
Chapter 3: Satellite Image Processing

Introduction
Satellite image processing is a fundamental component of Geo-Informatics that
deals with the acquisition, enhancement, analysis, and interpretation of imagery
obtained from remote sensing satellites. This chapter explores how raw satellite
data is converted into valuable information for applications in urban planning,
environmental monitoring, agriculture, disaster management, and infrastructure
development. The accuracy and usefulness of satellite data depend heavily on sys-
tematic image processing techniques, making this chapter vital for understanding
the scientific and practical foundations of Geo-Informatics.

3.1 Types of Satellite Sensors and Imagery
3.1.1 Passive and Active Sensors

• Passive Sensors: Rely on natural radiation (e.g., sunlight). Examples
include optical and thermal infrared sensors.

• Active Sensors: Emit their own signals and measure the reflection.
Examples include Synthetic Aperture Radar (SAR) and LiDAR.

3.1.2 Multispectral and Hyperspectral Imagery

• Multispectral Imagery: Captures data in 3 to 10 spectral bands. Ex-
ample: Landsat.

• Hyperspectral Imagery: Captures data in hundreds of contiguous bands,
enabling detailed material identification. Example: Hyperion.

3.1.3 Panchromatic Imagery

• High-resolution, single-band imagery in black and white, often used for
enhancing spatial resolution through pan-sharpening.

3.2 Image Acquisition and Preprocessing
3.2.1 Radiometric Correction

• Correction of sensor irregularities and atmospheric interference.
• Converts raw Digital Numbers (DN) into calibrated reflectance values.
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3.2.2 Geometric Correction

• Aligns satellite images to real-world coordinates.
• Involves Ground Control Points (GCPs) and resampling techniques such

as nearest neighbor, bilinear interpolation, and cubic convolution.

3.2.3 Atmospheric Correction

• Eliminates effects of atmospheric scattering and absorption.
• Common methods: Dark Object Subtraction (DOS), Fast Line-of-sight

Atmospheric Analysis of Spectral Hypercubes (FLAASH).

3.2.4 Noise Reduction

• Filters used to remove random or systematic noise.
• Spatial filtering techniques like Median, Gaussian, and Low-pass filters are

employed.

3.3 Image Enhancement Techniques
3.3.1 Contrast Stretching

• Linear or nonlinear methods used to enhance image contrast.
• Histogram equalization is a common technique.

3.3.2 Spatial Filtering

• Employed to highlight specific features (edges, lines).
• High-pass filters emphasize edges, while low-pass filters smooth the image.

3.3.3 Band Ratioing

• Enhances specific features by dividing one spectral band by another (e.g.,
NDVI for vegetation).

3.3.4 Principal Component Analysis (PCA)

• Reduces dimensionality and redundancy in multispectral data.
• Highlights variations among land cover types.

3.4 Image Transformation and Fusion
3.4.1 Image Fusion

• Combines data from multiple sensors (e.g., panchromatic + multispectral)
to produce a high-resolution image.
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• Techniques: Intensity-Hue-Saturation (IHS), Principal Component Substi-
tution (PCS), Brovey Transform.

3.4.2 Vegetation and Water Indices

• NDVI (Normalized Difference Vegetation Index): Uses NIR and Red
bands.

• NDWI (Normalized Difference Water Index): Differentiates water bodies
from other land covers.

3.4.3 Tasseled Cap Transformation

• Transforms multispectral data into new components like brightness, green-
ness, and wetness.

3.5 Image Classification Techniques
3.5.1 Supervised Classification

• Involves user-defined training data.
• Algorithms: Maximum Likelihood, Support Vector Machines (SVM), Ran-

dom Forest.

3.5.2 Unsupervised Classification

• Clustering-based technique using algorithms like K-means or ISODATA.
• No prior training data required.

3.5.3 Object-Based Image Analysis (OBIA)

• Segments the image into meaningful objects before classification.
• Useful for high-resolution imagery.

3.6 Accuracy Assessment and Validation
3.6.1 Confusion Matrix

• A table used to compare classified data with reference data.
• Key metrics: Overall Accuracy, User's Accuracy, Producer's Accuracy,

Kappa Coefficient.

3.6.2 Ground Truthing

• Field survey data used to validate classification results.
• Involves GPS-based data collection and visual interpretation.
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3.7 Change Detection and Time-Series Analysis
3.7.1 Change Detection Techniques

• Post-classification Comparison: Compares classified images from two
different dates.

• Image Differencing: Subtracts pixel values from two temporal images.
• Change Vector Analysis (CVA): Detects magnitude and direction of

change.

3.7.2 Time-Series Analysis

• Tracks land cover or vegetation changes over time using a sequence of
satellite images.

• Enables trend analysis and anomaly detection.

3.8 Data Formats, Compression, and Storage
3.8.1 Raster Image Formats

• GeoTIFF, IMG, HDF, NetCDF formats.
• Geo-referencing and metadata embedded.

3.8.2 Compression Techniques

• Lossless (e.g., LZW, DEFLATE) and lossy (e.g., JPEG 2000) compression.
• Trade-offs between storage size and image quality.

3.8.3 Data Storage and Management

• Use of spatial databases and cloud storage solutions for big image datasets.
• Integration with GIS platforms for visualization and analysis.

