
Lesson 13: Robotics Vision
Robotic vision, also known as robot vision or computer vision for robots, encompasses
a multidisciplinary field focused on enabling robots to perceive and interpret visual
information from their surroundings. By leveraging computer vision techniques, robotics
vision aims to provide robots with the capability to see and comprehend the world,
enabling them to perform tasks effectively in real-world environments.

Robots equipped with cameras or other imaging sensors capture visual data, such as
images or video, of their surroundings. This visual data serves as the input for various
computer vision algorithms, which process and analyze the information to extract
meaningful insights. These algorithms can identify and locate objects, estimate their
orientations, determine their sizes and shapes, and recognize other relevant visual
features.

The advancement of robotics vision has revolutionized the capabilities of robots,
allowing them to perform an extensive range of tasks that were previously challenging
or unattainable. For instance, robots can navigate complex environments by perceiving



and understanding the layout of obstacles, objects, and landmarks. This capability is
crucial for autonomous robots deployed in settings such as warehouses, hospitals, or
disaster zones.

Furthermore, robotics vision empowers robots to interact with humans more effectively.
By analyzing visual cues, robots can recognize human gestures, expressions, and
intentions, facilitating natural and intuitive human-robot collaboration. This aspect is
particularly relevant in social robots, healthcare applications, and assistive robotics.

In the manufacturing industry, robotics vision plays a significant role in quality control,
object detection, and assembly tasks. Robots equipped with vision systems can detect
defects, inspect product attributes, and perform complex manipulation operations with
high precision. This enhances productivity, reduces errors, and improves the overall
efficiency of manufacturing processes.

Healthcare is another domain benefiting from robotics vision. Robots can assist in
surgical procedures by accurately tracking surgical tools, analyzing patient data, and
providing augmented reality guidance to surgeons. Moreover, robotics vision enables
the development of advanced prosthetics and exoskeletons, improving the quality of life
for individuals with mobility impairments.

Transportation is also embracing robotics vision to enhance safety and efficiency.
Self-driving vehicles rely on visual perception to recognize traffic signs, detect
pedestrians and obstacles, and make informed decisions in real-time. Robotics vision
algorithms enable vehicles to perceive their environment and navigate complex road
scenarios autonomously.

Beyond specific applications, robotics vision serves as a catalyst for research and
development in robotics. Researchers continuously explore new algorithms, machine
learning techniques, and sensor technologies to enhance robot perception, object
recognition, and scene understanding. These advancements in robotics vision pave the
way for innovative applications and the realization of increasingly capable and intelligent
robots.

In summary, robotics vision has become indispensable for enabling robots to perceive
and comprehend the visual world. By harnessing computer vision techniques, robots
can navigate complex environments, interact seamlessly with humans, perform intricate
manufacturing tasks, and contribute to advancements in healthcare and transportation.
The ongoing progress in robotics vision promises to unlock further possibilities for
intelligent, autonomous robots in various industries.



Robot Perception Techniques
Robot perception techniques are integral to enabling robots to interpret and
comprehend visual information within their surroundings. These techniques heavily rely
on computer vision algorithms that analyze and process the images or video captured
by the robot's sensors. The primary objective of these techniques is to extract
meaningful information from visual data, empowering the robot to interact with and
navigate through its environment more effectively.

Feature extraction serves as a fundamental robot perception technique, entailing the
identification and extraction of pertinent features from an image, such as edges,
corners, or shapes. These features are subsequently utilized to locate objects, track
their movements, or perform other tasks. Feature extraction plays a critical role in
numerous other robot perception techniques, including object recognition and motion
analysis.

Object recognition stands as another pivotal robot perception technique, involving the
identification and classification of objects within an image or video. By enabling the
robot to intelligently recognize and categorize objects, this technique empowers the
robot to interact more effectively with its environment. Object recognition can be
achieved through various approaches, such as machine learning algorithms that enable
the robot to learn from experience and enhance its performance over time.

