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Motivation

What are your experiences with Remote Sensing and what
comes to your mind about this topic?

Goto
www.menti.com or

Enter: 3605453



http://www.menti.com/

Join at menticom | use code 3605453

What are your experiences with remote

sensing?

| am an expert on the topic of remote sensing

| work a lot with remote sensing data in my current research

| already aquired remote sensing data on my own

Strongly disagree

Strongly agree




Join at menticom |use code 3605453

What comes to your mind hear the term

"remote sensing” ?
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NEWS

Exclusive: Laser Scans Reveal Maya
"Megalopolis" Below Guatemalan

Jungle

A vast, interconnected network of ancient cities was home to millions

more people than previously thought.

BY TOM CLYNES

Source: Tom Clynes, National Geographic (2018)

(accessedon 09.08.2022)


https://www.nationalgeographic.com/history/article/maya-laser-lidar-guatemala-pacunam

Source: Henry B. Glick, Thomas Crowther, the Kevin McLean, The Conversation (2015)

Based on Crowther, T.W., Glick, H.B., Covey, K.R., Bettigole, C., Maynard, D.S., Thomas, S.M., Smith, J.R., Hintler, G., Pungatial/iM3C.Tuanmu, MN., Jetz, W., Salas, C., Stam, C., Piotto, D., Tavani, R., Green, S., Bruce, G., Williams, SKl,, Mviiser, 8.0., Hengeveld, G.M., Nabuurs].G.
Tikhonova, E., Borchardt, P., LEFG.Powrie, L.W., Fischer, M., Hemp, A., Homeier, J., Cho, P., Vibrans, A.C., UmurRigoP3.,, Rowe, C.W., Ashton, M.S., Crane, P.R., Bradford, M.A., 2015. Mapping tree density at a global scale. NARREH25,


https://theconversation.com/how-we-found-out-there-are-three-trillion-trees-on-earth-47071
https://doi.org/10.1038/nature14967

World's Tallest Tropical Trees
Discovered

Laser scanning in Borneo has revealed 50 trees that break previous
records. The giants are about as tall as five sperm whales stacked end to

Source: Kevin McLean, National Geographic (2018)

(accessedon 09.08.2022)


https://www.nationalgeographic.com/science/article/tallest-tropical-trees-malaysia-borneo-laser-study

Forest fragmentation impacts the seasonality of
Amazonian evergreen canopies
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Colours depict plants within distinct vertical strata. The high-speed terrestrial laser scanning (TLS) data acquisition of 500,000 measurements per second
provides detailed measurements capable of detecting fine-scale changes in vegetation structure. We used a scan resolution of 40 mdeg in both azimuth and
zenith directions, which results in a point spacing of 1.4 cm at a 20 m distance from the scanner. The laser pulse repetition rate used was 600 kHz, allowing a

measurement range of up to 350 m and up to eight returns per pulse.

Nunes, M.H., Camargo, J.L.C., Vincent, G., Calders, K., Oliveira, R.S., Huete, A., Mendes de Moura, Y., Nelson, B., Smith,
M.N., Stark, S.C., Maeda, E.E., 2022. Forest fragmentation impacts the seasonality of Amazonian evergreen canopies. Nat
Commun 13, 917. https://doi.org/10.1038/s41467 -022-28490-7



What to expect

Basic principles of

ARemote sensing systems (platforms +
Sensors)

ARemote sensing data



Basic principles of
Remote Sensing Systems



Definition Remote Sensing

Remote Sensing(DIN 1876/3, translated ):

Remote sensing is the totality of
procedures for obtaining information
about the earth's surface by
measuring and interpreting the
(energy) fields emanating from fit.
The electromagnetic radiation
reflected or emitted by the earth
serves as the information carrier.



