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Nickel laterites 
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•
Three nickel laterite ore types, based on the dom

inant m
inerals hosting N

i: 

•
N

i resources: 
o

Sulfide ores 
o

N
i laterites 

 
•

N
i laterites 

o
Consitute 60 – 70%

 of the 
w

orld’s N
i resources 

o
Reach 60%

 of total N
i 

production in 2014 
o

Contribute 20 – 30%
 of the 

total Co supply. 

http://w
w

w
.m

alagpr.com
.au/terralog-services.htm

l 

O
res 

M
ean grades 

of N
i 

Principle ore m
inerals 

%
 of total N

i laterite 
resources 

Position in lateritic profiles 

O
xide 

1.0 – 1.6 w
t%

  
Goethite, absolane, 

lithiophorite 
60%

 
M

id to upper saprolite and 
upw

ards to the plasm
ic zone 

Hydrous 
M

g silicate 
1.44 w

t%
 

Serpentine, talc, chlorite, 
sepiolite 

32%
 

M
id to low

er saprolite 

Clay 
silicate 

1.0 – 1.5 w
t%

 
Sm

ectite, saponite 
8%

 
M

id to upper saprolite 

Average chem
ical variations on the laterite profile: 

 

Butt et a
l., 2013 



Lateritic profiles 
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Clay silicate 
O

xide 
Partly silicfied oxide 

Hydrous M
g silicate 

Butt et a
l., 2013 



Observations on drill cores 
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Observations on drill cores 
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To develop an im
aging system

 of drill cores 

•
N

eed to take into account the follow
ing features/inform

ation: 
•

Depth, drilling speed 
•

Textures: 
•

RGB cam
era, profilom

eter 
•

Roughness 
•

Profilom
eter 

•
Hardness, porosity: 
•

Drilling system
, hyperspectral cam

eras, RGB cam
era(?) 

•
Principal ore m

inerals:  
•

Hyperspectral im
aging: diagnostic absorption features,  

•
N

i content: 
•

Portable XRF 
7 



SOLSA 
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SO
LSA ID 1 

Analyse &
 Identification in laboratory conditions 

->Test configurations to be used for ID 2 

SO
LSA ID 2 

Analyse &
 Identification in 

field and industrial applications 

P
rofilom

eter, R
G

B
 cam

era, 
V

N
IR

/S
W

IR
 cam

eras, pX
R

F 

 

Localisation of R
O

Is on drill 
cores 

   

X
R

D
 – X

R
F – R

am
an – 

(D
R

IFT) on R
O

Is 

   

D
ata processing 

  

S
O

LS
A

 ID
 2A

, 
m

easurem
ent 

S
O

LS
A

 ID
 2A

, 
processing 

S
O

LS
A

 ID
 2B

, 
m

easurem
ent 

S
O

LS
A

 ID
 2B

, 
processing 



ID2A scanning prototype 
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G
oal: to built a system

 for scanning drill cores by im
aging. Tw

o results are expected: 
•

to know
 the outer shape of the core, in order to help for autom

atic positionning of 
the analytical system

. 
•

to identify regions of interest on the surface of the core 

Profilom
eter 

RGB cam
era 

VN
IR, SW

IR 
hyperspectral 
cam

eras 



W
ork in progress 

•
Hyperspectral im

aging: to identify the principal ore m
inerals, 

(crystallinity) 
•

Building spectral library: collection of spectra of pure m
inerals 

(endm
em

bers) 
•

Spectral classification: to classify different m
inerals using their spectra 

•
A classification m

ethod based on Support Vector M
achines has been 

developed. 
•

Spectral unm
ixing: to infer pure spectral signatures (endm

em
bers) and 

their corresponding proportions (abundances) 
•

A m
ethod of sparse unm

ixing based on a spectral library has been 
developed. 

