
Lecture 15 
 
Image Processing 
Geospatial Analysis 
 
Image processing and perception, as they relate to data mining, involve the analysis and interpretation 
of visual data (images and videos) to extract meaningful information and patterns for use in data-driven 
decision-making. This integration of image processing and perception with data mining has several 
applications across various domains. Here's an overview of how image processing and perception are 
relevant in data mining: 
 
1. Image Data as a Data Source: Images and videos are valuable sources of data, providing visual 
information that can be leveraged for analysis and insights. Image data can be used alongside structured 
and unstructured data, such as text or numerical data, to enrich the analysis. 
 
2. Data Preprocessing: Image processing techniques are used for data preprocessing, which includes 
tasks like noise reduction, image enhancement, and feature extraction. Preprocessing prepares image 
data for subsequent data mining and analysis. 
 
3. Object Detection and Recognition: Object detection and recognition involve identifying and locating 
specific objects or patterns within images. Data mining can be applied to the results of object detection 
for various purposes, such as tracking objects or recognizing patterns over time. 
 
4. Pattern Recognition: Image processing techniques, combined with machine learning, enable the 
recognition of complex patterns and objects in images. Pattern recognition can be used for tasks like 
facial recognition, handwriting recognition, and medical image analysis. 
 
5. Content-Based Image Retrieval: Content-based image retrieval (CBIR) involves searching for images 
based on their content, such as color, texture, or shape. CBIR is used in applications like image search 
engines and recommendation systems. 
 
6. Feature Extraction: Image processing is often used to extract relevant features from images, which 
can then be incorporated into data mining models. Feature extraction can include techniques like edge 
detection, texture analysis, and color histograms. 
 
7. Unstructured Data Mining: Image data often falls into the category of unstructured data, and data 
mining techniques can be used to extract insights and patterns from this unstructured visual information. 
 
8. Image Segmentation: Image segmentation involves dividing an image into meaningful regions or 
objects. Segmentation can be used to isolate specific areas of interest for further analysis. 
 
9. Medical Imaging: In the field of healthcare, image processing and perception are used for medical 
image analysis. This includes the diagnosis of diseases, tracking patient progress, and identifying 
anomalies in medical images. 
 
10. Autonomous Vehicles and Robotics: Image processing and perception play a crucial role in 
autonomous vehicles and robotics, allowing them to interpret visual data for navigation and decision-
making. 



11. Video Analytics: Video data is processed and analyzed to detect events, track objects, and extract 
information from surveillance footage. Video analytics has applications in security, retail, and traffic 
management. 
 
12. Real-World Data Integration: Image data is often integrated with other data sources (e.g., sensor 
data, text data) to provide a more comprehensive view of a situation or process. 
 
The integration of image processing and perception with data mining offers the opportunity to extract 
valuable insights from visual data, which can be used to enhance decision-making and gain a deeper 
understanding of complex real-world phenomena. This integration is especially relevant in fields where 
visual data is abundant, such as healthcare, manufacturing, and surveillance. 
 
Image preprocessing is a crucial step in image analysis and data mining. Preprocessing techniques are 
applied to enhance the quality of images, reduce noise, and extract relevant information. Here are some 
common preprocessing steps that images undergo before analysis: 
 
1. Resizing: Images may be resized to a consistent resolution or scale to facilitate analysis and to ensure 
compatibility with the processing pipeline. 
 
2. Grayscale Conversion: Converting color images to grayscale can simplify analysis, reduce data 
dimensionality, and remove color-related information when it's not needed. 
 
3. Noise Reduction: Noise, such as random variations in pixel intensity, can distort image features and 
impact analysis. Techniques like Gaussian filtering or median filtering are used to reduce noise. 
 
4. Contrast Enhancement: Adjusting the contrast of an image can improve the visibility of features. 
Histogram equalization or contrast stretching are methods used for this purpose. 
 
5. Edge Detection: Edge detection algorithms identify boundaries or transitions in the image, which can 
be important for feature extraction. Common edge detection methods include the Sobel operator and 
Canny edge detection. 
 
6. Image Normalization: Normalization techniques are used to standardize the intensity levels of pixels. 
This helps in making images more consistent for analysis. 
 
7. Image Segmentation: Image segmentation divides an image into regions or objects of interest. This is 
often a necessary step before analyzing specific regions in an image. 
 
8. Feature Extraction: Feature extraction methods are used to identify and extract relevant information 
or features from images. These features can include texture, color, shape, and more. 
 
