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Professional Certificate in AI Applications in Forensic Analysis

Computer Vision and Image Analysis

Computer Vision and Image Analysis are crucial components of Artificial Intelligence (AI) with a wide range
of applications in forensic analysis. This explanation will cover key terms and vocabulary related to
Computer Vision and Image Analysis in the context of the Professional Certificate in AI Applications in
Forensic Analysis.

1. Image - an image is a two-dimensional representation of a scene or object, consisting of pixels arranged
in a grid.
2. Pixel - the smallest unit of an image, representing a single color value.
3. Digital Image - a digitized representation of an image, consisting of a grid of pixels, each with a specific
color value.
4. Resolution - the number of pixels in an image, usually expressed as the width and height in pixels.
5. Color Depth - the amount of data used to represent the color of each pixel, usually expressed in bits per
pixel (bpp).
6. Grayscale - an image consisting of shades of gray, with a single color depth value for each pixel.
7. RGB - a color model used to represent colors as a combination of red, green, and blue values.
8. Histogram - a graphical representation of the distribution of pixel values in an image.
9. Contrast - the difference in color and brightness between different parts of an image.
10. Brightness - the overall lightness or darkness of an image.
11. Gamma Correction - a process used to adjust the brightness and contrast of an image.
12. Filter - a mathematical operation applied to an image to modify its appearance.
13. Kernel - a small matrix used to perform a filtering operation on an image.
14. Edge Detection - the process of identifying the boundaries between different objects or regions in an
image.
15. Feature Extraction - the process of extracting meaningful information from an image, such as shapes,
textures, or patterns.
16. Object Detection - the process of identifying and locating objects within an image.
17. Image Segmentation - the process of dividing an image into distinct regions or segments.
18. Image Classification - the process of categorizing an image into one of several predefined classes.
19. Convolutional Neural Network (CNN) - a type of neural network commonly used for image analysis,
consisting of multiple layers of convolutions, pooling, and fully connected layers.
20. Transfer Learning - the process of using a pre-trained neural network as a starting point for a new image
analysis task.
21. Data Augmentation - the process of artificially increasing the size of a training dataset by applying
random transformations to the existing data.
22. Overfitting - the phenomenon of a neural network performing well on the training data but poorly on
new, unseen data.
23. Regularization - a technique used to prevent overfitting by adding a penalty term to the loss function.
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24. Cross-Validation - a technique used to evaluate the performance of a neural network by dividing the
data into multiple folds and training and testing the network on each fold.
25. Precision - the proportion of true positive predictions out of all positive predictions.
26. Recall - the proportion of true positive predictions out of all actual positive instances.
27. F1 Score - the harmonic mean of precision and recall.
28. Confusion Matrix - a table summarizing the performance of a classification algorithm, showing the
number of true positives, true negatives, false positives, and false negatives.
29. Receiver Operating Characteristic (ROC) Curve - a graphical representation of the performance of a
binary classifier, showing the trade-off between the true positive rate and the false positive rate.
30. Area Under the ROC Curve (AUC) - a metric used to evaluate the performance of a binary classifier,
representing the probability that a random positive instance will be ranked higher than a random negative
instance.

Example:

Consider a forensic analysis scenario where a CNN is used to detect and classify different types of weapons
in an image. The CNN might consist of several convolutional layers, followed by pooling layers to reduce
the spatial resolution and fully connected layers to perform the final classification. Transfer learning might
be used to leverage a pre-trained network, such as ImageNet, as a starting point. Data augmentation might
be used to increase the size of the training dataset, and regularization techniques might be applied to
prevent overfitting. The performance of the network might be evaluated using metrics such as precision,
recall, and F1 score, and the ROC curve might be used to compare the performance of different classifiers.

Challenge:

Try implementing a simple CNN for image classification using a pre-trained network and data
augmentation. Evaluate the performance of the network using metrics such as precision, recall, and F1
score, and compare the results to a baseline classifier. Experiment with different regularization techniques to
prevent overfitting and compare the effects on the performance of the network.
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