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tendo que fazer o
Inventario
Florestal Nacional
Brasileiro

“fdllyana

Colombia @ Pais / Country
O Biomas / Biomass
O Estados / States

O Mesorregido / Mesoregion

O Bacias Hidrograficas / River Basins

Conglomerados / Clusters

Terra Indigena / Indigenous land

La Paz
®

Bolivia
e Situacao em 2020
Cruz de
la Slerra
Paraguay §
ASURCT, + Em andamento / In progress
% Concluido / Measured
Planejado / Planned
Urugua)

Fonte: https://sistemas.florestal.gov.br/mapas/geifn/
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de medicao
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EGYPTIAN GEOMETRY

» Geometry was developed in Eqypt.

* They used it for architecture.
e 3000bcto 300bc

BABYLONIAN GEOMETRY

. The Babylonians may have known the general rules for measuring areas and volumes.
*  The Babylonians are also known for the Babylonian‘mile.
. Which was a measure of distance equal to about seven miles today.

¢ 1#2000bc to 500bc

PYTHAGORAS

May have been a student of Thales
Him and his students discovered
what most students learn today.
582bc to 496bc

EUCLID

* Probably a student of one of Plato’s students.

*» He wrote a treatise in 13 books, titled The Elements of Geometry.
»  Which came.to be known as Euclidean geometry.

» 325bc to 265bc







Inovacao

As novas tecnologias 3D para inventario e
monitoramento florestal podem:

gerar estimativas mais precisas
aumentar a seguranga no campo

forLiDAR

.

GET-LiDAR

Grupo de Estudos em Tecnologias LiDAR




Tecnologias promissoras




O que é LiDAR?

Tecnologia que possibilita o T
calculo de distancias (Tempo de viagem) * (velocidade da luz) = Distancia

baseado na cronometragem do 2

tempo de viagem dos fotons de
luz emitidos por um laser




O que é laser?
diation

red emission of ra




O emissor laser pode estar em um aviao
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O emissor laser pode estar no chao

www.faro.com www.rigel.com

extremely compact, lightweight (1.55 kg / 3.4 Ibs), and robust
360° field-of-view, up to 100,000 meas./sec

stable aluminium housing, ready to
e mounted to fixed-wing, rotary-wing,
and multi-rotor UAVs

RIEGLs unigue echo signal digitization
and online waveform processing

>> mulfiple target capability —
up to 5 target echoes per laser shot

>> mechanical and electrical interface for IMU mounting

www.riegl.com/products/unmanned-scanning/riegl-minivux-1uav




O emissor laser pode estar no espaco

https://nsidc.org/data/icesat/icesat_spots_santa_rosa.html
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Inventario Florestal com LIDAR TLS

Terrestrial laser scanning

TLS: menor cobertura com maior resolucao
modelagem 3D, reconstrucao de elementos da paisagem
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Inventario Florestal com LiDAR TLS




Inventario Florestal com LiDAR ALS

T i Airborne laser scanning
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Inventario Florestal com LiDAR ALS

Checar Reparar - :
e Classificar ruido
especificagoes Nuvem -> LAZ

; Criar nuvem .
Criar Inferir e
para cada

quadriculas limpas hao produzir mapas




Inventario Florestal com LiDAR ALS

Checagem de
especificagdes Providing fast,
efficient, and flexible

access to LIDAR, IFSAR
and terrain datasets

Robert |. McGaughey
Pacific Northwest Research Station

LAStools

Outros sistemas uteis:

LIS Desktop
SAGA GIS
MCC-LiDAR



https://rapidlasso.com/lastools/
https://rapidlasso.com/lastools/
http://forsys.cfr.washington.edu/fusion/fusionlatest.html
http://forsys.cfr.washington.edu/fusion/fusionlatest.html
https://www.laserdata.at/software.html#LIS
http://www.saga-gis.org/en/index.html
https://sourceforge.net/p/mcclidar/wiki/Home/

Inventario Florestal com LiDAR ALS

Checagem de
especificagoes

reporting all LAS header entries:
system identifier:
generating software:
file creation day/year:

"LAStools
"lasmerge

(c) by rapidlasso GmbH'
(version 161114)"

header size: 227 \
offset to point data: 227 66
number of point records: 441270594 \
covered area in square units/kilounits: 3991672/3.99
12 point density: all returns 110.55 last only 99.68
13 spacing: all returns 0.10 last only 0.10 (in units)

14 overview over number of returns of given pulse:
15 histogram of classification of points:

16 121911915 never classified (0)
17 14668361 ground (2)

18 304305141 high vegetation (5)
19 366835 building (6)

