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 MetEOC-4 - Metrology to establish an SI-traceable climate observing
system —project coordinated by NPL, UK (9/2020 - 8/2023)

« WP3: Validating Carbon stocktake: Greenhouse gas (GHG) emissions and
biosphere

- Task 3.3: Validation of vegetation-related variables

- Exploring hyperspectral drone capabilities over forest test site for
Fiducial Reference Measurement (FRM) methodologies in order to
assess the impact of key factors such as solar geometries,
atmospheric conditions, and phenology

- Drone campaigns +-15 min with Sentinel-2 overpasses with different solar
elevations / zenith angles

« Similar campaigns in UK and in Finland
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FGI forest test site

1-hectare (100 m x 100 m) dense
forest test site, mainly Norway
spruce (Picea abies), at
Kirkkonummi, Southern Finland

'S2 CIR

NLS RGB orthophoto

“.h

FINNISH GEOSPATIAL RESEARCH INSTITUTE FGI

ESA Living Planet Symposium 24.5.2022

Canopy height model
I;r” .,l' J ﬂ" r

- | y
! L £ ; Méntsala, 7
f ‘Berlyvinkaal m o
Hyvinge' /
L S ! Jarvenpaa
u __

Bao | it Traskanda:

o )
A Tuusula [ikerava
T 4 Kervo
1 * Tusby @@/ = /o =
o~Sipoo
) I 7 A Sibbo
[ Kauniainen ' her b
4 Grankulla ' «'fan~taa
WY (4 Vanda
Jntio Pl < -am7 N K
wdead f:.' o o,

HELSINKI
HELSINGFORS

oo

VAN Espoo
Kirkkenummi Esbo

Kyrkslatt
60.1540, 24.4837

y @DroneFinland @LauriMarkelin



FGI fo

1-hectare (1
forest test si
spruce (Piceg
Kirkkonumng

v|[Kerava
‘i Kervo
I@ h‘\-___,.-:'a._.‘"'
; o Sipoo
Sibbo.

NLS RGB orthophoto ™

ELSINKI
LSINGFORS

' Markelin

Iy /

FINNISH GEOSPATIAL RESEA S




Hyperspectral drone system

Specim AFX10

 Pushbroom camera, computer, GNSS-
IMU, storage all in one package

* Real-time and post-mission position
and orientation solution for direct
georeferencing

 400-1000 nm, 224 bands, 1024 spatial
pixels, 2.1 kg

« GSD 7 cm from 100 m height

« Radiometrically calibrated by Specim
-> produces at-sensor radiance images

y @DroneFinland @LauriMarkelin
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In situ reference measurements and

data processing

- Aerosol optical depth (AOD)
measurements with Microtopsll

« Four 1 m? reference reflectance
panels: Labsphere Permaflect 5%,
10%, 20%, 50% reflectance

 AFX10 geometric processing with
Specim CaliGeo PRO

« Image line mosaicking with Rese
DROATCOR

« Conversion to ground reflectance
with empirical line method
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Drone campaigns

« Sentinel-2 A&B overpasses every 2-5 days over
the test site around noon or 1pm (summertime)

- Drone campaign +- 15 mins of the 52 overpass
- 10 flights done, 6 in good conditions
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Senop Rikola AFX10 did not work
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Sentinel-2 images
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Example images

AFX10 mosaics, GSD 10 cm, R=666 nm, G =561 nm, B =489 nm

14 July 2021

19 October 2021
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One hectare test area
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Example images 2: resolution

S2 GSD 10m S2 GSD 20m
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Example images 2: resolution

S2 GSD 10m ‘ ? ‘ S2 GSD 20m
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Reflectance

pixl pix2

AFXlO Spectra 19.10. AFX10 GSD 0.1 m image
resampled to S2 10 m and 20 m GSD
Individual pixel spectra of with different algorithms: Average,
Spruce and background
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pix1l pix2

Sentinel-2 pixel spectra from

52 SDECtra three dates: 14.7., , 19.10.,

SunZen: 39° 70° _ _
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Reflectance

pix1l pix2

AFX10 GSD 0.1 m image resampled
AFXlO VS 52 to S2 10 m and 20 m GSD with

Spectra 19 10 different algorithms: Average,

Bilinear, and Median pix3 pix4
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Conclusions and future work

« We have collected six
hyperspectral drone data sets
matching with Sentinel-2
overpasses ‘

* Sun zenith angles from 37° to
70°

e One LIiDAR data set

Process all AFX10 campaign
data from 6 dates

« AFX10 spectral resampling to S2

Choose optimal spatial
resampling method for drone
data

Estimate AFX10 reflectance data
accuracy

Fix offset from AFX10 reflectance

Check weather and AOD
measurements for each date

Compare different solar zenith
angles / dates
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Thank you!
Smarter aerial sensing
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Dronefinland.fi

DroneFinland is drone-based remote
sensing innovation center at FGI NLS

« Drone research since 2008

* Lead by Prof. Eija Honkavaara

 Drone photogrammetry, laser scanning,
hyperspectral imaging, thermal imaging

 New sensors, rigorous sensor data processing

- Efficient and intelligent processing algorithms

 Test fields, calibration and validation

« Application know-how, collaboration

e Success stories
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FUTURE TECHNOLOGIES

FOREST AND

AGRICULTURE ENVIRONMENT

REAL-TIME
AWARENESS

BUILT ENVIRONMENT
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