•
Profile data (profilom

eter) and RGB im
ages: 

•
To quantify the roughness of the surface 

•
To obtain the structure of grains and texture inform

ation of the drill 
cores 

•
To support hyperspectral interpretation and pXRF analysis 

10 
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M
icro 
  

                                                
M

illi 

•
CM

 - Core scale: profiling + im
aging 

    Identification of global texture of drill core surfaces,         
principal ore m

inerals 
 •

M
M

 - grain scale : XRD + XRF 
    Characterization of surfaces com

position 
 •

µM
 – Ram

an 
    Identification of individual phases 

Centi 

Drilled core box 

M
eth

od
olog

y to rely on
 m

u
ltiscalin

g
 p

rob
in

g
/

m
in

eralog
y/

N
i con

ten
t/

d
ep

th 

M
ulti-scale strategy 
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For a better understanding, correlations should be done at a m
ulti-scale: 
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Triangulation profilom

eter principle 
                 

W
hen the laser beam

 
illum

inates the surface of 
an object, the illum

inated 
point is projected, 
tow

ards the focal depth of 
the cam

era, onto the 
im

age CCD sensor. 

13 
The position of the laser spot on the CCD sensor is related to the position of the 
laser splot on the object surface. The m

easurem
ent sensitivity: 

pixel 

Intensity 

N
on-contact laser triangulation 



Description of the reflected signal 

Threshold w
idth 

Height (intensity) 

Intensity 

Pixel 
Z position 

•
Threshold: Actual threshold  

•
Height (intensity): M

axim
um

 intensity of the reflection above the threshold 

•
Position: the position (in pixel) corresponds to the pixel row

 on the CM
O

S sensor w
ith 

m
axim

um
 intensity. This is indicative of the surface profile. 

•
W

idth:  The w
idth of reflection in pixel. This value is indicative of the signal diffusion. 
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Conveyor and im

aging 
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x 

z 
y 

Im
aging part is com

posed of: 

•
Conveyor (along y-axis) 

•
Profilom

eter (x, y, z, Intensity, w
idth) 

•
N

eed to m
ovem

ent of conveyor to 
reconstruct the surface profile 

•
RGB cam

era: (x, y, RGB) 

•
N

o z inform
ation 
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Drilled core 

M
anual Core  

positionning on Y-axis 
Core auto  

positionning on Y-axis  

Profiling  
acquisition 

Profile  
reconstruction 

1 

2 

3 

4 

5 

Y (mm)   
 

 
X (m

m
) 

Data processing 

Core preparation 
(drying, cleaning ...) 

Schem
e of profiling processing 

Results: 
-

Set of surfaces/volum
e 

-
Identification of RO

I fam
ily 

-
M

orphology inform
ation 

Action 
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Sam
ple « breccia » series 2 

70 
m

m
 

Sam
ple « breccia » XYZ profile 

Exam
ple: cylindrical surface of breccia 

 Perform
ing:  

- Real surface reconstruction 
 -Analysis of defects (cracks 
and porosity) 

16 
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Exam
ple: surfaces effect on breccia 

19 

•
Z and Height: no effect 
on m

ineralogy 

•
W

idth: effect on 
m

ineralogy 
 

Profilom
eter 

RG
B 

W
idth 

Z (m
m

) 
Height 

shadow
ing 



This project has received funding from the European Union’s Horizon 2020 
research and innovation program under grant agreement No 689868 10/13/2017 

n1 

n2 

Io 
IR1 

IR2 

Ia1 

•
The deviation of the m

ain peak is indicative 
of the height of the surface. 

•
The incident beam

 can be partialy absorbed 
by the surface, or refracted. This effect can 
depend on the w

avelength. 

•
The analysis of the reflected intensity allow

s 
to quantify the optical characteristics of the 
surface. All interfaces are able to diffuse the 
incom

ing light. Profiling principle: interaction light/m
atter 

20 



Laser line (405nm
) on a flat surface 

of a granite rock. 
 Granit is m

ainly com
posed by 2 

transparent m
inerals (quartz and 

felspar) and highly reflected m
ineral 

(biotite, in black) 
 Com

pared to a sim
ple lightening, 

the laser allow
s to enhance the 

optical properties of the m
ineral, 

and intensity quantification can be 
done. 
 