20 18342 noise (7)
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Inventario Florestal com LiDAR ALS




Inventario Florestal com LiDAR ALS

Requadricular

lasboundary - computes the eact boundary palygon for massive amounts of LIDAR points
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Inventario Florestal com LiDAR ALS

PHOTOGRAMMETRY
& REMOTE SENSING

Definir solo e

medir alturas

s

2 ° e o0 ELSEVIE ISPRS Journal of Photogrammetry & Remote Sensing 53 (1998) 193-203

A

Elevation

| S Y S S R B R B A |
[

" Determination of terrain models in wooded areas with airborne laser
scanner data

o°

K. Kraus *, N. Pfeifer

Institute of Photogrammetry and Remote Sensing, Vienna University of lechnology, Gusshausstr. 27-29, 1040 Vienna, Austria

Dis;
an
“Catx g, directio?

Distanc®
International Archives of Photogrammetry and Remote Sensing. Vol. XXXIII, Part B4. Amsterdam 2000.

DEM GENERATION FROM LASER SCANNER DATA
USING ADAPTIVE TIN MODELS

Peter Axelsson
Digpro AB

Ynglingagatan 14
113 47 Stockholm, Sweden m ‘ | il[ "in



Inventario Florestal com LiDAR ALS

Definir solo e The most widely used Lidar
processing software
TerraScan* was designed
based on the Axelsson’s

Kraus and Pfeifer (FUSION (1 TIN-model ... and the
ﬂ SENSOrs ( ) m\D\P/I) reliability and accuracy of
_ this method has been
Review proved by a large body of
State-of-the-Art: DTM Ggneration Using Airborne studies.

LIDAR Data

medir alturas

Sensors 2017, 17, 150; doi:10.3390,/s17010150 www.mdpi.com/journal /sensors

* também usado no LAStools

o . . Memory Storage Computational
Ziyue Chen 1,,5’ Bingbo Gao 2 and Bernard I \ Filtering Methods Suitable for / MNot Suitable for Demands Efficiency 2
1
College of Global Change and Earth System § \ Surface-based Forested areas Rough and steep terrains High Middle ‘
Beijing 100875, China
2 ati Morphology- Steepterrains 1, Terrai it}
Beijing Res?arch Cen‘t‘e‘zr for Informit%on Tech OTpRotogy ceprerrams errams Wi Terrains with various objects Low High
Forestry Sciences, Beijing 100097, China; gaol based small objects
3 Department of Geography, University of Canj — B i
*  Correspondence: zvchen@bnu.edu.cn; Tel.: + TIN-based Steep terrains UL g, B TS Middle Middle
terrains
Segmentation- Urban areas, Terrains with Rough and steep terrains, NA 3 NA 4
based various objects Dense forests
Statistical analysis Generally flat terrains Terrains with various objects Low Low
Multi-scal
Hitscate Urban areas Rough and steep terrains Middle Low

comparison




Inventario Florestal com LiDAR ALS

Classificar
vegetacao e
prédios




Inventario Florestal com LiDAR ALS

Classificar ruido




Inventario Florestal com LiDAR ALS




Inventario Florestal com LiDAR ALS

Criar nuvem para
(= LEREILWET




Inventario Florestal com LiDAR ALS

Produzir mapas
DTM e DSM




Inventario Florestal com LiDAR ALS

Normalizar
quadriculas




Inventario Florestal com LiDAR ALS

Calcular métricas
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Inventario Florestal com LiDAR ALS

Métricas de altura e cobertura de copa
derivadas do LiDAR. Calcular métricas
Category LiDAR metric Acronym

Maximum Height 3 .
Mean height | -
Standard deviation of mean height h,,
Coefficient of variation of height h,
Mode of height ;
5th percentile of height H5
10th percentile of height h10
20th percentile of height h20
25th percentile of height h25
Height 30th percentile of height h30
40th percentile of height h40
50th percentile of height h50
60th percentile of height h60
70th percentile of height h70
75th percentile of height h75
80th percentile of height h80
90th percentile of height h90
95th percentile of height h95

99th percentile of height h99
Percentage of first returns above 2 m C

d



Inventario Florestal com LiDAR ALS

-“ ‘ Inferir e produzir mapas

Stand-ova e g
inventory wall-to-wall metrics.
Summarize per cell
:::;:::::_to stand-level Joanne C. White; Michael A. Wulder;
Andrés Varhola; Mikko Vastaranta;
Nicholas C. Coops; Bruce D. Cook;
20," 20 m 75 m3/ha Doug Pitt and Murray Woods.
Srid Colls (190 m¥ha | A best practices guide for
‘”a"'t° i \\\ generating forest inventory
— - / 1f0|m?h|a N attributes from airborne laser
b - / scanning data using an area-
ALS B based approach (Version 2.0)
Point | \ Natural Resources, Canadian
Cloud %”5*% S ”" Generate © ) Forest Service, Canadian Wood
P :";fﬁc ” — [ V=312 +1.23p90 - 4.4p20 Fibre Centre. Information
mﬂmﬁ: ® Predictive Modelling Report FI-X-010, 2013.