Stereo vision represents a
vital robot perception
technique that harnesses two
cameras or imaging sensors
to construct a
three-dimensional image of
the environment. This
technique allows the robot to
perceive depth and distance,
facilitating navigation through
intricate surroundings,
obstacle avoidance, and more
sophisticated object
interactions.



Motion analysis is another crucial robot perception technique that involves tracking the
movement of objects within an image or video. By employing motion analysis, robots
can track the motion of objects, avoid obstacles, or navigate through crowded
environments with greater precision. Motion analysis often complements other robot
perception techniques, such as object recognition or feature extraction, enhancing the
robot's capability to interact harmoniously with its surroundings.

Furthermore, machine learning techniques play a pivotal role in training robots to
recognize and classify objects based on visual features. This empowers the robot to
learn from experience and progressively enhance its performance. Machine learning
can be applied across various robot perception techniques, including object recognition
and feature extraction, augmenting the robot's capacity to understand and respond to its
environment.

The continual advancement of sophisticated robot perception techniques is pivotal in
enabling robots to execute increasingly intricate tasks within real-world settings. These
techniques find widespread applications across diverse industries, including
manufacturing, healthcare, transportation, and entertainment. As robot perception
techniques continue to evolve and refine, robots will become more capable, adaptable,
and versatile, unlocking novel possibilities for their utilization across numerous sectors
and applications. The development of robust and efficient robot perception techniques is
crucial for the ongoing advancement and widespread adoption of robotic technology in
our rapidly evolving world.

Robot Vision Algorithms
Robot vision algorithms play a crucial role in enabling robots to perceive and interpret
their surroundings. These algorithms use various techniques to extract and process
information from visual data captured by cameras or sensors mounted on the robot.

One of the most commonly used robot vision algorithms is image processing. Image
processing involves filtering and enhancing images to extract relevant features. These
features can then be used to identify objects, track movement, or navigate the robot.
Image processing is often used in combination with other algorithms such as object
detection and recognition.

Another popular algorithm used in robot vision is the optical flow algorithm. The optical
flow algorithm estimates the motion of objects in an image by tracking the movement of
individual pixels. This algorithm is particularly useful in applications that require tracking



the motion of objects, such as autonomous navigation or robotics-based surveillance.
The horizontal and vertical components of the optical flow vector can be calculated
using the following formula:

vx = (I_x * I_t) / (I_x^2 + I_y^2 + 1e-5)
vy = (I_y * I_t) / (I_x^2 + I_y^2 + 1e-5)

where vx and vy are the horizontal and vertical components of the optical flow vector,
I_x and I_y are the partial derivatives of the image with respect to x and y, and I_t is the

partial derivative with respect to time.

A third important algorithm in robot vision is stereo vision. Stereo vision involves using
two cameras to create a 3D view of the robot's environment. This algorithm relies on
triangulation to estimate the distance of objects in the environment and can be used for
various applications such as object detection, depth perception, and obstacle
avoidance.

Other important robot vision algorithms include feature extraction and segmentation.
Feature extraction involves identifying key points in an image, while segmentation
involves partitioning an image into smaller regions based on certain criteria.

In implementing these algorithms, formulas and code are often used. For example, the
Harris corner detection algorithm is a popular feature detection algorithm used in
robot vision. The Harris corner detection algorithm can be implemented using the
following code:

def harris_corner_detection(image, k=0.04, threshold=0.1,

window_size=3):

dx = cv2.Sobel(image, cv2.CV_64F, 1, 0, ksize=3)

dy = cv2.Sobel(image, cv2.CV_64F, 0, 1, ksize=3)

dx2 = dx ** 2

dy2 = dy ** 2

dxdy = dx * dy

corner_response = ((cv2.filter2D(dx2, -1, np.ones((window_size,

window_size)))) * (cv2.filter2D(dy2, -1, np.ones((window_size,

window_size)))) - ((cv2.filter2D(dxdy, -1, np.ones((window_size,

window_size)))) ** 2) - k * ((cv2.filter2D(dx2, -1,

np.ones((window_size, window_size)))) + (cv2.filter2D(dy2, -1,

np.ones((window_size, window_size))))) ** 2

corners = []



for i in range(window_size, image.shape[0]-window_size):

for j in range(window_size, image.shape[1]-window_size):

if corner_response[i, j] > threshold *

corner_response.max():

corners.append((i, j))

return corners

In summary, robot vision algorithms are essential in enabling robots to perceive their
environment and operate autonomously. These algorithms use various techniques such
as image processing, optical flow, stereo vision, feature extraction, and segmentation,
among others

