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Understanding the Next Generation
of Spectral Analysis Technology
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INTRODUCTION

Although hyperspectral analysis technology has existed for over thirty years,
realizing the extent of its benefits has not been practical for many within

the mineral exploration industry. Technical barriers, such as high costs and
enormous processing demands for expansive datasets, have prevented broad
adoption. With advancements in sensing technology, computing capabilities, and
processing techniques, hyperspectral data has become more widely adopted
across the industry. Handheld spectrometers, core scanning, and airborne
hyperspectral sensors have become an industry standard when working in the
right terrains and deposit types. With the next generation of satellites launched
with high-quality hyperspectral sensors, exploration teams can now apply this
technology from space.

Technology challenges remain. Hundreds more

spectral bands mean much larger datasets, requiring This ebook serves as a guide to hyperspectral
specialized processing techniques that are often satellite imaging for alteration mineral targeting
expensive. However, advancements in processing and explores the differences between this newly
methods, such as deep learning algorithms, have available technology and well-established and
helped improve results, reduce costs, and speed up widely adopted multispectral sensors, such
processing times. as ASTER.
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Understanding the Key Differences
Between Multispectral and
Hyperspectral Analysis

Spectral Analysis and the Rise of Multispectral Imaging

Although the human eye is a natural spectrometer, detecting various wavelengths within the visible range of the
electromagnetic spectrum, it took many centuries to discover and apply the insights beyond visible light.

Spectral analysis detects different materials (in this case, minerals) by the amount of energy they absorb or
reflect at specific wavelengths along the electromagnetic spectrum. Multispectral analysis is defined as anything
more than three bands, but most multispectral satellites can detect between 8 and 16 spectral bands, depending
on the satellite.

Over the past several decades, multispectral analysis has become a staple of alteration mineral mapping,
primarily available through the ASTER (Advanced Spaceborne Thermal Emission and Reflection Radiometer) and
WorldView-3 satellites.

Multispectral analysis employs specialized cameras equipped with multiple sensors to capture images across
distinct wavelength ranges of the electromagnetic spectrum, often extending beyond visible light. Each sensor or
filter isolates a specific band of light, which materials reflect or absorb differently. By combining these “layers”
of information, analysts can detect patterns, identify hidden details about an object's composition, and generate
quantitative metrics like the Normalized Difference Vegetation Index (NDVI).

+ HYPERSPECTRAL
. SENSOR

SPECTRA OF TARGET AREA
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Hyperspectral Imaging for Satellite
Remote Sensing

What is Hyperspectral Imaging?
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Spectral imaging employs specialized cameras or sensors, known as spectrometers, to detect wavelengths within and
outside of the visible light spectrum. Hyperspectral imaging is a leap forward in spectroscopy. It captures hundreds of
continuous and narrow wavelength bands, whereas multispectral imaging typically detects only a dozen or so bands.

A hyperspectral camera captures light from a scene by breaking it down into individual wavelengths, resulting in
a two-dimensional image with spectral information for each pixel. Each pixel in a hyperspectral image corresponds
to a unique spectrum, akin to fingerprints. Since materials interact with light differently, their spectral signatures
vary. These spectra can be used to identify and quantify materials within the scene, such as minerals or vegetation.

Hyperspectral satellite imaging is an advanced remote sensing technology that can detect and analyze hundreds
of continuous electromagnetic spectrum (EMS) bands across a wide range of wavelengths. Unlike traditional
multispectral imaging systems, which typically operate in only a few broad spectral bands, hyperspectral
sensors collect data in hundreds or even thousands of narrow, contiguous spectral bands. This detailed spectral
information allows for a more precise characterization of materials on the Earth's surface, providing insights into
chemical composition, mineralogy, vegetation, and more.