Remote SensingSystems

Remote sensing
system
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Remote Sensing Systems

4 N

ISS: GEDIo Global Ecosystem
Dynamics Investigation

Satellite : Landsat Series,
Sentinel Series, MODIS, ICESat
2, TanDEMX, Pleiades,
Worl dVi ew, Pllanet é

o /




International Space Station

[1] The ISS andthe Japanese
experiment module, where GEDI,
highlighted in gold, is installed

[2l GEDI 6s 80 cm t el
which received light is collected

escope

Source: GEDIEcosystem Lidar (2022),
https ://gedi.umd.edu/instrument/instrument __-overview/ (accessedon 08.08.2022)



https://gedi.umd.edu/instrument/instrument-overview/

[1]

Satellites

[1] Sentinel -2 provides systematic global acquisitions of high -
resolution multispectral imagery for Europe's Global Monitoring for
Environment and Security (GMES) programme. (3.4 x 1.8 x 2.35m/

1.02 1)

[2] Planet, Inc., cofounders with a full -scale Dove satellite

Source: [1] © ESASP. Carril, [2] Shankar N. Ramaseri Chandra, Jon Christopherson, Kimberly A. Casey (2020). 2020 Joint Agency
Commercial Imagery Evaluationfi Remote sensing satellite compendium. Image from Deanne Fitzmaurice.



Remote Sensing Systems

Spaceborne

4 N

|ISS: GEDIAd Global Ecosystem

Dynamics Investigation: NASA

mission, Lidar sensor attached
to ISS

Satellite ;: ICESat ICESat2
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Plane, Helicopter : widely
used for regional/national
surveys

Helicopter , UAV: used for
medium to small scale
applications
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Airborne

[1] Surveying camera in a
survey plane (1971)

[2] Airborne laserscanner
on a helicopter

[3] Trajectory of a survey
plane
Shr;r%rf_—//\u
S : [1] Michael32710 (2017, ), [2] Peter Haas (2010 ) « . .
[3(])l:;$1ePetchelf1ika((32023), - comblos (accessed on 09.08.2024) lntereStlng ﬂlght traCklng patterns on

Flightradar24


https://creativecommons.org/licenses/by-sa/4.0/deed.en
https://creativecommons.org/licenses/by-sa/3.0/deed.en
https://www.flightradar24.com/blog/interesting-patterns-on-flightradar24/

UAVs

[1] RICOPTER
[2] DJI Phantom 1

[3] Under canopy UAV
laser scanning

Source [1] & [2] Anna Iglseder (2022, 2020 )
[3]: Hyyppa, E., Hyyppa, J., Hakala, T., Kukko, A., Wulder, M.A., White, J.C., Pyorala, J., Yu, X., Wang, Y., Virtanen, J. -
P., Pohjavirta, O., Liang, X., Holopainen, M., Kaartinen, H., 2020. Under -canopy UAV laser scanning for accurate forest
field measurements. ISPRS Journal of Photogrammetry and Remote Sensing 164, 4#60.
https://doi.org/10.1016/j.isprsjprs.2020.03.021



Remote Sensing Systems

Spaceborne

4 N

|ISS: GEDIAd Global Ecosystem

Dynamics Investigation: NASA

mission, Lidar sensor attached
to ISS

Satellite ;: ICESat ICESat2

\_ /

Airborne

4 R

Airborne Laserscanning(ALS):

Plane, Helicopter : widely
used for regional/national
surveys

Helicopter , UAV: used for
medium to small scale
applications

/

Terrestrial

4 N

Small to medium scale :
Ground or water -based
vehicles (cars,

Close range: hand-held,
tripod, backpack

. /
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Cars

[1] Self-Made rooftop mounting of
TLS

[2] Mobile Mapping by STRABAG
[3] Google Car

Source [1] Lucas Dammert (2024), [2] Strabag (2019), photo by Thomas L. Fischer, [3] Rufus46 2014, CC BYSA3.0)



https://creativecommons.org/licenses/by-sa/3.0/deed.en

Other ground -based vehicles

[1] Boston Dynamics SPOT
with a Velodyne PUCK

[2] MATTROAII-Terrain
Vehicle fully integrated with
RIEGL VZ400i TLS

Source [1] Anna Iglseder (2022), [2] Riegl (2022)



[

Tree-Quest )

Step 3: Match the line with the right edge of the trunk!

