



























































































































































However, with the greater use of additional spéatfarmation derived from the gamma-ray
channels using the full-spectrum analysis, somé¢hefimage-statistical tools can also be
implemented to obtain additional information frone tdata. Principal component analysis (of
wich the so called MNF is a special case, oftens®t to remove noise from the data) is an
effective way to enhance the visibility of subtlariations in gamma-ray data. The technique
can be applied to both conventional three-channel-Kh data (IAEG, 2003) and to multi-
channel radiometric data (Minty, 1998).

Multivariate analysis techniques such as Supervaset Unsupervised classification provide
powerful means to understand the information coethiin the data, both with respect to the
spatial and spectral patterns relationships thet exthin the dataset (IAEG-2003). This is
instrumental to the understanding of the meaninghefdata in terms of processes such as
geology, hydrothermal alteration, erosion, weatiggriregolith formation, soil degradation,
environmental impact, etcetera. Good examples ofi slassifications are provided by e.g.
Anderson (1998), Martelet et al (2006), Robertsl ¢2004), Goossens (1992).
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6.3.6 Data Integration

The term “horizontal-data integration” is a morecgmed term than the “data-fusion”
commonly used before to denote methodology of ewnpdp combination of multi-source
data to derive particular set of observables usadrget detection. The main reason is that no
data is actually fused, but is integrated in theera of layers or defined observables to
accurately account for all of the imaged targetratiristics (e.g. shape, texture, spectral
features). The need to seamlessly integrate wadatasets stems from the increasing types
of sensing systems used, differences in spati&ctsd and radiometric resolution and the
modes of acquisition (active, passive, nadir-logkioff-nadir, horizontal etc.). Integrating
remotely sensed data, especially multi-source nesnelnallenging particularly in regards to
viewing geometry, nature of the target observed @matracteristic observables that may or
may not be present under all observation conditi®tailed discussion of horizontal data
integration is presented in D4.1, 85.5.

The primary path of data integration presentedhi ImpactMin project revolves along
merging multispectral/hyperspectral satellite waitborne hyperspectral data, and to a lesser
extent merging airborne hyperspectral with gamnyagpectroscopic data. The primary
concerns are the issues of scale/resolution andédffects on the detectability of particular
targets. In any data integration, being able t@luesparticular targets in varying imaging
parameters becomes of crucial importance. Smailbeg@006) has presented a study on
analyzing available radiance and reflectance datal (ancillary sets) on ProSpecTIR,
HyperSpectir (HST), HyMap, Low and High altitude RIS and Hyperion hyperspectral
data over a cross-correlated discrete target-aresept in all of the sets gathered in the
geospatial database (i.&uddingtonite Bumparea in Cuprite, NV). The goal was to
demonstrate at what spatial or spectral resolutomparable to the available sensor data, the
target signal would become overwhelmed by the néisevever, it was demonstrated that the
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majority of hyperspectral sensors produce comparedgults and can identify characteristic
signature of buddingtonite mineral at spatial re8ohs ranging from 1m to 30m, sampling
interval ranging from 5 to 16nm and airborne tocgerne mode of operation. Furthermore,
it was demonstrable that the same area yielded stemjar results regardless of airborne
imager used. Improved spatial resolution allowstl@r spectrally unique areas to be resolved
and constrained better, while improved spectrablud®n allows for sub-classification of a
particular endmember with regards to minute difiees in the type, purity, composition, but
also illumination, imaging geometry and so on.

In the course of ImpactMin project, the intent ésrepeat this detectability threshold over
variety of sensing systems used and determine ai syfatial/spectral resolution the particular
target observable disappears or becomes enhandbdawiinflux of an additional data
element.
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Figure 25— Analysis of target detectability as a functidnspatial and spectral resolutiop:
important parameters in any data-integration (agthpom Smailbegovic, 2006).
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7. Conclusions

The imaging and analysis of environmental factetated to mineral extraction with airborne
HSI/GRS remote sensing is a complex task of resgltargets and observable characteristics
coupled with the inherent dimensionality of spdatica. Ultimately, the ability to resolve the
subtle indicators and clues is directly proportidoahe quality of data collected, but also the
premises and parameters determined in data acqgnisihd analysis. In conjunction with all
other available methods, the airborne spectral @nagields the highest score in the quantity
and usability of data collected. Furthermore, bygighe sheer quantity and redundancy of
HSI/GRS data, it is possible to increase the ledfeconfidence in target unmixing and
detection, reinforcing the advantage over othesisgnmethods in the terms of confidence,
time and overall cost effectiveness. Therefore, ditborne component fills the important
niche situated between in-situ measurements argkbpme sensing.

The main advantages of the airborne approach islfiigy to resolve the surface detail in
high spatial and spectral resolution, over reldyiwgide area and low-to-moderate overall
cost of acquisition. These qualities make it insmegly popular with the industry in

appraising mineralization potential of the areapety of surface cover, distribution of
pollutants, anomaly identification and search/recgy The spectral information provides a
fairly robust approach in extrapolating compositminthe particular imaged target and its
classification or isolation from the background.

The main disadvantages of the approach are thdreemgnts for nearly ideal acquisition
conditions: clear weather and abundant sunlighthigwerspectral and low/level-flight for
gamma ray sensors. The secondary disadvantagdsearelatively high cost of mobilization
and the amount of data generated that requiresasyable technical proficiency in analysis
and interpretation.

Some of these obstacles can be tackled by usingl mgthods in acquisition (e.g. use of
unmanned aircraft, smaller sensors etc.), but ialsupporting the airborne data with other
types of in-situ or satellite data to achieve battdibration, in-fill the coverage gaps, or most
importantly precisely target the airborne datalie areas where increased spatial/spectral
detail is required.

The study sites presented in this report presentideal testing ground in appraising
capabilities of an integrated airborne collectippraach with the other types of data because
of their environmental diversity, presence of mantr signatures characteristic of mineral
exploration and exploitation and different stragsgirequired or available to collect the
necessary information.
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