9. Morphological Operations: Morphological operations, such as erosion and dilation, are used to 
process and manipulate the shape and structure of objects in an image. 
 
10. Image Registration: In applications involving multiple images, image registration aligns images from 
different sources or times to enable comparative analysis. 
 



11. Removal of Artifacts: Artifacts, such as lens flare, scratches, or unwanted objects, may need to be 
removed from images to prevent them from interfering with analysis. 
 
12. Data Normalization: Normalizing the pixel values to a consistent range, often between 0 and 1 or -1 
and 1, can help in standardizing images for further analysis. 
 
13. Color Space Conversion: For color images, conversion between color spaces (e.g., RGB, HSL, HSV) 
may be performed to better isolate specific color information or enhance image analysis. 
 
14. Geometric Transformations: Transformations like rotation, scaling, and cropping can be applied to 
images to correct alignment or focus on regions of interest. 
 
15. Removal of Irrelevant Data: In some cases, irrelevant or redundant parts of an image may be 
cropped or removed to focus on the areas of interest. 
 
16. Data Augmentation: In machine learning applications, data augmentation techniques can be applied 
to artificially increase the size of the dataset by generating variations of images through operations like 
rotation, translation, and flipping. 
 
The choice of preprocessing techniques depends on the specific goals of the image analysis, the nature 
of the data, and the characteristics of the images. Proper preprocessing is essential to ensure that the 
input data for image analysis is clean, consistent, and suitable for the desired tasks. 
 
R provides several packages that can be used for image processing and mining. These packages offer a 
wide range of capabilities for reading, manipulating, analyzing, and mining image data. Here are some 
popular R packages for image processing and mining: 
 
EBImage: EBImage is an image processing and analysis toolbox for R. It provides tools for reading, 
processing, and analyzing images. It also includes functions for image segmentation and feature 
extraction. 
 
imager: The imager package is a versatile package for image processing. It offers functions for image 
filtering, transformation, manipulation, and visualization. It also supports multi-spectral images and 
hyperspectral data. 
 
magick: The magick package allows you to work with images, including reading and writing various 
image formats, resizing, and manipulating images. It interfaces with the ImageMagick library. 
 
OpenImageR: OpenImageR is designed for image analysis, feature extraction, and pattern recognition. It 
provides a wide range of functions for segmentation, object detection, and image classification. 
 
Bioconductor Packages: The Bioconductor project offers several packages for image analysis in the 
context of biological and biomedical research. Packages like EBImage, BioimageR, and bioimagetools are 
commonly used for these purposes. 
 
imagerExtra: imagerExtra extends the functionality of the imager package by providing additional filters 
and transformations for image processing. 
 



raster: The raster package is primarily used for working with geospatial data, including images. It can 
handle large geospatial datasets, perform raster calculations, and process satellite imagery. 
 
tuneR: While primarily focused on audio, the tuneR package can be used for analyzing and processing 
spectrogram images, which are common in audio analysis. 
 
EBSeq: Although originally designed for RNA-seq analysis, the EBSeq package includes functions for 
differential expression analysis in RNA-seq data that involve image processing, visualization, and data 
mining. 
 
RImagePalette: RImagePalette is a package for analyzing and extracting dominant color palettes from 
images. 
 
Momocs: Momocs is used for morphometrics and shape analysis of biological shapes, making it suitable 
for processing and analyzing images of biological specimens. 
 
Tesseract: Tesseract is an OCR (Optical Character Recognition) engine that can be used to extract text 
from images. The R package provides an interface to Tesseract for text mining applications. 
 
These packages cover a range of image-related tasks, from basic image manipulation to advanced image 
analysis, making R a versatile platform for image processing and mining. The choice of package depends 
on the specific requirements of your image analysis tasks. 
 
Geospatial features, which are features related to geographic location, play a crucial role in data mining 
across various domains, from urban planning and environmental monitoring to logistics, marketing, and 
more. Geospatial features are used to extract valuable insights and patterns from spatial data. Here are 
some ways geospatial features are used in data mining: 
 
Location-Based Recommendation: Geospatial features are used in recommendation systems to provide 
location-based recommendations to users. For example, in a mobile app, users can receive 
recommendations for nearby restaurants, shops, or events based on their current location. 
 
Geospatial Clustering: Clustering algorithms are applied to geospatial data to group similar locations 
together. This is valuable for segmenting geographical regions, identifying hotspots of activity, or creating 
location-based marketing strategies. 
 
