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Professional Certificate in Advanced Al for Aerospace Engineering

Computer Vision and Image Processing

In the field of Artificial Intelligence (Al) and machine learning, Computer Vision and Image Processing are
essential techniques used to extract, analyze, and understand useful information from digital images and
videos. These techniques are widely used in various applications, including autonomous vehicles, medical
imaging, satellite imagery analysis, facial recognition, and many others. In this explanation, we will discuss
the key terms and vocabulary related to Computer Vision and Image Processing in the context of the
Professional Certificate in Advanced Al for Aerospace Engineering.

1. Digital Image:

A digital image is a matrix of pixels, where each pixel represents a specific color value. Digital images are
typically represented in three color channels: Red, Green, and Blue (RGB). Each pixel in an image has a
unique position, and its color value is determined by its intensity values in each color channel.

2. Pixel:

A pixel is the smallest unit of a digital image. It is a single point in an image that has a specific color value.
Pixels are arranged in a grid-like structure, and the number of pixels in an image determines its resolution.
3. Image Resolution:

Image resolution refers to the number of pixels in an image. It is usually represented by the width and
height of an image in pixels. For example, an image with a resolution of 1920 x 1080 means it has 1920
pixels in width and 1080 pixels in height.

4. Color Depth:

Color depth refers to the amount of data used to represent the color of a pixel. It is usually measured in
bits. For example, a 24-bit color image uses 8 bits to represent each color channel, resulting in a total of 24
bits per pixel.

5. Image Sensor:

An image sensor is a device that converts light into electrical signals. In digital cameras and smartphones,
image sensors are used to capture digital images. The two most common types of image sensors are
Charge-Coupled Devices (CCD) and Complementary Metal-Oxide-Semiconductor (CMOS) sensors.

6. Histogram:

A histogram is a graphical representation of the distribution of pixel intensity values in an image. It shows
the number of pixels in an image that have a specific intensity value.

7. Contrast:

Contrast refers to the difference in color and brightness between different parts of an image. High contrast
images have a wide range of brightness and color values, while low contrast images have a narrow range.
8. Brightness:

Brightness refers to the overall lightness or darkness of an image. It is usually measured in terms of
luminance.

9. Gamma Correction:

Gamma correction is a technique used to adjust the brightness and contrast of an image. It is used to
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compensate for the non-linear response of image sensors and displays.

10. Filter:

A filter is a mathematical operation applied to an image to modify its pixels. Filters are used for various
purposes, such as smoothing, sharpening, edge detection, and color correction.

11. Kernel:

A kernel is a small matrix used to apply filters to an image. The kernel is convolved with the image pixels to
compute the output pixel values.

12. Edge Detection:

Edge detection is a technique used to identify the boundaries between different objects in an image. It is
usually done by applying filters that detect changes in pixel intensity values.

13. Feature Extraction:

Feature extraction is the process of identifying and extracting meaningful features from an image. Features
can be anything from edges, corners, shapes, textures, and colors.

14. Object Detection:

Object detection is the process of identifying and locating objects in an image. It involves detecting the
presence of an object and determining its location and size.

15. Image Segmentation:

Image segmentation is the process of dividing an image into multiple regions or segments based on their
color, texture, or other visual cues. It is used for various applications, such as object recognition, image
compression, and medical imaging.

16. Convolutional Neural Networks (CNN):

Convolutional Neural Networks (CNN) are a type of deep learning model used for image classification,
object detection, and segmentation. CNNs use convolutional layers to extract features from images and
fully connected layers to classify them.

17. Transfer Learning:

Transfer learning is a technique used to train deep learning models using pre-trained weights. It is used to
reduce the training time and improve the accuracy of deep learning models.

18. Image Augmentation:

Image augmentation is a technique used to increase the size of a training dataset by applying random
transformations to images. It is used to improve the generalization ability of deep learning models.

19. Mean Squared Error (MSE):

Mean Squared Error (MSE) is a loss function used to measure the difference between predicted and actual
values. It is commonly used in regression problems.

20. Cross-Entropy Loss:

Cross-Entropy Loss is a loss function used to measure the difference between predicted and actual
probability distributions. It is commonly used in classification problems.

Practical Applications:

Computer Vision and Image Processing have numerous practical applications in the field of Aerospace
Engineering. Here are a few examples:

1. Object Detection:
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Object detection can be used to identify and track objects in satellite images, such as aircraft, ships, and
buildings. It can also be used to detect and track objects in airspace, such as drones and other aircraft.
2. Image Segmentation:

Image segmentation can be used to segment images of the Earth's surface, such as forests, deserts, and
oceans. It can also be used to segment images of aircraft components, such as wings, engines, and
fuselages.

3. Convolutional Neural Networks (CNN):

Convolutional Neural Networks (CNN) can be used for image classification, object detection, and
segmentation in aerospace applications. For example, CNNs can be used to classify images of aircraft
components, detect objects in satellite images, and segment images of the Earth's surface.

4. Transfer Learning:

Transfer learning can be used to train deep learning models for aerospace applications using pre-trained
weights. This can reduce the training time and improve the accuracy of deep learning models.

5. Image Augmentation:

Image augmentation can be used to increase the size of a training dataset and improve the generalization
ability of deep learning models in aerospace applications.

Challenges:

Computer Vision and Image Processing pose several challenges in the field of Aerospace Engineering. Here
are a few examples:

1. Large Datasets:

Deep learning models require large datasets to train. Collecting and labeling large datasets of aerospace
images can be time-consuming and expensive.

2. High Dimensionality:

Images are high-dimensional data, and deep learning models can struggle to generalize from high-
dimensional data. Dimensionality reduction techniques, such as Principal Component Analysis (PCA), can be
used to reduce the dimensionality of images.

3. Noise:

Images can be noisy, and deep learning models can struggle to generalize from noisy data. Noise reduction
techniques, such as filtering and denoising, can be used to reduce the noise in images.

4. Variability:

Images can vary in terms of lighting, contrast, and other visual cues. Deep learning models can struggle to
generalize from images that vary in terms of visual cues. Data normalization techniques, such as mean
subtraction and standardization, can be used to reduce the variability in images.

Conclusion:

Computer Vision and Image Processing are essential techniques used to extract, analyze, and understand
useful information from digital images and videos. These techniques have numerous practical applications
in the field of Aerospace Engineering, such as object detection, image segmentation, and image
classification. However, Computer Vision and Image Processing also pose several challenges in the field of
Aerospace Engineering, such as large datasets, high dimensionality, noise, and variability. To overcome
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these challenges, it is essential to use appropriate data preprocessing techniques, such as filtering,
denoising, and data normalization, and deep learning techniques, such as transfer learning and image
augmentation.
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