Robot Navigation Techniques
Robot navigation techniques involve algorithms and methods for enabling robots to
autonomously navigate and move around in their environment. These techniques rely
on various sensors and perception systems, such as cameras, LIDAR, and sonar, to
collect information about the robot's surroundings.

One of the most common navigation techniques used
in robotics is Simultaneous Localization and
Mapping (SLAM). SLAM involves constructing a map
of the robot's environment while simultaneously
determining the robot's location within that
environment. This technique is particularly useful for
robot applications that require navigating in unknown
environments.

Another commonly used navigation technique is path
planning, which involves determining the optimal path
for a robot to follow to reach its destination while
avoiding obstacles in its environment. This technique
uses algorithms such as A* and Dijkstra's algorithm to
calculate the shortest path between the robot's current location and its desired
destination.

In addition to SLAM and path planning, there are other navigation techniques such as
behavior-based navigation and potential fields. Behavior-based navigation involves



defining a set of behaviors that the robot can perform in response to different
environmental cues, while potential fields involve calculating a vector field that guides
the robot towards its destination while avoiding obstacles.

These navigation techniques often involve complex algorithms and models that use
sensor data and other inputs to make decisions about the robot's movement. For
example, the A* algorithm uses a heuristic to estimate the distance between the robot's
current location and its destination and selects the path with the lowest total estimated
distance. Similarly, potential fields use a mathematical model to calculate attractive and
repulsive forces that guide the robot's movement.

Overall, robot navigation techniques are critical for enabling robots to autonomously
move and operate in their environment. These techniques rely on various sensors and
perception systems to gather information about the environment, and use complex
algorithms and models to make decisions about the robot's movement.

Robot Vision Applications
Robot vision technology has numerous applications across various industries, from
manufacturing and agriculture to healthcare and defense. In this chapter, we will discuss
some of the most significant applications of robot vision technology.

● Manufacturing: Robot vision technology plays a crucial role in modern
manufacturing, where robots with vision systems are used to inspect products
and identify defects in real-time. These systems can help manufacturers improve
their product quality, reduce waste, and increase efficiency.

● Agriculture: In agriculture, robot vision systems can be used to monitor crop
health and growth, detect pests and diseases, and even automate harvesting.
This technology can help farmers improve their yields, reduce costs, and
increase efficiency.

● Healthcare: Robot vision systems are also being used in healthcare for various
applications, such as diagnosing diseases and assisting in surgeries. For
example, robot-assisted surgeries with vision systems have been shown to
improve patient outcomes and reduce recovery time.

● Autonomous vehicles: Robot vision technology is also an essential component in
developing autonomous vehicles. These systems use sensors and cameras to



identify objects and navigate through their environment. Autonomous vehicles
have the potential to revolutionize transportation and make it safer and more
efficient.

● Security and surveillance: Robot vision technology is being used in security and
surveillance applications to detect and track suspicious behavior and objects.
These systems can be used to monitor public spaces, secure facilities, and
enhance public safety.

● Environmental monitoring: Robot vision systems can be used to monitor the
environment, including air and water quality, temperature, and weather
conditions. These systems can provide valuable data for research and help
identify environmental risks and hazards.

● Education and research: Robot vision technology is also being used in education
and research to develop and test new algorithms and techniques. These systems
can help researchers better understand human vision and perception and
develop new applications for robot vision technology.

In summary, robot vision technology has a wide range of applications across various
industries, from manufacturing and agriculture to healthcare and defense. With the
ongoing advancements in technology, we can expect to see even more innovative
applications of robot vision systems in the future.