/

Handheld / Backpack

[1] Screenshot of a smartphone app for measuring
trees
[2] Riegl VZ600i mounted on a backpack
[3] Geoslam handheld Laser Scanner

Source Anna lglseder (2022, 2024)




On and in the water

[1] Surveying Boat of
ViaDonau

[2] Remotely operated
diving robot with
cameral

[3] Swimming drone with
SONAR

Source [1] & [3]: Anna Iglseder (2022), [2] Gottfried Mandlburger (2024 ))



Stationary

[1] View of a public Webcam for snowline
monitoring

[2] Terrestrial Laser Scanner (stationary mode)
[3] Permanent laser scanning setup

[4] Designated photo location for citizen science
monitoring of coastal erosion

Source [1] Portenier , C., Hasler, M., Wunderle, S., 2022. Estimating Regional Snow Line
Elevation Using Public Webcam Images. Remote Sensing 14, 4730.

[2] Anna Iglseder (2023)

[3] Di Biase, V., Hanssen, R.F., Vos, S.E., 2021. Sensitivity of Near-Infrared Permanent
Laser Scanning Intensity for Retrieving Soil Moisture on a Coastal Beach: Calibration
Procedure Using In Situ Data. Remote Sensing 13, 1645.
https://doi.org/10.3390/rs13091645

[4] Ein Dahmer ((2022, )



https://doi.org/10.3390/rs14194730
https://creativecommons.org/licenses/by-sa/4.0/deed.en
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Active vs. passive systems

Active

()

adar, Sonar
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Cameras thermal
sensors

N
A

Do not emit
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reflection of other
radiation (mostly
sunlight) is

registered




Lidar

Lidar (Light detection and ranging) is a method to measure

A3D coordinates of surface points
Ausing a systematic pattern
Awithin a specific field of view

Awith a high measuring rate

using a laser beam.



Laser

Light amplified by stimulated emission of radiation

A Characteristic wavelength
between 0.1 um and 1.0 mm

A Plane harmonic wave: constant
Intensity, phase angle, direction
of propagation, wavelength and
direction of polarization
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\N\j (@  Natural light
TATAVATATAY
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:

A Emitted in random directions
A Variable wavelength
A Variable amplitude

A No phase correspondence
(b)  LASERIight

A Emitted in single direction

A Constant wavelength

A Constant amplitude
A Total phase correspondence

(after Heritage and Large 2009)



Electromagnetic

spectrum
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Properties of a laser beam

\/\/

Pulse length
[ns, cm]

m}

Beam
divergence
[mrad]

Footprint size
[cm, m]

Somenumbers

Wavelength:
500 nm 82500 nm

Pulselength:
0.5nsd310 nm
(30cm o3 m)

Beam divergence:
0.2 mrad 61 mrad



3D Coordinates

a
A

Phi and theta are known
by the instrument, how

to measure the distance
r?




Time-of-flight measurement
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Time-of-flight measurement - Exercise
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Scanningmechanisms

For a dense 3D surface
acquisition, a mechanism
IS required to move the
laser beam over the

0 b | e sutfates

How?



Scanning mechanisms

Movement of the instrument:

A Rotation of the instrument (TLS)

A (Linear) movement of the
platform (MLS, ALS)

Deflection of the beam:

A Various prisms and mirrors A O
i

Pfeifer et al. (2016)
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Surface reflection

specular

Surface roughnessis smaller
than wavelength of the
radiation (e.g. water, glass

diffuse

Surface roughnessis greater
than wavelength of the
radiation

mixed

Combination of specular and
diffuse reflection dmost
natural environments.



3D Coordinates

Cartesian T T Spheric
coordinates X x(h# ) coordinates
roo
Viss
6 .
i G ~ 5 FELATO OEOBT AT-0\ /6
X (6) <A'I'—©&'I'-O Al-DBI1 OE—§<6>
O OFl ATeO T o)
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Additional attributes

o multiple echoes

Multiple echoes of one
single beam can be
recorded, Iif the first hit
object iIs smaller than the
beam diameter and the
surfaces are further apart
than the pulse length .

Additional info: echo
number and number of
echoes per pulse

Time (1) Y
After Hanzl et al. (2014)

Power line

(first return)

Tree crown

(last return)



Additional attributes dintensity and full waveform

. Laser Intensity (i)
- Intensity [dB] of the pu|se+ >
returned echo: additional
information about surface @~ T —----- P rstreturm)
properties
D o R R Tree crown
- Instead of single returns, the
full return can be digitized
(full waveform analysis)
A N R T Bush
<\ Al T _ _ _ __ Ground_

(last return)
Time (t) Y
Hanzl et al. (2014)
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Active vs. passive systems

N
@ Passive @ // \\

Lidar, Radar, Sonar
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How do we see colors?

