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H2020 SOLSA (Sonic Online and Sample Analysis) project aims at constructing an analytical expert
system for on-line-on-mine-real-time mineralogical and geochemical analyses on sonic drill cores.

SOLSA ID
Analyse & Identification in
field and industrial applications

SOLSAID A,/ Profilometer, RGB
measurement, camera, VNIR/SWIR
, cameras, XRF
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Localisation of ROIs on

~ processing | drill cores
: I ‘ :
SOLSA ID B\ :
2 I -
SOLSA ID B,i ‘
orocessing  Dataprocessing
~



* X %
w* *

el Nickel laterites
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X Average chemical variations on the laterite profile:
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* Three nickel laterite ore types, based on the dominant minerals hosting Ni: =
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Oxide 1.0-1.6 wt% Goethite, absolane, 60% Mid to upper saprolite and
lithiophorite upwards to the plasmic zone
Hydrous 1.44 wit% Serpentine, talc, chlorite, 32% Mid to lower saprolite
Mg silicate sepiolite
Clay 1.0-1.5 wt% Smectite, saponite 8% Mid to upper saprolite

silicate
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SWIR (1000 — 2500 nm) camera

Thanh M. BUI

Profilometer RGB camera
VNIR (400 — 1000 nm) camera
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Software development scheme

Conveyor

Profilometer

Data acquisition

software

SSD

RGB camera XRF

Data registration
software

Data processing

software

depth

VNIR camera

SWIR camera
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Ml mineralogy identification
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is in the AIOH waveband,

Will mehude SECONDARY
AIOH absorptions of that mineral,
= = = I=1— = S S BN W
Ly ey 1 W ST =t = o e L= =]
= e S D= & Sa8983 ]
A -~ -~ - s o -~ o~ ~ ~ ~ -~
] - RV ” /H.;'“‘“/’J M o I e K /\/\ﬁ
PR A P . E P ~ /w
1400nm (1550nm and 1750- S A | A g (| e
OH . . - P P A A A A | Iy |
1850nm in some minerals) b St IR Al || -
- A P A v & S td A o
P S s P A e P -~ . ~”
— D e I s /— Al b
Water 1400nm and 1900nm N LA CIINSILLl \/\///T o
-~ s -~ ~ o -~ s s o rd ~ ~ T
- P F P & -~ & s s s
P Y A T A s & P A A P
AIOH 2160'2228nm R A A P AV EARY | R | I
ﬁ'_‘w_,—-—-—-—-—r—-ﬁ”_f_?’“\ CET S N Vs | P
£ T T r ;o \W P MIEa
A A A A A o ’ 4 o FAYd L
FEOH 2230-2295nm P A A T A A A - o -
A | & et ] s A~ o
ﬂ-)\://_a—ﬁv_‘_,_._.-—-—-—"—-"" P S o~ - - o
- - A P A rd P o
MgOH 2300 2370nm A P A A T A P
A A S A A E S A & S ~
PR A ’ P A AR A A A & & Fd
2300-2370nm (and also at ssss s SR IRy o T B
C03 ERV R VA ER R vl | \%F Fd \ WAl
P A A A T A A A A ~ ~ -
1870nm, 1990nm and 2155nm) S A | M 1L
P g - g s s s s P & - # -~ -~ P .
I -~ rs -~ & ~” S A #~ s - -~ + -~ -~ -~
1300 1400 1500 = 1600 1700 1800 < 11900 2000 2100 . 220(? Eﬁhﬂ 1 2400 2500
: . H Wavelength (nanometres) H | ¢ . :
0 - 0 L " A T .
“Water and OH WOH ' Water ' AIOH: l' e .
(Water = single broad (e.g sulphates (Single broad FeOH: .
absorption +/- shoulders) +kaolinite asymmetric andd
l . " CO3 and/or
(O'H = can be multiple clays absorption
sharp absorptions of +diaspore) +/- shoulders) '\j]g(}H
varying intensities) [If deepesl)

{Otherwise check
in AlOH band as
it may be a 2ndy

Crystallinity variations -> shape variations GMEX. 2008 AIOH feature)
Compositional variations -> wavelength shifts Pontual et al. 1997




*x X X
* *

* SOLSA *

* *
* 4 Kk

245 um

245 um

Reflectance

Sensor

Halogen light
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Hyperspectral unmixing
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sl Hyperspectral unmixing
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Statistical approaches (Debigion et al. 2008 ; Altmann et al.,
2015)

* The likelihood: data generation models

* Priors: constraints on the endmembers

Geometrical approaches (Nascimento et al., 2005; Bioucas-
Dias et al. 2009)

* The observed hyperspectral vectors: simplex set whose vertices
correspond to the endmembers.

