Ground
(tu ziskame za pouzitia softvéru
Laserdata LIS Pro 3D)

AvK 2023, Bratislava

Ing. Marko Pagko, x RT
24.11.2023 Expert_for_3D_Landscape, spol. s r.o. E AN PE
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Laserdata LIS Pro 3D - sw na spracovanie ALS, ULS, MLS aj TLS
- obsahuje funkcie LIS Info, Extract subset (len dané triedy), a iné

File Signature:

Yergion;

Source |D:

Glabal Encoding:

Praject ID/GUID data 1-4:
Systenn |dentifier:
Generating S oftware:

File Creation Day/r'ear:
Header Size:

Offzet ba Paint D ata:
Murnber % ar. Length Records:
Faint Data Format:

Point Data Record Length:
Murmber of Point Records:
Murnber of Pointz by Returm;
Scale Factor <Y Z:

Offset =Y 2

Min = 2

[ EE T

La&SF

1.4

5224

16
00000000-0000-0000-0000-000000000000
‘POAL

‘PDAL 1.8.0 Releas]

52/2021

375

1255

]

E

30

1]

goooao

001 oo 0ot

-579478.000000 -1270876.000000 205.000000

Total Points: 1053166

Actual number of pointz by return iz different from header [actual, header):
797330, 0

Actual number of pointz by return iz different from header [actual, header):
123008, 0

Actual number of points by return iz different from header [actual, header]:
B4223.0

Actual number of points by return iz different from header [actual, header]:
348290

Actual number of pointz by return iz different from header [actual, header):
17428.0

Point Classifications

-B79784.920000 -12732491.930000 145210000
-573463.120000 1273222.040000 233.230000

Point Inspection Summary

Header Paint Count;
Actual Point Count:

1]
1053166

Minimum and Maximum Attributes [min. max]

Min 5 2

Max =52
Bounding Box:
Time;

Return Mumber:
Return Count;
Flightline Edge:
Intenzity:

Szan Direction Flag:
Srcan Anole Fank:
Classification:
Foint Source |d:
Mirirurn Colar:

M amirium Color;

-B79784.920000 -1273491.930000 145210000
-B73463.120000 1273222040000 233230000
B79784.92, 1273491 93, 57346312, 1273222.04
147090.516587. 147097.838111

1.7

5535

ocog— L—ooo—
TN m o~
==

oo=
oomm,

Number of Points by Return

[1) 757990
[2) 129008
[3) 64223
[4) 34829
[B) 17428
[6) 7004
[7) 2684
o

Total Points:

AvK 2023, Bratislava
24.11.2023

1053166

Ing. Marko Pasko,

Expert_for 3D_Landscape, spol. s r.o.

42525 Unclagzified [1]
AE2E39 Ground [2]

G743 Lo Y egetation [F]
93544 tedium Yegetation [4]
159902 High “Yegetation [5]
124966 Building [E]

bl ] Lo Paint [noize] [7]
1263 High Maize [18]

ol execution succesded

=
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Laserdata LIS Pro 3D - sw na spracovanie ALS, ULS, MLS aj TLS
- vieme nim vypocitat normalizovany DSM ... na vySku objektov nad terénom

*2 History = Legend EH Attributes 2
Settings © Description 'f
=} Options A |lle
£l General §
Name nDSM ;
Description §
41 No Data -99999; -99999 >
=! Show Legend §
Style vertical =
Unit E
Z-Scale 1 &
Z-Offset 0 2
Show Cell Values () E
Maximum Samples 100 =
File Cache O §
! Display = =
- Transparency [%] 0 & H A .
= Grid system 0.5; 246x 220y; -389406.732000x -1 , .: Zd ro] dat LLS ? U G KK SR
e : Postprocessing a autor snimok:
g/t g Expert_for_3D_Landscape, spol. s r.o.
Minimum: 0.000000 g -
r;::;"m el spracované v softven LIS Pro 3D ,

*2 History Z Legend 5 Attributes
Settings o Description
) Options A
I General
Name CHM_smooth_segments_centroid:
Description
41 No Data -99999; -99999
Show Legend M

Additional Information

=l Display
Transparency [%]
Show at all scales

<none>

0
%]

=/ Floating Point Numbers fix number of decimals

Decimals

6

Chart 24 parameters
Fill Style Transparent v
=1 Outline M
Color - Black <
Fill Style
Choice

&vailable Choices:
0] Opaque
AT

52660 1252650 1252640 -1252630 -1252620 -1252610 -1252600 -1252500 -1252580 -12525

' 7droj dat LLS: UGKK SR
Postprocessing a autor snimok:
¢ Expert_for_3D_Landscape, spol. s r.o.
~“spracované v softvéri LIS Pro 3D~

AvK 2023, Bratislava Ing. Marko Pasko,
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	Snímka 13: Riegl RiScanPro - sw na spracovanie TLS - individuálne skúmanie ľubovoľných detailov – pomocou kombinácie výškového filtra Height Filter (napr. na odfiltrovanie   elektrického vedenia) a filtra objektov nad terénom Terrain Filter (napr. na sele
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