Victor Garcia, Tracasa

Workshop: Use of algorithms on big DEM’s
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Company Presentation - Tracasa

TRACASA is a public company, owned by the
Government of Navarre.

Founded in 1982: to create and establish the Cadastre (L T o—

=il T
of Navarre.
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M Share Capital: 20 M€ M Revenue: 25 M€
Annual R&D Budget: 0,7 M€ Employees: 374

Two Production Departments:
Software Engineering, Information Systems and Cadastre (ISSI)

- Cartography
Territorial Information Systems and Cartography (TIS) - Orthophoto
- LiDAR Data
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Navarre, just a step away from the world
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Need: Update LIDAR Coverage from Navarra
Between 2011-2012

- 1 point/m?

- ALS60
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SPL Navarra Project - Project’s Roleplayers
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Gobernua de Navarra

Need: Update LIDAR Coverage from Navarra
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PNOA GEOGRAFICO ” " -
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(Plan Nacional de Ortofotografia Aérea) i I g

Spanish Aerial Orthophotography National Plan
% t ra Ca S a Nafarroako Gobierno

Gobernua de Navarra



9O S wl Tl ‘v
e N
5‘4!.“‘!!!.bA“‘——

SPL Navarra Project - Project’s Roleplayers

il i
IGN @ﬁ'*w«:
X '\%\mﬁ |

PN

ain _
Nafarroako m Gobierno
Gobernua de Navarra

=
tra air epl. O
acasa | &y | MR @D,

Geosystems

W

% t racasa Nafarroako {§%1 Gobierno

Gobernua de Navarra



ANV L] NS
O e —r——
5‘3.-!!!.@“‘—_

SPL Navarra Project - Equipment AR 2D (COWI eica

SLLLL N Geosystems

Beechcraft

B200 King Air

Crew: 2 Pilots — 1 Airborne Sensor Operator
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SPL Navarra Project - Equipment AR 2D (COWI eica

Geosystems

Single Photon LIiDAR (SPL100)

CNUS5 IMU*

\ Air-
y cooled
laser

SPL100 Electronics

SPL100

CC33 Camera Controller*
Scanner

CH82 Camera

Wedged-disc

CH82 4-band
scanner /

SPL100 Control Laptop
80MP camera

100-beamlet laser
| output
100-element detector

Head ;
PAV100 Stabilized /
Platform* P
PD60 Pilot Display* “
0OC60 Operator Display*

array
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SPL Navarra Project - Equipment AR 2D (COWI Jeica

Geosystems

Single photon LIiDAR is capable of detecting single particles of light (photons)
Laser output is split into a 10 x10 array of laser beamlets.

Each output beamlet is collected and input to an independent detector
channel. This design allows SPL to operate like 100 LiDARs in parallel.

System records multiple returns per channel and per shot. Due to the fast
recovery time (1.6 nanosecs), multiple returns with small vertical separation LIDAR UNIT
are detected (24 cm). Beam configuration

Laser wavelength
24/7 operation of SPL is possible without being blinded by sunlight returns. azer eergmnes

Laser pulse width
Laser optical output

Scanner produces a conical scan pattern and a large circular pattern (~1 to 3 Eye safety
km diameter) on the ground. Pulse repetition
frequency

Return pulses

Currently working at 6.0 million points per second effective pulse rate.
Efficiency 6x linear sensor.
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10 x 10 array

532 nm

0.08 mrad (1/e? per beam, nominal)
400 psec

5 W average

NOHD <300 m

60 kHz (6.0 MHz effective puls rate)

Up to 10 returns per channel per laser shot
including intensity
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SPL Navarra Project - Equipment IR 2D COWI eica

Geosystems

i

The pressurized optical
window was removed
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Interference with the aircraft’s transponders
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SPL Navarra Project — Technical Specifications

Navarra’s Area 10.391 Km?
Point density: 10 points/m?
Overlap: 15%

Accuracy:

- XY: 20 cm
-Z:15cm

[] Ambite cel proyects
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SPL Navarra Project — Information provided

RED DE GEODESIA ACTIVA DE NAVARRA

Permanent GNSS Network Infrastructure :