Ground O O /
Plots Co-located ground ' ,

plot measurements
O and point cloud
metrics




Inferir e produzir mapas
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Inventario Florestal com LiDAR ALS

-‘,‘ “ Inferir e produzir mapas
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Inventario Florestal com LiDAR ALS

D i
y = Bo+pf1 P90 + ¢




Inventario Florestal com LiDAR TLS (scanners de baixo custo)

Sistemas auxiliares:

O
Gomptﬁ{ee

las2rings
pcd2las

’ '0 ,[


http://computree.onf.fr/?lang=en
http://computree.onf.fr/?lang=en

Inventario Florestal com LuDAR TLS (scanners de balxo custo)
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Inventario Florestal com LiDAR TLS (scanners de baixo custo)

Uso de diferentes plataformas




oublicos prestes a serem obtidos de plataformas espaciais

GEDI BIOMASS

GEDFs canopy and surface 30 measurements address ey Langamento Dezembro de 2018 (spaceX Dragon capsule) Meados de 2020 (langadores Vega, Antares ou PSLV)

challenges in a variety of scientific arcas.

Orbita ~420 km, inclinagdo 51.6°, periodo ~92 minutes ~660 km, sun-synchronous

Duragdo da missao Dois anos Cinco anos

Plataforma A bordo da International Space Station Estabilizada com dimensoes (z, x, y) = (10, 12, 20) m

Instrumentos Trés lasers () 10 trilhas de escaneamento Radar de abertura sintética banda P (435MHz) polarimétrico

Controle da missao NASA Goddard Spaceflight Center (GSFC) Centro de Operagbes da Agéncia Espacial Europeia (ESOC)
Coordenado por Ralph Dubayah, da University of Sob a gestdo do diretor do Programa de Observacdo da Terra
Maryland, congrega também pesquisadores de diversas da Agéncia Espacial Europeia (ESA), Volker Liebig, a iniciativa
outras instituicbes, incluindo Woods Hole Research € coordenada pelo Centro de Pesquisas e Tecnologias

Center, US Forest Service, Brown University, Agéncia Espaciais (ESTEC) da ESA, com sede em Noordwijk Holanda.
Espacial Alema (DLR), Agéncia Espacial Européia (ESA), O projeto envolve cientistas de diferentes paises da Unido
Servigo Florestal Canadense, US Geological Survey, Europeia, e o processamento de dados acontecera no Centro
NASA Jet Propulsion Laboratory, UMass Boston, World  de Observagbes da Terra da ESA (ESRIN), em Frascati Itdlia.
Wildlife Fund e Conservation International.

Colaboradores

Forest height and vertical structure; habitat quality & biodiversity;
Forest carbon sinks & saurce areas; loss of carbon from extreme events Management &
such as fires and hurricanes; parameterization of ecosystem madels Carbon Cycling

Canopy 3D structure that influences snowmel, evapotranspiration,
canopy interception of precipitation. Glader surface elevation change;

lake & river stage; snowpack elevation; coastal tides,

Water
Resources
Weather
Prediction

LT
Surface

Improved cnopy aerodynamic profiles to parameterize weather
prediction models. Canopy and biomass produds that initialize and

Princi pais caracteristicas constrain dimate models; impads of land use change on climate

‘Ammu bare earth and under canopy topographic elevations for

improved digital elevation models from radar. Calibration of satellite
‘based observations of surface deformation and earthquakes

Deformation

Measures biomass and carbon stored in tropical forests using
a satellite in low Earth orbit equipped with a novel P-band-
frequency sensor that features a 12-meter-diameter
deployable antenna

GEDI's canopy and surface 3D measurements address key
challenges in a variety of scientific areas.

http://science.nasa.gov/missions/gedi/

Paginas web https://directory.eoportal.org/web/eoportal/satellite-
missions/content/-/article/iss-gedi

http://www.esa.int/Our_Activities/Observing_the_Earth/
Ready_to_build_the_Biomass_forest_mission/
http://esamultimedia.esa.int/docs/EarthObservation/SP1324-
1_BIOMASSr.pdf




GEDI - padrao de varredura
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10 ground tracks
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