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Hyperspektrikuvaus

malminetsinnassa

 Tavoite:

 Kallioperakairaustiedon
keruun ja tulkinnan
nopeuttaminen ja
kustannustehokkuuden
parantaminen prosessia
digitalisoimalla

« Kayttokohde:

 Kallioperan mineralogian
tunnistaminen ja
tulkitseminen

« Nayteaineistona kallioperan
kairaussydamet

Kuvat: Jari Vaatainen, ‘\
Geologian tutkimuskeskus (GTK) ja
GTK

TerraCore ot
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Kairausaineiston hyperspektrikuvausten
kasittely ja tulkinta.
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Hattu 3D —projekti (2018-2019)

Kohteena kultapotentiaalinen kallioperan
Hattu-liuskejakso llomantsissa, Pohjois-
Karjalassa

Tavoitteena malmiutumiseen liittyvien
mineralogisten muuttumisilmioiden
tunnistaminen ja spatiaalinen

rajaaminen vanhoista kairausaineistoista

Kehittaa alueen kultamalmeihin liittyvaa
hyperspektritiedon jatkotulkintaa
tekoalymenetelmin

Hyodyntaa mm. skannatun ja
pistemaisen spektrimittaustiedon
yhteiskayttda tulkinnassa

Projektia rahoittavat Business Finland ja
yritykset (EAKR)
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Apatiitin tunnistus VNIR s

\ /
Spatial-Spectral Endmember Extraction (SSEE)

\/

Apatiitti paatejasenten valinta

/ \

Spectral angle mapper (SAM)
/ \
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Value (offset for clarity)

Kalsiitti-dolomiitti absorptiot: 2019 nm ja
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Moreenin hienoaineksen kemiallisen
koostumuksen kemometrinen mallinnus
Maarit Middleton?,

Paavo Narhil, Viljo Kuosmanen?, Raimo Sutinen?
lGeological Survey of Finland, Rovaniemi
-
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Reflektanssispektroskopia ja kemometrinen
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Alkastabiilien maankosteusluokkien kartoitus
hyperspekriaineistosta mannyn uudistamisen tarpeisiin

Maarit Middleton 123, Paavo Narhi 1, Raimo Sutinen!
Geological Survey of Finland, ROVANIEMI, FINLAND, maarit.middleton@gtk.fi

Institute of Photogrammetry and Remote Sensing, Aalto university School of Science and
Technology, ESPOO, FINLAND

‘\ LaRSEES, Department of Geography, Queen's University, KINGSTON, Ontario, CANADA
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Aaltovittikot study site

RGB false colour composite of AISA
(R=774 nm, G=644 nm, B=572 nm)
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Nonmetric multidimensional scaling, NMDS
oridaatioanalyysi
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Testing set

Dielectric
measurements
n=580

Training set

Resampling

n=178 n= 322
MNF Neural network

Receiver
operating
characteristics
curves
(ROC)

mean/median
4m,6m, 8m,
10m, 12 m, 14 m

1,3,4,5,6,10 ini
Training set 1 Training set 4 Criwing
soil € 13/17 15/15

6.06 poits/ha 6.06 points/ha

Neural network
validation

n=156 result

Training set 2 channels

Training set 5 Area Under
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13/17
2.43 points/ha

Training set 3
13/17
0.64 points/ha

14.8.2015

15/15
2.43 points/ha

Training set 6
15/15
0.64 points/ha

n=36 models

ROC Curves

(AUC)




Results — Opetuspisteiden tiheyden vaikutus

luokittelutulokseen
S e ——
1G RBFLN n=24
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Number of training vectors (points/ha)

Maarit Middleton Prairie Summit June 4th, 2010



Case A - low risk Case B - high risk

N

N
TPR 0.344 TPR 0.689
ﬁ FPR 0.179 FPR 0.339
400 m RBFLN cutoff 0.716 RBFLN cutoff 0.477

I Suitable for Scots pine
- Unsuitable for Scots pine
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« Laakso, K., Middleton, M., Heinig, T., Bars, R., Lintinen, P. 2018. Assessing the
ability to combine hyperspectral imaging (HSI) data with Mineral Liberation
Analyzer (MLA) data to characterize phosphate rocks. International Journal of
Applied Earth Observation and Geoinformation 69, July 2018, 1-12.

« Middleton, M., Narhi, P., Arkimaa, H., Hyvonen, E., Kuosmanen, V., Treitz, P.,
Sutinen, R. 2012. Ordination and hyperspectral remote sensing approach to
classify peatland biotopes along soil moisture and fertility gradients. Remote
Sensing of Environment 124, 596-6009.

* Middleton, M., Narhi, P., Kuosmanen, V. & Sutinen, R. 2011. Quantification of
glacial till chemical composition by reflectance spectroscopy. Applied

geochemistry 26 (12), 2215-2225. ‘\

Maarit Middleton, GTK 14.8.2015 GT K
gtk.fi



Paleoseismisten sedimenttiseinamien 3D
virtualitulkinta hyperpistepilvista

Kirsch, M., Lorenz, S., Zimmermann, R., Andreani, L., Tusa, L., HodlI, P.,
Jackisch, R., Unger, G., Gloaguen, R., Middleton, M., Ojala, A., Mattila, J.,
Nordbéack, N., Palmu, J-P., Ruskeeniemi, T., Sutinen, R.
Helmholtz Institute Freiberg for Resource Technology, HZDR, Freiberg, GERMANY
o Geological Survey of Finland, Rovaniemi, Espoo, FINLAND
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Ristonmannikko trench 1
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Sample points in ortho-image
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Aapasuotyyppien tunnistus HyMap
hyperspektrilentoaineistosta Keminmaalla

Maarit Middleton?2, Paavo Narhi?, Hilkka ArkimaaP®, Eija Hyvonen?, Viljo
Kuosmanen®, Paul Treitz¢ and Raimo Sutinen?

2 Geological Survey of Finland, Rovaniemi, Finland
b Geological Survey of Finland, Espoo, Finland
‘ N\ ¢ Department of Geography, Queen's University, Kingston, Canada
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Methods

Optimizing class Spatial
Data . - e
hierarchial level classification
2000 2005 2009
— I . v |
plant | > PAM  —» MANOVA
HyMap coveragesi €,0,pH [-: CCA _" 8class | _: 8 class
plant | reclassification
coverages 4 class
-~ !
*> MANOVA , SVM
> 4class 4 class
v = v S IA — v
site type site type _L reclassificationL’reclassification efficiency efficiency
‘ 7 class | 4 class of of
7 c!gss | 15 class ‘ 7 . classification prediction
reclassification I
> 4 class

e Soil dielectric permittivity CCA Canonical correspondence analysis
o Soil electrical conductivity ~ PAM partitioning around medoids, unsupervised clustering
MANOVA multivariate analysis of variance
Vet Middleton. GTK SVM Support vector machines, supervised fuzzy classifier



Optimizing class hierarchial level with canonical

correspondence analysis

CCA and 1st PAM clustering (7 classes)
HyMap channels overlaid

CCA axis 2
CCAaxis 2
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CCA and 2nd PAM clustering (4 classes)
Plant species overlaid
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Ohjatun tukivektorikoneluokittelun (SVM)

olkeellisuus (ROC)

Number inside the
shape = % of
training pixels
used for training a
SVM model
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Area under the ROC curve (AUC)
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Suotyyppiluokittelun tulos kartalla

24°29°E, 65°57° N
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