Hyperspectral analysis captures detailed spectral information by imaging objects or scenes across numerous
narrow, continuous spectral bands. This data is then translated to surface reflectance to produce a “data cube”
where each pixel contains a unique spectral “fingerprint” of the material. Specialized software then employs
algorithms to analyze these spectral signatures, extracting specific information, identifying substances, and
mapping properties. In other words, with hyperspectral imaging and analysis, we only need one pixel to determine
the potential presence of alteration minerals, but with multispectral imaging, we would need to analyze many
pixels to make the same determination.
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Spatial Versus Spectral Resolution

SPECTROMETER

Spatial resolution and spectral resolution are essential concepts in remote sensing.

Spatial resolution pertains to the level of detail in an image, determined by the size and number of pixels.
Higher spatial resolution means that each pixel represents a smaller area on the ground, leading to more
precise and detailed images.

Spectral resolution relates to a sensor’s ability to differentiate between narrow wavelength intervals
of electromagnetic radiation. A sensor with high spectral resolution can capture more bands within
the electromagnetic spectrum, allowing it to detect subtle variations in materials based on their
spectral signatures.

While multispectral sensors typically capture data in a limited number of broad bands, hyperspectral
sensors gather information across hundreds of contiguous spectral bands.

Data users must know the tradeoffs between spatial resolution, spectral resolution, signal-to-noise,
swath size, and data size. Sometimes, hyperspectral satellites may have a lower or equal spatial
resolution than multispectral satellites. However, the higher spectral resolution means that each
pixel contains much more information, which means that minerals can be identified with much
higher confidence.
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SIDEBAR:

Data Cubes and Hyperspectral

Data Processing

A hyperspectral data cube is a sophisticated three-
dimensional dataset that integrates spatial (x,y) and
spectral (z) information, providing a comprehensive
view of the sampled environment. Each pixel within
a scene captures a continuous spectrum of light
intensities across a wide range of wavelengths,
often numbering in the hundreds. This rich spectral
information serves as a unique fingerprint for
identifying various materials. In exploration geology,
many more alteration minerals can be accurately
discerned, leading to more informed decisions
regarding mineral exploration.

MULTISPECTRAL

HYPERSPECTRAL

Processing hyperspectral imaging data for alteration
mineral mapping is a multi-step workflow designed to
transform raw spectral data into detailed geological
information, significantly advancing over traditional,
labour-intensive fieldwork. The process begins

with crucial preprocessing, including radiometric
calibration to convert sensor readings into
standardized radiance units and top of atmosphere
reflectance, followed by atmospheric corrections that
remove interference from water vapour and aerosols.

Geometric corrections are then applied to align the
data precisely with real-world geographic coordinates
and topographic elevation models. With the clean data
in the form of a data cube, dimensionality reduction is
often performed to manage the immense data volume,
with techniques like Principal Component Analysis
(PCA) or Minimum Noise Fraction (MNF) used to
isolate the most informative spectral bands, focusing
on the short-wave infrared (SWIR) region where many
alteration minerals exhibit unique spectral features
(Living Optics, 2025).

However, the most critical step for mineral
mapping is spectral or pixel unmixing, an advanced
analytical technique used because individual pixels
in a hyperspectral image often represent a mix of
multiple minerals, especially in complex geological
environments. Pixel unmixing mathematically
decomposes the spectrum of a mixed pixel into

its constituent “endmembers”—the pure spectral
signatures of individual minerals—and calculates
the fractional abundance of each endmember within
that pixel (Amigo, 2020). Geologists can identify
and map the alteration zones that indicate potential
ore deposits by determining the proportion and
distribution of key alteration minerals like clays,
sulphates, and carbonates.

The final stage involves converting these fractional
abundance maps into actionable information
through classification and visualization. This process
provides geologists with a spatially accurate and
qguantitative assessment of mineralogy, which
helps identify promising targets and optimize
exploration programs.

@ pHoTOSAT
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The Possibilities of Hyperspectral Satellite
Imaging in Alteration Mapping

What exactly are the benefits of hyperspectral satellite imaging when applied to
alteration mapping? In short, the next generation of spectral satellite sensors
can be used to extract far more relevant geological information with much
greater accuracy, which leads to better data-driven exploration decision-making
compared to past multispectral solutions.