Spatial Analysis: Geospatial features are essential for spatial analysis, such as identifying spatial 
autocorrelation, clusters of events, or spatial outliers. Techniques like Moran's I and the Getis-Ord Gi* 
statistic are used for such analyses. 
 
Location Intelligence: Location intelligence platforms use geospatial features to analyze and visualize data 
on maps. This aids decision-makers in understanding spatial patterns, resource allocation, and market 
planning. 
 
Geospatial Data Integration: Geospatial data is integrated with other data sources to enhance analysis. 
For example, overlaying crime data on a map can help law enforcement identify crime hotspots and 
allocate resources accordingly. 
 



Routing and Navigation: Geospatial features are used in routing and navigation applications. Algorithms 
calculate the best routes based on location data, traffic conditions, and user preferences. 
 
Urban Planning: Geospatial data is crucial for urban planners to understand population density, 
infrastructure needs, traffic flow, and land use. It informs decisions about zoning, transportation, and 
public services. 
 
Environmental Monitoring: Geospatial data is used in environmental sciences to track and analyze 
natural events and their effects. For example, satellite data can be used to monitor deforestation, climate 
change, or natural disasters. 
 
Supply Chain Optimization: Geospatial features help optimize the supply chain by determining optimal 
locations for warehouses, distribution centers, and retail outlets. It also assists in route planning for 
deliveries. 
 
Marketing and Geotargeting: Geospatial features enable businesses to target their marketing efforts 
based on a user's location. For instance, retailers can send mobile offers to users when they enter a 
specific geographic area. 
 
Social Network Analysis: In social network analysis, geospatial features help researchers understand how 
people are connected in a geographic context. They can identify communities, influencers, and patterns 
of social interaction. 
 
Public Health: Geospatial features play a role in public health by tracking disease outbreaks, monitoring 
healthcare access, and assessing the impact of environmental factors on health outcomes. 
 
Natural Resource Management: Geospatial data is crucial for managing natural resources like water, 
forests, and minerals. It helps in monitoring resource depletion, conservation efforts, and sustainable 
management. 
 
Real Estate and Property Valuation: Geospatial features are used in real estate to estimate property 
values based on factors like location, proximity to amenities, and neighborhood characteristics. 
 
Geospatial features provide a spatial context that can unlock valuable insights from data. When 
combined with data mining techniques, they help businesses and organizations make more informed 
decisions and improve operations in various domains. 
 
Resources: 

1. https://dahtah.github.io/imager/imager.html 
2. https://www.datanovia.com/en/blog/easy-image-processing-in-r-using-the-magick-package/ 
3. https://www.bioconductor.org/help/course-materials/2015/BioC2015/BioC2015Oles.html#1 
4. https://r-charts.com/miscellaneous/image-processing-magick/ 
5. https://towardsdatascience.com/advanced-image-processing-in-r-210618ab128a 
6. https://medium.com/@jchen001/6-r-packages-for-image-processing-b9cefbb4ecd7 
7. https://aspire.unm.edu/resources/modules-documents/introduction-to-image-processing-in-

r.html 
8. https://rspatial.org/ 

https://dahtah.github.io/imager/imager.html
https://www.datanovia.com/en/blog/easy-image-processing-in-r-using-the-magick-package/
https://www.bioconductor.org/help/course-materials/2015/BioC2015/BioC2015Oles.html#1
https://r-charts.com/miscellaneous/image-processing-magick/
https://towardsdatascience.com/advanced-image-processing-in-r-210618ab128a
https://medium.com/@jchen001/6-r-packages-for-image-processing-b9cefbb4ecd7
https://aspire.unm.edu/resources/modules-documents/introduction-to-image-processing-in-r.html
https://aspire.unm.edu/resources/modules-documents/introduction-to-image-processing-in-r.html
https://rspatial.org/


9. https://medium.com/@jesus.cantu217/exploring-spatial-analysis-with-r-unleashing-the-power-
of-geospatial-data-fb9f9505c3e2 

10. https://ourcodingclub.github.io/tutorials/spatial/ 
11. https://www.spatialanalysisonline.com/An%20Introduction%20to%20Spatial%20Data%20Analysi

s%20in%20R.pdf 
12. https://www.gislounge.com/r-packages-for-spatial-analysis/ 
13. https://pjbartlein.github.io/REarthSysSci/geospatial.html 

 
Some supplemental material on Spatial Statistics and finding them in R are available here: 
https://www.betsymccall.net/prof/courses/fall23/daemen/324notes_supp1.pdf 
https://www.betsymccall.net/prof/courses/fall23/daemen/324lab_opt1.pdf 
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