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HYPERSPECTRAL IMAGING

» Hyperspectral imaging, like other spectral imaging,
collects and processes information from across the
electromagnetic spectrum. The goal of hyperspectral
Imaging is to obtain the spectrum for each pixel in
the image of a scene, with the purpose of finding objects,
identifying materials, or detecting processes.

R RN, NN

Applications
- vegetation
* urban area
* geology : Vo, 3
« target detection e i 7 Spectral
* medical photoniés.com 4™ o :

RN
SR

nasa.gov W - 3

northropgrumman.com b N EAVEIIEIHyperspectral Imager for Coastal Oceans (HICO)



WHAT WE ARE DOING

Hyperspectral in Laboratory

Hyperspectral in Satellite E R f";@ e —
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| N TRO D U CT | O N (Problem Statement)

= Mineral identification is challenging in the field of geology
and mineralogy.

= |t relates to geological research and is usually conducted by
geologists (mineralogy experts).

= It is extensively investigated by hyperspectral remote sensing
(and airborne) sensing and has been the subject of many
research studies.

= Manual identification of mineral samples by a mineralogy
expert which is a time consuming process and provides high
level of disparity due to fatigue or inadequate methods for this
specific application.
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INTRODUCTION

= The main objective of this research lies under the
automatic mineral identification which is considered

as hyperspectral unmixing.

= Hyperspectral unmixing in the hyperspectral
Infrared image.

= |t use(d/s) for long time and most of the HSI
researches are basically for remote sensing(and

airborne) research. (e.g. Only in 2015 the geological Photograph showing measurements being made with the PIMA
based hyperspectral infrared imagery (contributions) papers Il field spectrometer. Picture from: Kruse, F. A. (1996).
were more 100> ) Identification and mapping of minerals in drill core using hyperspectral

image analysis of infrared reflectance spectra. International journal of
remote sensing, 17(9), 1623-1632.
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Mineral identification

Measurement

*Mineral preparation
*Conducting the experiments
*Producing the clean data
*Finding the reference datasets

I eData retrieval

dta-mining

* Creating a system for automatic
mineral identification:
*Feature extraction /Selection
*Classification- Pattern
recognition task & machine
learning
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Measurement
*Mineral preparation
*Conducting the experiments
*Producing the clean data
*Finding the reference datasets
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Measurement
*Mineral preparation
*Conducting the experiments
*Producing the clean data
*Finding the reference datasets

New mineral grains have been prepared for the new experiment
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Measurement

*Mineral preparation
*Conducting the experiments

Hype rSpECt ral imaging *Producing the clean data

*Finding the reference datasets

HyperCam

Heating
Element

Imaging are done at Telops Inc. 02 April 2015
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Measurement

*Mineral preparation
*Conducting the experiments

Li St Of a I I Sa m p I es *Producing the clean data

*Finding the reference datasets
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Olivine - OL

Measurement
*Mineral preparation
*Conducting the experiments
*Producing the clean data
*Finding the reference datasets
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Measurement
*Mineral preparation

Chromite - NEW- CHR e e e e

*Finding the reference datasets

ON Heating source OFF

250 200 150 100 50

Binocular

A

OUR Test

e —— e

e e e e .
e

I3 R et e, o L L SIS T S —————_——

UNIVERSITE

| LAVAL



Measurement
*Mineral preparation
*Conducting the experiments

ASTE R = c h rO m ite *Producing the clean data

*Finding the reference datasets
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ASTER - limenite & Chromite

Measurement
*Mineral preparation
*Conducting the experiments
*Producing the clean data
*Finding the reference datasets
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Measurement
*Mineral preparation
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Measurement
*Mineral preparation
*Conducting the experiments

Py rO p e = PY R *Producing the clean data

Heating source OFF *Finding the reference datasets
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QUARTZ -NEW - QTZ

Measurement

*Mineral preparation
*Conducting the experiments
*Producing the clean data
Heating source OFF *Finding the reference datasets
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HYMID

Hyperspectral Mineral Identifier (HYMID): a tool for applying spectral analysis

File Help Tool N

Menu,
Hyper-image

| Hyperimage-ON | Rol-image

Continuum Removal & ROI selection.
© Select InfraGold

© Region of Interest(ROI)

Reference Spectrum.
ASTER Our EEA,

e —
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Other EEA.

MAMSs - output
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Ploting spectrum Ploting EEA Region

Wavelength (microm) Wavelength {microm)

® HyparSpectral Mineral Indentifier-HYMID created by Bardia Y. 3t Université Laval {2015)
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METHODOLOGY
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Spectral Comparison ELM
Reference (EEA)

First Derivative Signature band
ASTER/JPL (FD) (SFF)
Approx. EE

' Unsupervised
Matched Matched

Filter Filter Kernelled HSV K-
! mean

Spectral Angle
Mapper

'l Spectral Angle

.l Mapper
Input HSI |

INormXCorr

\ETe

Normalize
cross

Spectral Info. Spectral Info.
Divergence Divergence

Spectral Info.

Bl unversiTE | Divergence
M I.AVAL




RESULTS

Simple looking at the problem, applying a simple threshold in the certain wavelength.
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RESULTS

Matching Filter

Normalized Cross Corrslation

Normalized Cross Corrslation

Normalized Cross Correlation

Normalized Cross Correlation
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Original Hyperspectral imags

SAM

SAM

Spectral Comparison Map
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RESULTS

Matching Filter

Normalized Cross Correlation
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SAM
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Original Hyperspectral image Normalized Cross Correlation
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Fast Fourier Transform (FFT)

RESULTS
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CLUSTERING/CLASSIFICATION

|
MAM HSV-Kernelled K- Quanrtz (%) Pyrope (%) Olvine (%)
means clustering
Accuracy of 7795 94 59 8539
_mineral detection BT S !
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CONCLUSION

= The problem of mineral identification has been discussed.

= Systems for automated identification of the minerals have been introduced using the hyperspectral
infrared imaging system. Clustering and classification of the mineral has been analyzed.

= Hyperspectral infrared in the wavelength (7.7-11.8 um) provides distinctive signatures of Quartz,
Pyrope ,and Olivine.

= On the contrary, the hyperspectral profiles for llmenite and Chromite are difficult to identify in this
spectral band.

= Using ELM is not a good option as its training is hard for overcoming this issue unsupervised
approaches are recommended.

Future Work:
» Further investigate clustering techniques to improve performance,
 |nvestigate the application of spectral transformation techniques such as the S-transform
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GROUND TRUTH

Orthogonal subspace projection (OSP) & Adaptive matched subspace detector (AMSD) algorithm

Onginal Hyperspectral Image

Pyrope & Quatrz mixture

AMSD Original Hyperspectral Image Binocalar photo

Ohvine & Quatrz nuxture
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