PhotoSat's multispectral regional alteration mapping product using the ASTER sensor can identify eight distinct
minerals. In contrast, our new Hyperspectral Exploration Targeting solution (more on this below) can currently
identify more than twice the number of minerals with much greater accuracy and reliability.

While multispectral satellite imaging offers an excellent overview suitable for basic alteration mapping,
hyperspectral imaging allows for extracting much more geological information to identify exploration targets that
others have overlooked.

Importantly, with hyperspectral data multiple minerals within the same pixel can be identified, and minerals can
be identified even when the pixel is majority vegetation (mixed vegetation and mineral signature), which is not
the case with multispectral data where nearly bare ground is necessary for positive identification.

MULTISPECTRAL HYPERSPECTRAL

N = I N BN = . -_—

Cannot confidently identify minerals when High spectral resolution means minerals
signatures are intensely mixed. can be identified with higher confidence

even when signatures are intensely mixed.

Can often identify
multiple signatures
per pixel when mixed.

Mineral identification
often limited by
intense mixing.
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PhotoSat’'s New Hyperspectral Exploration
Mineral Targeting Solutions

PhotoSat has developed new alteration mineral targeting solutions that use true
hyperspectral satellite data. These products combine the benefits of various
multispectral and hyperspectral satellite sensors with PhotoSat’s extensive
experience producing alteration mineral mapping solutions powered by
proprietary deep-learning algorithms.

Hyperspectral datasets processed with PhotoSat’s proprietary deep learning models support exploration projects by
mapping more minerals, relative abundances, and changes in mineral compositions/crystallinities to identify alteration
patterns overlooked with traditional multispectral datasets.

Key benefits of the hyperspectral alteration products include:

- Mapping more key alteration minerals such as pyrophyllite, muscovite, and illite

- Differentiating compositions and crystallinities of minerals such as K-alunite vs Na-alunite or high-Al
Muscovite vs low-Al muscovite

- Detecting subtle subpixel alteration signatures using advanced deep learning models, which improve accuracy
and reduce false positives

- The ability to map relative abundances of minerals allowing for the development of better exploration targets

- Compelling visuals that aid in building a complete ore deposit model story for investors, executives, and
other stakeholders

These new products are the “next generation” of satellite alteration mapping, which use hyperspectral data to
improve on the capabilities of traditional multispectral datasets such as ASTER.
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Regional Hyperspectral Exploration Targeting (R-HET)

Hyperspectral satellite analysis is entirely remote and can cover vast areas, making it a cost-effective solution
for regional exploration. This first new offering from PhotoSat incorporates hyperspectral satellite data into our
proprietary deep-learning models to produce high-quality regional datasets to support better data-driven project
generation. PhotoSat’s R-HET is an evolution of the traditional ASTER regional alteration mapping solution.

Property Hyperspectral Exploration Targeting (P-HET)

Expected to launch in 2026, PhotoSat is also developing a property-scale hyperspectral offering utilizing
PhotoSat's new hyperspectral deep-learning models to provide the same benefits as the regional product but
at much higher spatial resolutions, for application in smaller-scale areas (exploration properties). Using
high-spatial resolution will allow for finer features to be identified, facilitating better use in the field to identify
minerals in outcroppings. This data will help geologists generate targets for field work. All functionalities
associated with the regional product should also apply to the property-scale product.
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Advancing Mineral Exploration with
Hyperspectral Imaging

With the ability to capture and analyze hundreds of spectral bands, hyperspectral
imaging offers unprecedented geological insights not possible with multispectral
data, enabling geologists to make more informed exploration decisions. As the
mining industry embraces these technological advancements, the potential

for discovering new deposits and optimizing exploration strategies becomes
significantly more promising.

PhotoSat is a trusted partner supporting safe and responsible mining projects worldwide. With over 200 years
of combined engineering, geology, and geophysics expertise, PhotoSat offers innovative solutions that span
exploration to closure. PhotoSat is the leading expert in satellite solutions produced using proprietary software
and deep-learning models designed and tested for optical satellite data.
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