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Introduction
Remote sensing — any remotely sensed data

Satellite-borne:
+ Radar (SAR)

« Optical images

» Laser (e.g. GLAS)
« Altimeters

+ Spectrometers
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Introduction

« National Height Model by
Swedish Land Survey 2009-2016

« Airborne Laser Scanning,
~0.5 points/m?

« 2.0 m raster grid
* RIvlSEeIevation <0.5m

 Temporal stable =» enables
numerous applications
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Introduction

Forestry applications of satellite stereogrammetry ,,"'
using very high resolution (VHR) optical data

* Forestry applications
« Stereogrammetry
« Very-high-resolution optical
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Concepts - stereogrammetry

* Images from at least two look angles
« Stereo matching — just as by the human eyes
« Geometric reconstruction of differences to heights — 3D
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Concepts - stereogrammetry

 Possible to combine
multiple images

« Advantage with nadir
Image

« Evaluated with
along-track stereo

« Steerable sensors =
small foot prints
unsuitable for global
coverage
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Concepts - optical
« First orbital photograph 1959 by
U.S. Explorer 6

* High resolution images available
for the military since the sixties

« Commercial alternatives available
since the nineties

+ HRS Imagery costs ~ $10-40 / image -
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Concepts - very-high-resolution

« Very High Resolution (VHR) sensors unclear definition
* For terrain reconstruction - resolution better than ~ 2m

Examples:

* Pleiades (1A & 1B, 0.5 m)
« WorldView-2 (0.46 m)
 GeoEye-1 (0.41 m)

e Spot-6/7 (1.5 m)

* QuickBird (0.61 m)
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Pleiades Imagery

* 0.5 m ground sampling
distance

4 pands — RGB and NIR

« Swath width 20 km

« Tri-stereo acquisitions

« Dally revisit
(26 days cycle)
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Spot-6/7

Panchromatic 1.5 m
Multispectral 6 m (RGB+NIR)
Swath width 60 km

. L Spot-6
Stereo and tri-st acquisitions

Operating on the same orbit and
phased 180°

Phased 90° relative the Plelades

Pléiades 1A
v

24 Spot-7
|

2
Pléiades 1B
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WorldView-2

e Panchr 0.46 m

« Multispectral RGB and
NIR 1.84 m

« Swath width 16.4 km
« Stereo acquisitions
1.1 days revisit
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Techniques

 Reference and search <->
 Different pyramid levels
« Semi-Global Matching
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lllustration
mp4 from Evo
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lllustration
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Hlustration
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Concepts - forestry applications

What'’s the point with all this?

* Forestry incorporates
remote sensing sources

* New support to historical
decision systems

« Typical forest parameters in boreal |
forests — used in e.g. thinning templates |

1
— 4

- basal area \
— tree diameter
— Lorey’s mean tree height (H,)
— stem volume
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Concepts - forestry applications
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Concepts - forestry applications
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Biomass = C; Height + C, Density
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Practical examples

Presented with
« Pléeiades images of Remningstorp and Krycklan

« WorldView-2 images from Remningstorp
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Test sites

Krycklan (64° N)

- 6,780 ha boreal forest

- 1,376 stands, 0.03 — 63.7 ha
- Hilly with 125-350 m a.s.l.

- 49% pine and 35% spruce

Remningstorp (58° N)

- 1,200 ha hemi-boreal forest
- 472 stands 0.5 -15.6 ha

- Flat with 120-145 m a.s.l.

- 23% pine and 63% spruce

TO°N+

65"N 4

60"N 1

10°E 20'E 30°E

Kfvckl:n Finland

Norway Sweden

Remningstorp
o

Denmark

10°E 20°E
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Results at plot-level
Pléiades

Remningstorp — 40 m circular plots
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Results at plot-level
WorldView-2

Remningstorp — 40 m circular plots

1.07 4.6
Basal-area (m2/ha 5.11

ground Biomass (Tons/ha

RMSE | RMSE (%

0.92
16.1 0.79
35.6 18.2 0.79
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WorldView-2 predicted Biomass {tons ha ']
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Conclusions

 VHR data suitable for forestry
applications

« Cheap alternative to airborne
systems (laser, photogrammetry,
UAV)

« Cheap complement to
field visits

 Performs better than traditional
field inventories
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