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Professional Certificate in Computer Vision in Robotics

Introduction to Computer Vision

Computer vision is a field of artificial intelligence that enables computers to interpret and understand the
visual world. It involves the acquisition, processing, analysis, and understanding of digital images or videos
to extract relevant information. In the Professional Certificate in Computer Vision in Robotics course, you
will be introduced to key terms and vocabulary essential for understanding the fundamentals of computer
vision. Let's delve into these terms in detail:

1. **Image Processing**: Image processing refers to the manipulation of digital images using algorithms to
enhance their quality or extract information. It involves operations such as filtering, segmentation, and
feature extraction.

2. **Feature Extraction**: Feature extraction involves identifying and extracting meaningful patterns or
features from images. These features can be edges, corners, textures, colors, or shapes that are crucial for
further analysis.

3. **Segmentation**; Segmentation is the process of partitioning an image into multiple segments to
simplify its representation or make it easier to analyze. It involves grouping pixels based on similarities in
color, intensity, or texture.

4. **Object Detection**: Object detection is the task of locating and classifying objects within an image or
video. It involves identifying the presence of objects and drawing bounding boxes around them.

5. **QObject Recognition**: Object recognition is the process of identifying objects in images or videos by
matching them to pre-defined classes or categories. It involves classifying objects based on their features.

6. **Image Classification**: Image classification is the task of assigning a label or category to an entire
image based on its content. It involves training machine learning models to recognize patterns and make
predictions.

7. **Convolutional Neural Networks (CNNs)**: CNNs are deep learning models specifically designed for
processing visual data. They consist of multiple layers of convolutional, pooling, and fully connected layers
that learn hierarchical features from images.

8. **Deep Learning**: Deep learning is a subset of machine learning that uses neural networks with multiple
layers to learn complex patterns from data. It has revolutionized computer vision tasks by enabling the
automatic extraction of features.

9. **Semantic Segmentation**: Semantic segmentation is the task of classifying each pixel in an image into a
specific class or category. It provides a detailed understanding of the image at the pixel level.

10. **Instance Segmentation**: Instance segmentation goes a step further than semantic segmentation by
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not only classifying each pixel but also distinguishing individual objects within the same class. It provides
precise localization of objects.

11. **Object Tracking**: Object tracking involves following the movement of objects in a video sequence
over time. It is essential for applications such as surveillance, autonomous vehicles, and augmented reality.

12. **Feature Matching**: Feature matching is the process of finding corresponding points or features
between two or more images. It is used in tasks like image registration, object recognition, and 3D
reconstruction.

13. **Homography**: Homography is a transformation that maps points from one image to another in a
projective space. It is commonly used in image stitching, augmented reality, and geometric transformations.

14. **Camera Calibration**: Camera calibration is the process of estimating the parameters of a camera to
correct distortions and accurately map pixels to the real world. It is crucial for applications like 3D
reconstruction and augmented reality.

15. **Optical Flow**: Optical flow is the pattern of apparent motion of objects between consecutive frames
in a sequence. It is used for motion estimation, object tracking, and video analysis.

16. **Feature Descriptors**: Feature descriptors are numerical representations of key points or features in an
image that capture their characteristics. They are used for matching and recognizing features across images.

17. **Histogram of Oriented Gradients (HOG)**: HOG is a feature descriptor technique that represents the
distribution of gradient orientations in an image. It is commonly used in object detection and pedestrian
detection.

18. **Scale-Invariant Feature Transform (SIFT)**: SIFT is a feature descriptor algorithm that detects and
describes local features in images. It is robust to changes in scale, rotation, and illumination, making it
widely used in computer vision tasks.

19. **Convolution**; Convolution is a mathematical operation that combines two functions to produce a
third function. In image processing, convolution is used for operations like blurring, sharpening, and edge
detection.

20. **Pooling**: Pooling is a down-sampling operation that reduces the dimensionality of feature maps
while preserving important information. It helps in making the network more robust to variations in input.

21. **Activation Function**: An activation function introduces non-linearity to the output of a neuronin a
neural network. Popular activation functions include ReLU (Rectified Linear Unit), Sigmoid, and Tanh.

22. **Loss Function**: A loss function measures the difference between the predicted output of a model and
the actual target. It is used to train machine learning models by updating their parameters to minimize the
loss.

23. **Backpropagation**: Backpropagation is a learning algorithm used in neural networks to update the
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weights of the network by propagating the error backward from the output to the input layer. It is essential
for training deep learning models.