Sparse regression
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Y = AX MATRIX OF FRACTIONAL
ABUNDANCES
OBSERVED IMAGE SPECTRAL LIBRARY A
X lordache et al.,

IEEE Trans, 2014

'vl '\2 Y3 TN [T ICTEN [T IETUR RTUN B N
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Y A X
Lxn Lxm m X n

min||AX — Y[l2 +AllX|l,, Subjectto:X20,1"X=1

Thanh M. BUI

* The observed image signatures can be expressed in the form of linear combinations
of a number of pure spectral signatures known in advance (spectral library).

* Unmixing amounts to finding the optimal subset of signatures in a spectral library
that can best model each mixed pixel in the scene.

* The sparse unmixing exploits the usual very low number of endmembers (maximum
of 4, Berman et al., CSIRO, 2017) present in real images, out of a spectral library.
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Other libraries (e.g., USGS) may not contain spectra of pure
minerals.

We wish to include spectra that are collected with our
instruments used in our operational exploration.

Minerals found in Ni laterites in New Caledonia may not be
present in other libraries.
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Reference spectral libraries:
USGS: https://speclab.cr.usgs.gov/
NASA ASTER: https://speclib.jpl.nasa.gov/
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* Rock and mineral samples provided
by BRGM, ERAMET and the National
Museum of Natural History, France

* Spectra extraction: ENVI 5.4 and G-
MEX by taking into account the
wavelength positions and the
relative intensities of the absorption

Halloysite

features.
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Talc: Mg,Si,0,,(0OH),

Continuum Removed
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Spectral Profile
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el  Sparse unmixing techniques
*
cLUnsAL min||AX = Y|z* + AlIX]l,1
(Collaborative sparse unmixing by X ’
variable splitting and augmented subject to: X>0,1TX =1

Lagrangian):

SUnSAL min||AX — Y[* + Al X|l1,1
(Sparse unmixing by variable X .
splitting and augmented subject to: X20,1° X=1

Lagrangian):

FCLS min||AX — Y|’

(Fully contrained least squares):
subject to: X>0,1T X =1

Thanh M. BUI

The optimization is based on the alternating

direction method of multipliers (ADMM) Bioucas-Dias et al.. 2010

lordache et al., IEEE Trans, 2014
Afonso et al., IEEE Trans, 2011
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37 spectra representing 21 minerals have been collected:
ankerite, calcite, dolomite, magnesite
lizardite, nepouite, antigorite, chrysotite,
saponite, montmorillonite, nontronite, kaolinite, pimelite,
talc, sepiolite, 1200
alunite, asbolane, chromite, diaspore, enstatite, forsterite
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Sl Hyperspectral unmixing
Simulated data: SNR =40 dB

Original X FCLS SUnSAL CLSUNnSAL

Signal to reconstruction error (SRE) ratio:

Thanh M. BUI

E||x||2 SRE Time SRE time SRE time

SRE =10 lOgE”x — 52”2 1424 0.022 1494 0.254 16.74 0.228
6.41 0.019 7.45 0.259 1195 0.230

5.25 0.022 7.07 0.499 7.16 0.453

FCLS: Fully constrained least squares
SUnSAL: Sparse unmixing by variable splitting and augmented Lagrangian
CLSUnSAL: Collaborative sparse unmixing by variable splitting and augmented Lagrangian
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Data acquired from a serpentinized harzburgite sample

RGB image QEMSCAN results
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Proportion (abundance) of each mineral:

Chromite
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Data acquired from a serpentinized harzburgite sample

RGB image Unmixing results QEMSCAN results
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Using our hyperspectral library, the 1000
CLSUNSAL provided the highest accuracy.