WV%VV%€§\N Photoreceptor
IR @ cells n the
§ g% retina



Electromagnetic spectrum

athmospheric

f [HZ] description window | 2[m] 2 [pm]
103 audio frequency ) 3.0

very low frequency g{

longwave ) 108
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1012

infrared

visible light
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10t8 gamma radiation a (~ 0.4 60.7 um)
B
o 2
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How do cameras see colors?

Light sensitive
pixels

Nl
7

®

Area sensor

. 4

~
%
QT —_- %



RGB Images

athmospheric

f[Hz] description window | 2[m] 2 [um] RGB Camera
103 audio frequency ) 3.0

very low frequency 4

longwave ) 108
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high frequency D

very high frequency ) 10°
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. s 3

super high frequency 2 5
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. visible light
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% q S Red (6358700 nm)
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o
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RGB Images

47



Multispectral sensors

athmospheric

f [Hz] description window | 2[m] 2 [pm] Sentinel 2
10° audio frequency 3 3.0
very low frequency e
longwave ) 108
. > s
106 medium frequency 9
high frequency D N
very high frequency ) 10° B12 (2 190N 90 nm)
10° ultra high frequency
. s 3
super high frequency } 2 5
extremely high frequency & ¢ 103 B11 (1 610K45 nm)
102 -
B10 (1 375N13 nm
infrared B9 (5545N 10 nm) )
. : nm
1015 visible light / B8a (865N 10 nm)
ultraviolet / B8 (842N 58 nm)
v 5 B (783 N10 nm)
X-rays and = \ gg ggg Eg nmg
18 it = nm
10 gamma radiation | @ \ B4 (665 'S‘ 15 nm)
4 B3 (560N 18 nm)
_ o ) B2 (490N 33 nm)
1021 cosmic radiation ] s B1 (443N 10 nm)
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Multispectral sensors

é

49



Hyperspectral sensors

athmospheric

f[Hz] description window | 2[m] 2 [um] Hyperspectral imaging
103 audio frequency ) - 30 T
very low frequency g,_ T
longwave ) T 108
106 medium frequency [ § T
high frequency D T
very high frequency ) T 10°
10° ultra high frequency T
. s 3
super high frequency } 2 5 T
extremely high frequency & ¢ - 103
1012 T Several hundreds of
: T bands
infrared
. visible light
10 ultraviolet
N g-
X-rays and N
10'8 gamma radiation 3 Number of
> = .
= bands defines
1021 cosmic radiation | g i the spectral

resolution
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Spatial resolution

Spatial resolution is expressedin
units of distance, such as meters or
cm and referres to the edge length of
a pixel in an raster file in real world.

Higher spatial resolution (smaller
pixel size) means greater detalil.

51



Basic principles of
Remote Sensing Data



Remote SensingData

Remote sensing
data

Raster Vector

Images of various .
spectral channels,
Backscatter

Primary

Data trajectories

LIDAR Point clouds,

\ 4 \ 4

_ Orthophotos, Digital

Derived Elevation Models,
Data Vegetation indices

( NDVI )

derived point

Point Clouds from
iImage matching,

coordinat e

QS M

é
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Raster -> Raster

VOX(V)

0 0YYQQ

0 OY 'YX

Challenges:

Combining data with
different spatial
resolution, different
projections and grids
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Remote SensingData

Remote sensing
data

Raster Vector

Images of various
spectral channels,
Backscatter

Primary
Data

LIDAR Point clouds,
trajectories

\ 4

Orthophotos, Digital
Elevation Models,
Vegetation indices

( NDVI ) &

A

Point Clouds from
image matching,
derived point

Ncoordinat#s

y

Derived
Data
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Vector -> Vector

Source Pasi Raumonen 020)
https:// _github.com/InverseTampere/TreeQSM?tab=License-1-ov-file

(accessed on 22.08.2024)

Challenges:

Process
automation,
data
completeness
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