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Lecture 1.1
Optical Sensing - Introduction

ENV408: Optical Sensing & Modeling for Earth Observations
Jan Skaloud, Devis Tuia
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= Optical sensors — what do we use them for?
« Examples & focus



=L Acquisition - optical sensors on different platforms

LIDAR

camera
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Close-to-ground aerial

Macro Terrestrial (with UAV) Helicopter Plane Satellite
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Examples - main mapping products

1. Point cloud 2. Digital Elevation Model - DEM
= from camera (hard surface) = surface model (DSM)
= from lidar (hard surface + vegetation) = terrain model (DTM, no vegetation or buildings)

Lidar point-cloud cross-section



=Pl Examples - main mapping products

3. Ortho-photo 4. 3D models
(orthographically rectified image) stitched image with
an orthogonal projections on a planar surface

Online example: swisstopo each pixel has its Online example:
associated coordinates in a mapping frame



https://map.geo.admin.ch/?lang=en&topic=ech&bgLayer=ch.swisstopo.swissimage&layers=ch.swisstopo.zeitreihen,ch.bfs.gebaeude_wohnungs_register,ch.bav.haltestellen-oev,ch.swisstopo.swisstlm3d-wanderwege,ch.astra.wanderland-sperrungen_umleitungen&layers_opacity=1,1,1,0.8,0.8&layers_visibility=false,false,false,false,false&layers_timestamp=18641231,,,,&E=2647559.96&N=1222599.34&zoom=1
https://sm4eo.uzuverse.com/

=PrL Examples - derived mapping products
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=PrL - Examples - derived mapping products (2)

Tree species classification

Usually via a combination of passive (e.g.
camera) and active (e.g. lidar) sensors
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= * Background for direct orientation : ENV 710 — Sensor Orientation

Sensors

passive

sensor

radiometer

magnetometer
gravimeter

camera

FH

panchromatic
natural color

e/

infra-red
hyperspectral

image plane

non-imaging
non-scanning
imaging
scanning imaging
non-scanning non-imaging

TV-camera

solid scanner

object plane

u-wave radiometer

opto-scanner

active

non-imaging
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u-wave radiometer
laser profiler

laser scanner

scanning
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phase LiDAR
pulse LiDAR

image-plane

imaging

phased array radar

object-plane

aperture radar
SAR
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= What are the main processing steps before information extraction?
» Passive sensors (camera)



=PrL 10

_ _ Image (Trajectory e.g.
Flight planning L navigation Images
acquisition sensors)

Feature Feature Orientation (é:’rOdS lle'J_I'ELOCne
detection matching optimization or:t%o-photo)’

Lecture 1to 5
(Course part 2-3 on information extraction)

Lectures Exercises
* |mage primes (L1) * |mage ‘corrections’ (Ex1)
» Salient features (L2) = Detection & matching (Ex2)
» Image orientation (L3) = Approx. absolute orientation (Ex3)
= Optimization (calibration) (L4) = Approx. relative orientation (Ex4)

= Mapping products (L5) = Calibration, DEM, ortho-photo (Ex5)



2PFL  The 3 enabling technologies /disciplines

= General image matching (color-color, lidar-lidar, color-lidar)
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‘ Control feature

» Navigation sensors (GNSS/ inertial) — orientation/pose estimation (e.g. ENV548 Sensor
orientation)

+ surveying of control features (e.g. ENV140 Eléments de géeomatique)

* Modeling and estimation (e.g. ENG267 Méthodes d’estimation)



=PFL  Vocabulary
computer vision (course) vs. photogrammetry (polycopié)

Multi-view geometry (MVG)
A

4 \

Structure from motion (SfM)
A A

: . [ . .. )
detection matching filtering optimization a surface color

3 © pix4d.com

Joint least square estimation: Dense matching:

E.g. of camera parameters, 3D Up to pixel-to-pixel matches
object coordinates (one 3d point per image pixel)

13



=rrL  \Vocabulary
computer vision (course) vs. photogrammetry

= Inputs:
frames / images / views
o ° o o °
° 0 © o °, o features / attributes / (points)
o o matched-(x), tie-(x), homologous-(x)
e ° with (x) : points, features

= Camera calibration

« CV -sensorin 3D space and its parameters of correction (e.g. lens)
+ Photogrammetry - sensors’ parameters of interior orientation (10)

= Camera orientation
* CV - pose (position and attitude)
* Photogrammetry - relative or absolute exterior orientation (EQO)