- Made out of 13 ground stations
- Distance between stations < 25 km

- Set up frequency: 2Hz
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SPL Navarra Project — Information provided T

97 Ground Control Areas measured

- Between 9 and 16 Altimetric control points
- 1 Ground Control Point

GAMPOS DE CONTROL DEL VUELO LIDAR 2017

RTK Method - Accuracy: 5 cm (XYZ)

Controlador Leica CS-20 GNSS Leica GS-15

i tracasa i
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SPL Navarra Project — Flight Planning

AOI: 16.500 km? - Divided 5 Blocks — 223 Flight lines 5%21“
%5
Flight Plan East-West and North-South = =
72 hours Data capturing planned m _ ' _ i
)
Flight Altitude: Between 9.500 and 15.600 feet AGL === . MIT
2.850 and 4.680 m. AGL i
i‘_;:i‘_‘_l—‘_ I‘I- z EIW
Previous considerations: Lr'“"ﬁ
- Weather - Schedule — =
- Rough topography (Height difference 2.400 m) =
i tracasa i bl e
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SPL Navarra Project — Calibration Flight

Before: Calibration flight in Reus to
check the status of the equipment.

N\
L
N
\» v
Paamerer ————— fane
Roll [deg] -0.0486784
Pitch [deg] 0.000890149
Heading [deg] 2.39171
Wedge angle [deg] 2518
Wedge angle bias [deg] -0.00652035
Coefficients_FM -0.00017356 0.000167719 2 25243e-06 3 99377e-05
-1.49281e-05 4.114062-06 3.8529%-06 -2.05025¢-05
-6.185318-07 -1 399368-06
Calibration per flight session:
Pitch [deg] -0.00161923 .
Heading [deg] 2.4059 . .
Roll, Pitch, Heading, Wedge angle, Wedge
Wedge angle bias [deg] -0.00311319 ] ] ] ]
Coefficients_FM -0.000156089 0.000197742 7 612076-06 2 744238-07

e e angle bias, Coefficients Fourier (10)

Roll [geg] -0.0462453

Pitch [deg] 0.00148182

Heading [deg] 2.41637 - -
Calculated with the data captured in the
Wedge angle bias [deg] -0.00558905

Coefficients_FM -6.32627e-05 0.000160619 2.30935¢-05 3.12538e-05 3.8469¢-

2755-;);::3:722—06 -5.59602e-06 -1.01458e-06 -6.19554e-06 fI i g h t S e S S i O n .
Y a
Ztracasa Natarosko (55 Gobiene



9O S wl Tl ‘v
SO
5‘4!.“‘!!!.bA“‘——

SPL Navarra Project — Calibration Flight

068 P.36S P3G
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P61 P-638

Calibration Site:

138 P-139

2 Perpendicular flightlines — flown in
opposite directions
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SPL Navarra Project — Executed Flight Plan

SPL100 Executed

Flight Lines 482
Total Lenght 16.000 km
Height (feet) 12.800 — 20.600 MSL
Swath (Average) 2300 m
— Max. Lenght 110 Km
dﬁﬁﬁf ‘ Point Density 14 points/m?
=5 s Speed 200 Knots
ik i Cross Strips 10
=+ Sessions/Days 40 | 24
=—
= 8th September - 161" November 2017
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SPL Navarra Project — Executed Flight Plan

2011 - 2012 2017
Sensor ALS60 SPL100
Point Density 1 point/m? 14 points/m?
Flight Lines 841 482

Height (feet) ~ 7.000-14.500 MSL ~ 12.800 — 20.600 MSL ~ “g=

Swath 1200 m 2300 m = —

Max. Lenght 80 Km 110 Km

Speed 130 Knots 200 Knots
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SPL Navarra Project — Workflow