3.9 Software Tools for Satellite Image Processing
3.9.1 Open-source Tools

• QGIS with plugins like SCP (Semi-Automatic Classification Plugin)
• SNAP (Sentinel Application Platform)
• Google Earth Engine – Cloud-based processing
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3.9.2 Commercial Tools

• ERDAS Imagine
• ENVI
• ArcGIS Pro with Image Analyst Extension

3.9.3 Programming Libraries

• Python: rasterio, GDAL, scikit-image, NumPy
• R: raster, rgdal, sp, terra

3.10 Applications in Civil Engineering
3.10.1 Land Use and Land Cover Mapping

• Supports urban planning, zoning, and land management.

3.10.2 Infrastructure Development

• Site suitability analysis for roads, bridges, and buildings using terrain and
land use data.

3.10.3 Disaster Monitoring

• Satellite images help assess damage and monitor floods, landslides, and
earthquakes in near-real-time.

3.10.4 Environmental Impact Assessment

• Monitors pollution, deforestation, and land degradation over time.

3.10.5 Hydrological Modeling

• Provides data on catchments, reservoirs, and river basins through satellite-
derived inputs like NDWI, rainfall, and vegetation cover.

Certainly! Here's expanded content after Section 3.10 of Chapter 3: Satellite
Image Processing, adding relevant advanced and applied topics while maintaining
flow and technical depth suitable for a B.Tech Civil Engineering elective in
Geo-Informatics.
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3.11 Advanced Processing Techniques
3.11.1 Machine Learning in Image Classification

• Integration of AI and ML: Modern satellite image classification in-
creasingly uses machine learning algorithms like Support Vector Machines
(SVM), Random Forests, Gradient Boosting, and Neural Networks for
high-accuracy results.

• Deep Learning: Convolutional Neural Networks (CNNs) are applied
to extract complex spatial patterns and spectral signatures, especially in
urban mapping and damage detection.

• Training Dataset Challenges: The success of these models depends on
the availability of large, well-labeled datasets for training.

3.11.2 Cloud-Based Image Processing

• Google Earth Engine (GEE): Enables large-scale image processing and
temporal analysis using Google’s cloud infrastructure.

• Advantages: Eliminates local storage issues, provides instant access
to petabytes of satellite data (Landsat, MODIS, Sentinel), and allows
real-time application development.

• Applications: Real-time drought monitoring, crop yield prediction, air
quality mapping, and forest cover change detection.

3.12 Integration with GIS and Other Datasets
3.12.1 GIS Overlay and Spatial Analysis

• Satellite imagery can be integrated with vector datasets (roads, rivers,
parcels) in a GIS environment to perform spatial queries, buffer analysis,
and proximity mapping.

• Example: Analyzing the impact of urban expansion on water bodies by
overlaying classified satellite images with hydrological layers.

3.12.2 Integration with Survey Data

• High-resolution satellite images can be combined with GPS and Total
Station survey data for improved accuracy in terrain modeling and cadastral
mapping.

• Used in digital elevation model (DEM) validation and utility mapping for
infrastructure projects.
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3.13 3D Visualization and Terrain Modeling
3.13.1 Digital Elevation Models (DEMs)

• Derived from stereo-pairs or radar data (e.g., SRTM, ASTER, CartoDEM).
• Useful for slope, aspect, and watershed analysis in civil engineering.

3.13.2 3D City Models

• Satellite imagery combined with LiDAR or photogrammetric techniques
can generate realistic 3D cityscapes.

• Applications include urban simulation, visibility analysis, skyline studies,
and utility planning.

3.13.3 Viewshed and Line-of-Sight Analysis

• Crucial for telecom tower planning, wind farm siting, and infrastructure
design in hilly regions.

3.14 Real-Time Monitoring and Alert Systems
3.14.1 Near-Real-Time Disaster Alerts

• Earth observation platforms like Sentinel-1 and MODIS provide low-latency
data useful for flood mapping, wildfire detection, and landslide risk assess-
ment.

• Integration with IoT and on-ground sensors enhances early warning sys-
tems.

3.14.2 Smart Cities and Urban Monitoring

• Continuous monitoring of urban expansion, traffic patterns, and green
space changes using high-resolution satellite data.

• Data supports municipal planning, infrastructure upgrades, and pollution
tracking.

3.15 Legal, Ethical, and Data Policy Considerations
3.15.1 Data Licensing and Usage

• Differentiation between open-source data (Landsat, Sentinel) and commer-
cial data (WorldView, QuickBird).

• Compliance with licensing regulations, especially for commercial or pub-
lished use.
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3.15.2 Privacy and Surveillance Concerns

• High-resolution imagery (sub-meter level) can raise privacy and security
issues, especially in sensitive zones.

• Guidelines are issued by national remote sensing authorities (e.g., NRSC,
USGS).

3.15.3 Ethical Use of AI in Remote Sensing

• Algorithmic transparency and fairness are important when using AI for
monitoring land use or socio-political landscapes.

3.16 Challenges and Future Trends
3.16.1 Challenges

• Data Overload: Handling, storing, and processing multi-temporal and
multi-resolution data remains a challenge.

• Accuracy vs. Resolution: High-resolution data provides detail but is
expensive and computationally intensive.

• Weather Dependency: Optical data is affected by cloud cover; radar
can compensate but has interpretation complexity.

3.16.2 Future Trends

• Integration of UAV (Drone) Data with Satellite Imagery: To
enhance spatial and temporal resolution.

• Edge Computing and Real-time AI: Real-time onboard analysis on
satellites and drones for time-sensitive missions.

• Global Monitoring Platforms: Increase in public-private partnerships
offering real-time, global monitoring services for governments and infras-
tructure developers.
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