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Unit-V

Computer vision (overview)

Computer Vision is a field of Artificial Intelligence (Al) that focuses on
enabling machines to interpret and make decisions based on visual information
from the world, such as images and videos. It allows computers to “see” and
analyze like humans but with speed, scale, and consistency.

Core Goals of CV

1. Perception — extracting useful information from raw
images/videos.

2. Understanding — recognizing what objects are and how they
relate.

3. Decision Making — using visual data for actions (e.g., autonomous
driving).

Key Tasks in Computer Vision

Image Classification — Identifying what an image contains (e.g., “This is a
cat”).

Object Detection — Locating and labeling multiple objects in an image.

Image Segmentation — Dividing an image into regions (e.g., separating
background from objects).

Facial Recognition — Identifying or verifying people based on facial features.
Pose Estimation — Detecting the position and orientation of people or objects.
Image Generation — Creating new, realistic images (GANSs, diffusion models).

Video Analysis — Detecting actions, movements, and anomalies in video
streams.

Techniques & Methods
Classical CV techniques: Edge detection, feature extraction (SIFT, HOG).
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Deep Learning Methods
Convolutional Neural Networks (CNNs) — Backbone of modern CV.

R-CNN, YOLO, SSD — Object detection architectures.

Transformers (Vision Transformers — ViT) — Used in state-of-the-art
models.

Preprocessing & Enhancement: Image filtering, denoising, resizing,
augmentation.

Applications of Computer Vision

Healthcare: Medical imaging, tumor detection, X-rays, MRI scans.

Autonomous Vehicles: Lane detection, traffic sign recognition, pedestrian
tracking.

Security & Surveillance: CCTV monitoring, facial recognition.

Retail & E-commerce: Visual search, automated checkout, product tagging.
Agriculture: Crop monitoring, pest detection, yield prediction.

Robotics: Navigation, object manipulation.

Entertainment & Media: AR/VR, motion capture, special effects.

Challenges in Computer Vision
Variability in lighting, angle, and
background.

Occlusion (objects hiding behind others).
Real-time processing speed for videos.
Generalization across different environments.

Ethical issues (privacy in facial recognition, bias in datasets).
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Future of Computer Vision

Integration with NLP — multimodal AI (e.g., captioning images, visual
question answering).

Growth in edge computing — running CV models on mobile/loT devices.
Stronger generative models for realistic image/video synthesis.

Wider adoption in healthcare, smart cities, and robotics.

In short: Computer Vision is the science of making computers “see” and
understand the visual world, powering technologies from self-driving cars to
medical diagnosis.

Rohotics:Perception

Robotic Perception: Understanding the Sensing and Interpretation Capabilities
of Robots

Robotic perception is the ability of a robot to sense its environment and interpret
the data collected through its sensors. Understanding robotic perception is
critical in the field of robotics, as it plays a vital role in the future development
of robotic systems with more advanced sensing and interpretation capabilities.
Perception is a challenging and complex process that involves multiple sensor
modalities and data interpretation algorithms. In this article, we will delve into
the various aspects of robotic perception and its significance in robotics.

Robotic Perception and the Senses

Robots use various sensor modalities to perceive their surroundings, including
vision, touch, hearing, and smell. These sensors can be in the form of cameras,
microphones, touch sensors, LIDAR systems, or other sensing devices. Each
sensing modality has its strengths and limitations, and their combination offers a
robust sensing system for robots.
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Vision-based Sensing

Vision-based sensing is one of the most commonly used sensing modalities in
robotics. The robot’s visual system usually consists of one or more cameras
placed in strategic locations to cover the entire field of view. The camera
captures the image, which is then processed by image processing algorithms to
identify objects and track their motion. Vision-based sensing is particularly
important for tasks such as object detection and recognition, navigation, and

mapping.

Touch-based Sensing

Touch-based sensing is another essential modality in robotic perception. The
robot uses touch sensors such as pressure sensors and tactile sensors to capture
the force and pressure applied to the robot’s end effector or a specific object.
This modality enables the robot to manipulate objects, detect the texture, shape,
and hardness of objects, and adjust its grasping force accordingly.

Hearing-based Sensing

Hearing-based sensing, also known as auditory sensing, is still relatively new in
the field of robotics, but it is gaining traction as it provides multiple advantages
and applications. The robot’s auditory system consists of microphones that pick
up the sound waves around the robot. The sound data is then processed to
enable the robot to identify sounds and locate their sources. This modality
enables the robot to interact with speech recognition systems, detect unusual
sounds, or perform soundbased localization tasks.

Smell-based Sensing

Smell-based sensing, also known as olfactory sensing, is still in its nascent
stages. The robot’s olfactory system consists of chemical sensors that capture
and analyze the aroma of the environment around the robot. Olfactory sensing
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can enable robots to detect toxic substances, locate gas leaks, or identify
specific compounds.

Data Interpretation in Robotic Perception

Robotic perception involves the interpretation of the data captured by the
sensors. Data interpretation algorithms extract meaningful information and
knowledge from raw sensor data, and this information is used to control the
robot’s actions and decision-making process. The interpretation process
involves multiple data processing methods, including feature extraction, pattern
recognition, and machine learning algorithms.

Feature Extraction

Feature extraction is a common method used in robotic perception to extract
relevant information from sensor data. Feature extraction algorithms identify
patterns, edges, or corners in the image data. These features are then used in
further processing algorithms such as object recognition and tracking.

Pattern Recognition

Pattern recognition is another essential method in robotic perception that is used
to identify objects or patterns in sensor data. Pattern recognition algorithms use
extracted features to compare the data with previously learned patterns, enabling
the robot to recognize the object or pattern in real-time. This method is
particularly critical in vision-based sensing, where objects can have different
shapes and sizes.

Machine Learning and Deep Learning Algorithms

Machine learning and deep learning algorithms are powerful tools used in
robotic perception to enable the robot to learn from experience and optimize its
performance. These algorithms use sensory data to train the robot to recognize
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objects, predict events, or classify data. Machine learning algorithms can
classify a vast amount of data in a short amount of time with high accuracy,
enabling the robot to identify and react to new objects or events in real-time.

The Future of Robotic Perception

Robotic perception is an essential factor in the development of advanced robotic
systems with increased sensing and interpretation capabilities. The future of
robotic perception involves the integration of various sensor modalities,
including vision, touch, hearing, and smell, to create a robust sensing system.
The future also involves the advancement of data interpretation algorithms,
specifically those that use machine learning and deep learning algorithms. The
combination of advanced sensing and interpretation capabilities will enable the
development of robots with more sophisticated perception abilities, enabling
them to perform complex tasks in challenging environments.

The use of robotic perception In autonomous vehicles can enable them to
navigate challenging terrains and avoid obstacles.

Robotic perception can play a role in the development of industrial robots that
can perform tasks independently without human intervention, such as assembly,
welding, and painting.

Robotic perception can also be used in the development of robotic companions
that can interact with humans through speech recognition, facial recognition,
and other sensory modalities.

The integration of robotic perception into healthcare systems can enable the
development of robotic assistants that can perform tasks such as monitoring
patient health, assisting in surgeries, and dispensing medication.

Conclusion

Robotic perception is a critical aspect of robotics, as it enables robots to
interpret and make decisions based on the data collected by their sensors. The
development of advanced sensing and interpretation capabilities is key to the
future development of robots to perform complex tasks and operate in
challenging environments. The combination of various sensing modalities and
data interpretation algorithms will enable the creation of robots with more
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sophisticated perception abilities, facilitating human-robot collaborations in
industrial, healthcare, and other areas.
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