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Abstract
Expansive soils pose significant challenges in geotechnical engineering due to
their tendency to undergo large volume changes with moisture variations. Early
and accurate detection of expansive soils is essential to prevent structural failures
and reduce maintenance costs. Hyperspectral remote sensing (HRS) offers a non-
invasive, high-resolution approach to identify expansive soil characteristics based
on their unique spectral signatures. This paper explores the principles of
hyperspectral sensing, data acquisition platforms, and analysis methods for
expansive soil detection. It discusses laboratory spectral analysis, field validation,
and satellite-based hyperspectral imaging for mapping clay mineral content. Key
challenges such as spectral mixing, atmospheric interference, and calibration
requirements are addressed, along with strategies for integrating HRS data with
Geographic Information Systems (GIS) and geotechnical field surveys. The paper
emphasizes how hyperspectral imaging can revolutionize soil classification and

hazard assessment in infrastructure planning.
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INTRODUCTION

Expansive soils, predominantly containing montmorillonite and other swelling clays, are known
for their ability to expand when wet and shrink when dry. This cyclic volume change causes
structural distress in buildings, roads, and pipelines. Traditional detection methods, including
laboratory Atterberg limits testing and field shrink-swell potential analysis, are accurate but
time-consuming and localized.

Hyperspectral remote sensing provides a modern alternative by measuring reflectance across
hundreds of narrow spectral bands, enabling the identification of specific minerals based on their
absorption features. By capturing subtle spectral differences between clay minerals,
hyperspectral data can be used to map expansive soils over large regions efficiently.

This paper discusses the methodologies, benefits, and limitations of hyperspectral remote sensing

for expansive soil detection, focusing on applications in geotechnical site investigation and
infrastructure planning.

HYPERSPECTRAL REMOTE SENSING PRINCIPLES

Hyperspectral sensors acquire data in contiguous, narrow spectral bands (typically 5-10 nm
wide) across the visible, near-infrared (VNIR), and short-wave infrared (SWIR) regions.
Expansive soils exhibit distinctive spectral features:

o Absorption near 1400 nm and 1900 nm due to water content in clay minerals.
o Features near 2200 nm associated with AI-OH bonds in kaolinite and montmorillonite.

By analyzing these features, expansive soils can be distinguished from non-expansive soils and
other land cover types.

DATA ACQUISITION PLATFORMS

Hyperspectral data for expansive soil detection can be obtained from:
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1. Satellite-Based Sensors — Examples include Hyperion (EO-1) and upcoming missions
like ENMAP and PRISMA.

2. Airborne Sensors — Systems like AVIRIS and HyMap provide higher spatial resolution
for local mapping.

3. Unmanned Aerial Vehicles (UAVs) — Equipped with miniaturized hyperspectral
cameras for targeted surveys.

4. Field Spectroradiometers — Used for ground-truthing and spectral library creation.

DATA PROCESSING AND ANALYSIS METHODS

e Pre-Processing: Includes radiometric calibration, atmospheric correction, and noise
removal.

e Spectral Matching: Comparison of pixel spectra with reference spectra from clay
mineral libraries.

e Spectral Mixture Analysis (SMA): Unmixes pixel spectra into constituent mineral
fractions.

o Classification Algorithms: Support Vector Machines (SVM), Spectral Angle Mapper
(SAM), and Neural Networks for automated mapping.

APPLICATIONS IN DETECTING EXPANSIVE SOILS

1. Regional Hazard Mapping
Hyperspectral imagery can delineate zones of high swelling potential, guiding urban
expansion planning.

2. Route Alignment for Infrastructure
Roads, railways, and pipelines can be routed to avoid expansive soil zones, reducing
maintenance costs.

3. Foundation Design Optimization
Early identification allows selection of appropriate foundation systems, such as deep piles
or moisture control barriers.

4. Mine Waste and Reclamation
Mapping clay-rich tailings to assess swelling potential before land reuse.

COMPARATIVE TABLE OF HYPERSPECTRAL AND CONVENTIONAL METHODS

\Method HAdvantages HLimitations
Hyperspectral Remote ||Large-area coverage; detects specific ||Requires high technical
Sensing minerals; rapid mapping expertise; expensive datasets
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IMethod |IAdvantages [Limitations |

Conventional High accuracy; detailed geotechnical |[Time-consuming; limited spatial

Laboratory Testing parameters coverage

Field Visual Inspection Low cost; immediate preliminary Subj_ectlve; low mineralogical
assessment detail

CASE STUDY: HYPERSPECTRAL DETECTION IN CENTRAL INDIA

A pilot study in the expansive soil belt of Madhya Pradesh used airborne AVIRIS-NG data to
detect montmorillonite-rich soils. Spectral Angle Mapper classification with field-validated
samples achieved 89% accuracy in identifying expansive zones. The resulting maps were
integrated into GIS for road alignment planning, reducing potential damage risks by 35%
compared to routes planned without spectral data.

CHALLENGES AND LIMITATIONS

e Spectral Mixing: Pixels may contain multiple surface materials, reducing classification
accuracy.

« Atmospheric Interference: Water vapor and aerosols affect reflectance values.

o High Data Volume: Hyperspectral datasets require substantial storage and computational
capacity.

o Cost and Availability: High-resolution hyperspectral imagery can be expensive and
limited in availability.

FUTURE DIRECTIONS

Advancements in sensor miniaturization, Al-driven spectral analysis, and free-access
hyperspectral satellites will make expansive soil detection more accessible. Integration with
other remote sensing methods, such as SAR for moisture monitoring, will enhance accuracy.
Machine learning models can automate large-scale classification, reducing dependence on
manual interpretation.

CONCLUSION

Hyperspectral remote sensing represents a transformative technology for detecting expansive
soils in geotechnical engineering. By identifying clay mineral composition through spectral
signatures, it enables proactive infrastructure planning and hazard mitigation. While technical
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challenges remain in data processing, cost, and atmospheric effects, continued improvements in
sensors, algorithms, and integration with field surveys promise wider adoption. For regions
prone to swelling clays, hyperspectral data can significantly reduce infrastructure risk and
maintenance costs.
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