Laser diffusion and saturation depending on m
ineralogy 

Exam
ple: flat surface of granite 

Threshold decreasing 

21 



M
apping grains 

hole 

Large grains are visible w
ith both 

techniques 
A sm

all grain population is only visible w
ith im

age profile 

5 m
m

 

Picture (Height (Intensity)) 
Picture (RGB) 

14 

•
Com

parison betw
een profilom

etry and RGB im
ages on an heterogeneous sam

ple. 
•

There are m
ore inform

ation in the im
age profile intensity than in RGB im

age 
•

3 surface fam
ilies: 

•
Large grain 

•
Sm

all grain 



O
bservation : Picture (z) allow

s to identify clearly porosity and cracks 

Im
age analysis of picture (z) w

ill allow
s to m

easure roughness. 

picture(z) 

15 

M
apping grains 



24 

W
idth 

Serpentined sam
ple 

(saprolite level on 
peridotite bed rock): 
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W
idth 

Serpentined sam
ple 

(saprolite level on 
peridotite bed rock): 
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Conclusions and perspectives 
•

Profilom
etry im

aging brings a volum
etric dim

ension that cannot be 
done w

ith classical RGB. 

•
M

orphologic param
eters can be quantified better than classical 

RGB. 

•
M

ineralogical contour is im
proved. 

 

•
Data processing routines are under construction. 

•
Texture analysis w

ill be done using RGB im
ages 

•
Hyperspectral im

aging (in progress):  

•
Collecting endm

em
bers (buidling hyperspectral library) 

•
Evaluating hyperspectral classification and unm

ixing techniques on data 
acquired from

 harzburgite, dunite and bauxite sam
ples 

27 



Conclusions and perspectives 
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Performance 

Am
ount of data 

Deep learning m
ethods 

Tradition M
L m

ethods 

Data 
Feature 

Extraction 
Features 

Traditional 
M

L classifiers 
Labels 

Data 
Deep learning classifier 

Labels 
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Thank you for your attention! 



VNIR/SW
IR cam

era param
eters 

30 

Param
eters 

FX10 VN
IR 

SW
IR O

LES30 

Spectral range (nm
) 

400 - 1000 
1000 - 2500 

Spectral bands 
224 

288 
Spectral FW

HM
 (nm

) 
5.5 

12 
Spatial sam

pling 
1024 

384 
Field of View

 (degree) 
38 

17 
M

axim
um

 fram
e rate (fps) 

330 
450 

Exposure tim
e range (m

s) 
0.1 – 20 

0.1 – 20 
Aperture 

1.7 
2 

Focal length (m
m

) 
15 

30 
M

easurem
ent distance (m

) 
0.118 

0.316 
Field of View

 (m
m

) 
81.26 

94.45 
Spatial resolution (um

) 
79.36 

245.97 
Depth of Field (m

m
) 

1.91 
9.64 



Spectral classification 
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Spectra 
Pre-processing + 

Feature Extraction 

Training 
using SVM

 

Spectrum
 

Pre-processing + 
Feature Extraction 

Features 

Labels 

Features 
Trained 

Classifier 

Label 

Training phase 

Prediction phase 



Sparse unm
ixing m

ethods 
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Y 
L x n 

A 
L x m

 
X 

m
 x n 

su
b

ject to
: X≥ 0, 1X = 1  

Iordache et a
l., IEEE Trans, 2014 



Unm
ixing m

ethods 
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su
b

ject to: X ≥ 0, 1X = 1  

CLSU
nSAL 

(Collaborative sparse unm
ixing by 

variable  splitting and augm
ented 

Lagrangian): 

su
b

ject to
: X ≥ 0, 1X = 1  

SU
nSAL 

(Sparse unm
ixing by variable  splitting 

and augm
ented Lagrangian): 

 

su
b

ject to
: X ≥ 0, 1X = 1  

FCLS 
(Fully contrained least squares): 

Bioucas-Dias et a
l., 2010 

Iordache et a
l., IEEE Trans, 2014 

Afonso et a
l., IEEE Trans, 2011 

X(m
 x n) 

The optim
ization is based on the alternating 

direction m
ethod of m

ultipliers (ADM
M

). 