Planning Collection Processing
GNSS Inartial HxMap
DGPS base Explorer Calibration | Ingest RGEL colonr to
station data Trajectory _.| Calculate boresight .| Generate point oint cloud
OR PPP processing || parameters cloud P
r 4 .Uf Generate
2 images TerraScan
AEROPLAN SPL 100 2 Reception control
Mission 5Pl data ; o | ! * Automatic point
Planning | '] GNSS data ; i QC classification
IMU data ' | = Calibration values Match lines | |+ Editing
Image raw ' | = Hardware issues Strip adjustment | |
data ' | = Point density i §
' |+ Coverage Phase correction / | TerraScan
' |_+_Clouds Line registration Gate control
e = Deliverables

% tracasa Natarroako [§#] Gobierno

Gobernua de Navarra
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SPL Navarra Project — Deliverables

Ix1 Km LAS 1.4 (-20 Th)-LAZ 1.4 (~6 Th)

- Automatic Classified
- Colorized point cloud RGBIr

ETRS89 UTM3ON - Ellipsoidal Height

- Raw Data per Strip Adjusted
- RCD30 Images — RGBNIr
- Rapid Orthoimage - RGBNIr

=4 cr_iD H
i tracasa s ) SN






Intensity
Gobierno
de Navarra

Nafarroako
Gobernua

N\

i tracasa

@
@
(A
©
(D]
nd
|
=
o)
Am
al
©
=
>
©
zZ
|
al
V)

A L

vt

\
pe
L\



D
Nafarroako j57] Gobierno
Gobernua "% de Navarra




= tracasa

Nafarroako
Gobernua

B

N

YN

N

Gobierno
de Navarra



qip

-tracasa "Gobernua 145) de Navarra




S0

an

~tracasa "Gaberia (5 de Navara




[q(

tracasa "Gobernua 145) de Navarra




O ——

SPL Navarra Project

Gaps — New Flight lines

Manual range gate control in-flight
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Intensity: 5 - 20 Intensity: 5500 - 6700
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SPL Navarra Project — Point Density

Point Density

Bo-1
J]1-8
8- 10
B 10-14
M 14-20
N 20 - 208
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Vegetation penetration
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Vegetation penetration
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Vegetation penetration: SPL100 — ALS60 . ALS60 Data
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SPL Navarra Project

Vegetation penetration
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Vegetation penetration: SPL100 — ALS60

. ALS60 Data

D .
W Gobierno

i tracasa Naterosn |

% de Navarra



AN L NS
SO L

SPL Navarra Project — Water bodies

Able to capture surface and penetrate.
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Able to capture surface and penetrate.
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Able to capture surface and penetrate.
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Able to capture surface and penetrate.
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Able to capture surface and penetrate.
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SPL Navarra Project
Next step: Improve Classification using the RGB — NIr info from RCD30

Applications:

- DSM - DTM — Update Relief information

- Update Cartography: Automated feature extraction
- Forestry

- Flooding — Hidrology

- Multi-temporal Analysis (2011/12 — 2017)
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SPL Navarra Project — Real Data

ftp.cartografia.navarra.es

5_1_2011_NAV_CENTRO_ 5.2 2012_NAV_MORTE sc
sc_EP5G25830 _EPSG25830

5.3_2012_NAV_SUR_sc_E 5.4 2017 ZONAS_DE_M
PSG25230 UESTRA

N Bt . Malla_Lidar_zona_Centro
~IEEME _2011_EPSG25830.dbf

. Malla_Lidar_zona_Centro . Malla_Lidar_zona_Centro
_2011_EP5G25830.dgn _2011_EP5G25830.dwyg

Sample Data:

fip.cartografia.navarra.es/5 LIDAR/5 4 2017 ZONAS DE MUESTRA/

Software: Transform Heights, filter points by class, change LAS/LAZ version
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ftp://ftp.cartografia.navarra.es/5_LIDAR/5_4_2017_ZONAS_DE_MUESTRA/
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SPL Navarra Project — Final remarks and considerations

Water bodies: Penetration — Hydrological studies

- Vegetation: Irregular penetration — Medium vegetation
- Roughness surface

- Vast amount of information

- lrregular: Point density and data distribution

- The “noise” is almost the half of the total data.

- Challenge — Doubts

Initial problems with the set up of the system

Flightplan — Manual range gate control — Solved with new firmware/software version

- Free distribution of the whole dataset

- Now start the project
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