24. **Transfer Learning**: Transfer learning is a machine learning technique where a pre-trained model is
fine-tuned on a new task or dataset. It helps in leveraging the knowledge learned from one task to improve
performance on another task.

25. **Data Augmentation**: Data augmentation is a technique used to artificially increase the size of a
training dataset by applying transformations like rotation, flipping, scaling, and cropping to images. It helps
in improving model generalization.

26. **Qverfitting**: Overfitting occurs when a machine learning model performs well on the training data
but poorly on unseen data. It is caused by the model learning noise or irrelevant patterns from the training
data.

27. **Underfitting**: Underfitting happens when a machine learning model is too simple to capture the
underlying patterns in the data. It results in high bias and poor performance on both training and test data.

28. **Precision and Recall**: Precision measures the proportion of correctly predicted positive instances
among all instances predicted as positive, while recall measures the proportion of correctly predicted
positive instances among all actual positive instances.

29. **Intersection over Union (loU)**: loU is a metric used to evaluate the accuracy of object detection and
segmentation algorithms. It calculates the overlap between the predicted and ground truth bounding boxes
or masks.

30. **Mean Average Precision (mAP)**: mAP is a common metric used to evaluate the performance of
object detection models. It calculates the average precision across multiple classes or categories.

31. **OpenCV**: OpenCV (Open Source Computer Vision Library) is a popular open-source library for
computer vision and image processing. It provides a wide range of functions and algorithms for working
with images and videos.

32. **PyTorch**: PyTorch is a deep learning framework that provides a flexible and dynamic approach to
building and training neural networks. It is widely used for research and development in the field of
computer vision.

33. **TensorFlow**: TensorFlow is an open-source machine learning framework developed by Google that
provides tools and libraries for building and training deep learning models. It is used for various
applications, including computer vision.

34. **YOLO (You Only Look Once)**: YOLO is a real-time object detection algorithm that processes images in
a single pass through a convolutional neural network. It is known for its speed and accuracy in detecting
objects in images and videos.

35. **SSD (Single Shot MultiBox Detector)**: SSD is another real-time object detection algorithm that
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combines the speed of YOLO with the accuracy of region-based detectors. It uses a single neural network to
predict object classes and bounding boxes.

36. **Mask R-CNN**: Mask R-CNN is a variant of the Faster R-CNN object detection model that also
predicts pixel-wise segmentation masks for objects. It is widely used for instance segmentation tasks in
computer vision.

37. **Semantic Segmentation vs. Instance Segmentation**: Semantic segmentation assigns a class label to
each pixel in an image, while instance segmentation distinguishes individual objects of the same class and
assigns them unique labels.

38. **Image Stitching**: Image stitching is the process of combining multiple images with overlapping areas
to create a panoramic image. It involves aligning, blending, and merging the images seamlessly.

39. **Camera Pose Estimation**: Camera pose estimation determines the position and orientation of a
camera relative to the scene it is capturing. It is essential for applications like augmented reality, 3D
reconstruction, and camera calibration.

40. **Challenges in Computer Vision**: Some of the challenges in computer vision include occlusions,
variations in lighting and viewpoint, scale changes, cluttered backgrounds, and limited training data.
Overcoming these challenges requires robust algorithms and techniques.

41. **Applications of Computer Vision**: Computer vision finds applications in various fields such as
autonomous vehicles, facial recognition, medical imaging, surveillance, augmented reality, robotics, and
quality control. It plays a crucial role in enabling machines to perceive and understand the visual world.

42. **Ethical Considerations in Computer Vision**: Ethical considerations in computer vision include issues
related to privacy, bias, fairness, accountability, and transparency. It is essential to develop and deploy
computer vision systems responsibly to mitigate potential risks and ensure ethical use.

43. **Future Trends in Computer Vision**: Future trends in computer vision include advancements in deep
learning models, real-time processing capabilities, explainable Al, human-computer interaction, and
interdisciplinary research collaborations. The field of computer vision is continuously evolving, with new
technologies and applications emerging rapidly.

In conclusion, understanding the key terms and vocabulary in computer vision is essential for mastering the
concepts and techniques taught in the Professional Certificate in Computer Vision in Robotics course. By
familiarizing yourself with these terms and their applications, you will be better equipped to tackle real-
world challenges and contribute to the advancement of computer vision technology. Stay curious, keep
learning, and explore the exciting world of computer vision!
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