* Need to improve the computation time.
* Incorporate the spatial context to the

unmixing problem E

* The library is constantly extended 8

» 257 spectra have been extracted for 49 2
minerals = 2000

A graphic user interface is under
development
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Machine learning classification
approaches have been implemented.
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Thank you for your attention!
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H2020 SOLSA (Sonic Online and Sample Analysis) project aims at constructing an analytical expert
system for on-line-on-mine-real-time mineralogical and geochemical analyses on sonic drill cores.

SOLSA ID
Analyse & Identification in
field and industrial applications

SOLSAIDA, Profilometer, RGB
measurement . camera, VNIR/SWIR
. cameras, XRF

! 3

SOLSA ”_3 Al Localisation of ROIs on
processing | drill cores
: | A drill core
SOLSAID B, | !
measurement |
; : Diaspore
|

SOLSA ID B, |
processing
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[n° Solsa System = 1=

ce| Console j Db]ect|

SOLSA - Sonic Online Drilling and Sample Analysis

@ SOLSA

Expert System

Display Data

Here you can get help of any object

D:/Dataf11122017_Processed|Diaspore_SWIR/ Dizspore_SWIR_2017_ref_n.img k F\gU[E 2 — El 2@ ‘
R 1 1
B

Compute Reflectance 0.7 -l

. Figure 1 =B %
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Compute hull corrected spectra from reflectances
Open Refl
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Display ASD Spectrum

Open ASD

serWarning: axes.hold is deprecated. Please remove it
atplotlibrc and/or style files.
ings.warn(self.msg_depr_set % key)
Data‘\Anaconda3\1lib\site-packages\matplotlib\rcsetuy
serWarning: axes.hold is deprecated, will be removed i
ings.warn("axes.hold is deprecated, will be removed in

T T T T T T
100 150 200 250 300 350

Hyperspectral classification and unmixing techniques are being integrated



* X %
* *

* SOLSA *
el VNIR/SWIR camera parameters
.
Parameters FX10 VNIR SWIR OLES30
Spectral range (nm) 400 - 1000 1000 - 2500
Spectral bands 224 288
Spectral FWHM (nm) 5.5 12
Spatial sampling 1024 384
FOV (degree) 38 17
Maximum frame rate (fps) 330 450
Exposure time range (ms) 0.1-20 0.1-20
Aperture 1.7 2
Focal length (mm) 15 30
Measurement distance (m) 0.118 0.316
Field of View (mm) 81.26 94.45
Spatial resolution (um) 79.36 245.97
Depth of Field (mm) 1.91 9.64
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A Mmachine learning techniques

Training phase

( ™
Labels
Training
p ) using SVM
re-processing +
Spectra Feature Extraction Features
- Y,
Prediction phase
4 N >
Pre-processing + Trained =
Features . pe =
Spectrum Feature Extraction Classifier b=
Label
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540 samples (randomly selecting 360 for training,

180 for testing);
C-SVC, C=100; RBF, y =0.999

Iteratively evaluated in 50 times

SAM 99.97 + 0.07
Filtered spectra 100
Continuum removal 100

Filtered spectra + PCA 99.97 + 0.07
Continuum removal + PCA 99.70+0.28

99.56 £ 0.60
99.64 £ 0.55

98.62 £ 0.84
99.29 + 0.78

98.02 £1.08
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el Spectral classification - results
*
Goethite Goethite
Hematite 2 Hematite 2
Hematite 1 Hematite 1
. Olivine,
Magnetite 2 Chromite
Chromite Chromite
66 mm Magnetite 1 Magnetite 1 =
Chromite Chromite %
Chromite Chromite
Chromite Chromite
Chromite Chromite
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2D CNN

2D conv.

2D conv.
—_— —_— —
(64, 3x3, 1) 64, 3x3, Dropou

5x5xL 3x3x64 1x1x64 128
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Hyperspectral classification

Random Forest:
n_estimators=500,

max_features=15,

bootstrap=False

Accuracy: 0.888 100 1.

40

1D CNN, o0

Accuracy: 0.926

100 4 48
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Classification image
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Indian Pines scene, 224 bands from 0.4 — 2.5 um

Gradient boosting

machines:
n_estimators=500,
max_features=15

Accuracy: 0.892

2D CNN,
Accuracy: 0.953




